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Foreword

Drs. Demetrius Pertsemlidis, Arthur E. Schwartz and
Michel Gagner have assembled a distinguished faculty
from the Mount Sinai School of Medicine in New York
and an international cadre of ‘‘who’s who’’ in endocri-
nology, to contribute to this comprehensive text.

This is muchmore than a book on endocrine surgery,
focused as it is on covering all aspects of endocrinology.
The text includes molecular endocrinology, pituitary,
thyroid, parathyroid, adrenal, pancreatic and GI tract
endocrine neoplasms, and concludes with an integrated
review of multiple endocrine neoplasia. The presenta-
tion deals with each organ system, with a sequential
concentration on pathology, imaging, individual syn-
dromes, and surgical management in a very comprehen-
sive manner. New approaches to imaging are succinctly
summarized. Minimally invasive surgery and video-
assisted surgery are counter-balanced by aggressive
approaches to advanced disease, including organ trans-
plantation and tumor debulking.

There should be something here for everyone in-
terested in endocrine tumors, from diagnosis and lo-

calization to surgical approaches and nonsurgical
management.

While heavily weighted to the Mount Sinai faculty,
readers will find the contributions exciting, with some of
the true international leaders featured within their own
discipline. This provides a strong flavor of both stan-
dardized and alternative approaches to a series of com-
plex diseases. Forme, it was a pleasure to revisit areas of
my own personal interest and I am sure other readers
will similarly enjoy the vast array of information con-
tained within this most attractive text.

In this age of increasing demands for clinical care, it
is most encouraging to see clinicians committed to such
a comprehensive and educational text.

Murray F. Brennan, M.D.
Chairman, Department of Surgery

Memorial Sloan-Kettering Cancer Center
New York, New York, U.S.A.
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Preface

We offer an exposition of the current status of surgical
care in the management of endocrine disorders. Endo-
crine Surgery includes a summary of present and evolv-
ing approaches to surgery of the pituitary, thyroid,
parathyroid, adrenal, and pancreas. The text is compre-
hensive but not exhaustive, emphasizing practical ap-
proaches. Contributors with great experience have been
encouraged to present logical differences in viewpoint,
as well as controversies and alternative approaches to
the management of problems. New diagnostic and ther-
apeutic methods are brought to the attention of the
reader. Operative techniques are presented and illus-
trated in detail.

The expanded understanding of endocrine disease,
the increasing availability of sophisticated diagnostic
methods, and the development of innovative surgical
techniques, have changed the landscape of the manage-
ment of endocrine disorders, profoundly influencing
the practice of surgical endocrinology. Diagnostic ca-
pability expands at an exponential rate. The body is
becoming virtually transparent as new x-ray imaging
methods, radioisotope scanning, and ultrasound evolve
rapidly. These techniques are presented, discussed, and
illustrated.

New developments in surgery are stunning. Intra-
operative hormone assays make it possible to confirm

success while the patient is still on the operating table.
Robotic surgery, made feasible by advanced computer
capabilities and instant communication techniques,
offers operative expertise at a great distance, and also
constitutes a huge resource for surgical training. Small
endoscopic instruments with intrinsic cameras can vi-
sualize almost any part of the body, giving surgeons
access to nearly every organ, and in addition, to virtual
spaces such as the hands, neck, retroperitoneal area,
subcutaneous and intramuscular planes. The surgery
can be executed through minimally invasive portals
while the procedure is monitored on a television screen
in real time.

Endocrine Surgery brings together the expertise of
many authorities in their fields. It provides a perspective
on present treatment and new developments. A practi-
cal summary of diagnostic methods, choices of manage-
ment, and surgical techniques is offered that we hope
will be helpful to those involved in the management of
endocrine disorders.

Arthur E. Schwartz
Demetrius Persemlidis

Michel Gagner
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Introduction: Science, Surgery, and the Endocrine Patient

Our generation learned little about RNA and DNA in
medical school, considering it mostly irrelevant and
arcane. How this attitude has changed! As young doc-
tors we were overwhelmed by the seminal concept of
immunoassay, pioneered by Berson and Yalow, that
made it possible to determine the concentration of
virtually any biological material with exquisite accu-
racy. The watershed development of monoclonal anti-
bodies by Milstein enabled the fusion of myeloma cells,
possessing an infinite ability to multiply, to B cells that
secrete a specific antibody. This created a hybrid cell
that continually produces a chosen, identifiable, mono-
clonal antibody. Unbelievable applications of such
concepts were just beginning.

It was not until the beginning of the 1980s that
molecular biology loomed large in our minds., and not
until the 1990s that physicians realized that its relevance
to clinical practice was enormous. It was then that
seminars were organized to learn the new biology,
making it possible for physicians to read and under-
stand the many articles discussing the use of these new
techniques.

At first blush it may seem that the rapid advances in
molecular medicine have been so spectacular that by
comparison the art and science of surgery have not
moved an inch. But how wrong that is! If it had been
suggested that a microscope would be useful at surgery
or that large openings were not necessary for good
views, surgeons, residents, and medical students at the
time of our training would have laughed. Microsurgery
of every organ is now possible. The introduction of
endoscopic surgical approaches has been nothing but
spectacular. Endoscopes as small as 2.7 mm in diameter

offer great magnification and easy visualization in pitu-
itary surgery. Every body cavity is accessible to this
approach. Identification of small nerves and blood
vessels is easy. Chest-splitting incisions can be avoided
by a thoracoscopic approach to mediastinal parathy-
roid adenomas. Even virtual spaces, subcutaneous and
intermuscular planes such as the neck, retroperitneum,
and hand, can be explored endoscopically. No surgical
subspecialty has been more affected by this enormous
change than endocrine surgery.

1 MOLECULAR ENDOCRINOLOGY

Molecular endocrinology, the decoding and sequencing
of the human genome, the development of our ability to
manipulate genes, genetic engineering, and modern
clinical technology will profoundly change our way of
life. Our molecular understanding of endocrine diseases
will continue to extend our therapeutic horizons. The
study of intact organisms and cellular models is being
supplanted by molecular genetics and new technology.

Development of a large biotechnology industry,
combined with a new understanding of disease mecha-
nisms, has resulted in successful treatments for a wide
variety of diseases and holds even greater promise for
others. The use of recombinant interferon in the treat-
ment of hepatitis C and the stimulation of hematopoi-
esis by recombinant erythropoiesis in chronic renal
failure are recent examples of the biotechnological
approach. Within classical endocrinology, the develop-
ment of human growth hormone and insulin comes to
mind. The clinical use of recombinant thyrotropin
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(TSH) in the search for thyroid-cancer metastases,
monitoring the level of thyroglobulin to identify the
presence and extent of recurrent disease, as well as the
treatment of osteoporosis with recombinant parathy-
roid hormone augur an exciting and expanding horizon.
The relationship of gene abnormalities, and the possi-
bility of manipulating and altering them, offer promise
in conditions such as hemophilia, cystic fibrosis, sickle
cell anemia, Niemann-Pick disease, and others. At our
own institution, a recent example involves Fabry dis-
ease, a painful and ultimately fatal metabolic disorder in
which fatty deposits gradually clog the blood vessels of
the heart, brain, and kidneys. The cause is a deficiency of
the enzyme alpha-calactosidase A. The normal gene for
this enzyme was isolated and a method developed to
produce large quantities of the recombinant human
enzyme. Clinical trials have demonstrated the enzyme
replacement to be safe and effective.

There is evidence that schizophrenia and bipolar
disease as well as many other conditions are a function
of gene abnormalities. These deviations are certainly
complex, but the aberrant mechanisms will ultimately
be identified and ingenious methods devised for their
treatment or prevention.

2 THE MALIGNANT CELL

The discovery of genes able to drive a cell into a can-
cerous state (oncogenes) and the concept that a normal
cell may need multiple hits to activate a number of
oncogenes before becoming malignant (multiple-hit hy-
pothesis) have had an enormous impact on our under-
standing of cancer biology. But our understanding is far
from complete and has still not yet translated in a large
way into the clinical arena. The future holds great
promise as drugs are developed to intercept oncogene
signals and attempt to reverse the mutations a cell may
develop. The preventive screening potential of these
observation is huge (e.g., BRCA 1 and 2 breast cancer
genes). The ability to predict diseases such as breast
cancer, medullary thyroid carcinoma in multiple endo-
crine neoplasia (MEN) patients, and other forms of
malignancy, in addition to noncancerous conditions
such as Huntington’s chorea, diabetes, and the glycogen
storage diseases, engenders controversy concerning the
ethics of knowing the risk profile of patients, but offers
hope in their treatment and possible prevention.

The identification of cancer-screening proteins such
as hCG, thyroglobulin, prostrate specific antigen, and
the ovarian cancer antigens, combined with improved
scanning procedures, has resulted in a more aggressive
surgical approach to the control of cancer and its

metastases. We can anticipate that future developments
will enable the treatment of many more conditions at an
early or even incipient stage. Witness the successful
prevention of medullary carcinoma by thyroidectomy
in MEN patients with C cell hyperplasia as early as 6
years of age, made possible by the widespread applica-
tion of calcitonin immunoassays. Other conditions will
surely follow.

3 THERAPEUTIC DRUGS

The development of ingenious and potent drugs by a
robust pharmaceutical industry is changing the pano-
rama of modern medicine. The prevention of gastric
acid secretion, control of prostatic hypertrophy, more
powerful anti-inflammatory drugs, new classes of drugs
for diabetes, monoclonal antibodies to prevent myocar-
dial thrombosis and inflammation, and more powerful
immunosuppressants and chemotherapeutic agents are
examples of recent success; all have reduced the number
of patients needing surgery.

In addition, large-scale epidemiological studies of
medical and surgical therapies are demonstrating that
applications that appear to be sensible at first sight may
in the end prove to have adverse effects, to wit, the
downside of female hormone replacement therapy and
the ineffectiveness of arthroscopic surgery for osteoar-
thritis of the knee It has taken years to discover that
drugs such as cortisone, thalidomide, nicotine, and
cocaine have their risks as well as benefits. Bloodletting
was employed for generations until it was shown to do
more harm than good. The concept of long-term,
controlled, double-blind studies has emerged as an
invaluable research tool to develop evidence-based
approaches.

Problems such as an effective diet for weight control
(e.g., the relative importance of fat and carbohydrates)
remain to be evaluated. Intestinal bypasses and banding
procedures for morbid obesity can now be performed
endoscopically through minimal incisions and offer
good treatment when indicated. But obesity itself is
certainly a metabolic dysfunction that will eventually
be managed by physiological means. The recognition
that the hormone PPY, originating in the small intes-
tine, switches off the urge to eat is the forerunner of
others. An understanding of the metabolic causes of
obesity will lead to the therapy of the future.

4 ANESTHESIA

Anesthesia has progressed to a point that extensive
operation can be undertaken with ever-decreasing risk.
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Local anesthesia has had a resurgence, particularly for
minimally invasive procedures. Adjuncts such as pro-
pofol, midazolam, and fentanyl make local anesthesia
much more comfortable for the patient as well as the
surgeon. Regional nerve block can also be used effec-
tively, particularly in neck surgery. In addition, many
new and effective agents, as well as technical develop-
ments such as the pulse oximeter for the continuous
monitoring of oxygen saturation, have made anesthesia
much safer.

5 ORGAN TRANSPLANTATION

Transplantation of tissues and organs is developing at
an exciting pace: the replacement of pancreas, heart and
lungs (sometimes together), bowel, and liver and kidney
(at times combined) are becoming routine. The pioneers
of transplantation are all in debt to the development of
powerful immunosuppressants and the sophisticated
knowledge of how to use such drugs, as well as the
advances in surgical techniques of anastamoses, pros-
theses, and the use of cadaveric tissues. The concept of
delivering transplanted infused cells to treat disease is
anticipated with excitement (e.g., islet cells for diabetes
and the return of cells to the patient after gene transfer).

In addition to the technical aspects of transplanta-
tion, large organizational networks are required to
procure tissues and distribute them effectively and
equitably. These are being developed to an ever-greater
extent, and we marvel at the progress.

6 STEM CELLS AND ARTIFICIAL

ORGANS

Despite the political, religious, and ethical aspects of
stem cells, there can be no doubt that the potential for
their therapeutic use is enormous. In endocrinology, the
replacement of hormone-secreting cells would be sem-
inal. Such possibilities are on the horizon. Whether cells
are engineered or grown from stem cells is unlikely to
matter, as long as they work long term and are not
subject to immune attack. The indentification of insulin-
secreting stem cells and dopamine-secreting stem cells
are obvious areas of hope in the management of diabe-
tes and Parkinson’s disease. More technological devel-
opment is needed, but the future is inevitable. The
success of cloning in a variety of mammals is now well
established. If we can clone a whole animal it is likely
that we can clone individual cell supplies and organs for
each future patient. What a different world it will be
when we can grow whatever organ we each need and
replace the damage rendered by disease and age.

7 SERUM AND CELL MARKERS

OF DISEASE

The identification and sensitive measurement of a wide
variety of molecular and metabolic markers have been
other emblems of modern medicine. With increasing
frequency, the diagnosis or suspicion of disease is based
on the chemistry of a patient rather than the physical
examination. The success of parathyroid surgery can
now be confirmed intraoperatively by very rapid assays
of parathormone, taking advantage of its 3-minute
half–life. Intraoperative adrenocorticotropic hormone
confers the same advantage in surgery for Cushing’s
disease. The identification of disease markers offers
powerful future possibilities. Serum calcitonin in med-
ullary thyroid cancer, thyroglobulin in thyroid cancer,
and prostate specific antigen have been noted earlier.
More are needed.

8 IMAGING

The development of CT and MRI scanning is taken for
granted because we use them every day, but these have
been amazing advances over classical radiology. Even
the coronary arteries can now be examined by such
techniques. This approach, as well as other new nonin-
vasive methods, will certainly be extended to a variety of
additional sites and organs.

Isotopic scintigraphic methods that permit the iden-
tification of the anatomical site and function of primary
tumors and metastatic disease are becoming increas-
ingly useful in distinguishing benign from malignant
tumors. Molecular serum and cellular markers with
high-resolution noninvasive or invasive imaging make
it possible to diagnose and localize endocrine tumors
and nonneoplastic hypersecretory states of the adrenals
and pancreas.

Ultrasound is invaluable in the preoperative diagno-
sis of pancreatic and adrenal lesions. The intraoperative
use of ultrasound can effectively guide the surgical
excision of adrenal tumors. In addition, laparoscopic
ultrasound can successfully identify lesions deep within
the parenchyma of the pancreas, such as islet cell ade-
nomas. Intraoperative use of ultrasound for localization
of tumors in the adrenal, pancreas, and liver during
celiotomy or laparoscopy has virtually eliminated pre-
operative angiography and transportal selective venous
sampling with their inherent risks.

The use of scintigraphy for the imaging and locating
of parathyroid tumors has become the standard of care.
PET and octreotide scans are becoming routine in the
management of a variety of malignancies.
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Indeed, the accuracy of imaging (CT, MRI, and
ultrasound) has advanced to the point that masses are
revealed that do not have clinical significance (‘‘inci-
dentalomas’’), with the accompanying danger of unnec-
essary surgical procedures. Does every nonpalpable
thyroid nodule require intervention? At what point
should incidental nodules in the adrenal or kidney be
removed? The parameters to decide when intervention is
required are still being developed.

Real-time imaging using sonography and scintigra-
phy has made a great impact on everyday medicine.
Equipment has beenminiaturized and the images greatly
improved. These modalities make more accurate needle
biopsies possible. They have dramatically influenced the
information available to the surgeon, many of whom
perform the imaging themselves in their offices or at the
operating table, for example, as an aid in exploration
for parathyroid adenomas or pancreatic lesions.

9 NEEDLE BIOPSIES

Surgeons and physicians have become more aggressive
at obtaining needle aspirates from diverse sites, includ-
ing the thyroid, adrenal, breast, pancreas, lung, liver,
and even parathyroids. Nevertheless, most of these
samples continue to rely on crude morphological
descriptions of the cell types obtained.While sometimes
the diagnosis can be confirmed by immunoassay of the
aspirate or immunohistochemical assessment (e.g., val-
idation of a parathyroid adenoma by the presence of
PTH), such an approach in the absence of specific
cancer antigens has been limited. We badly need a
technological revolution in the examination of cell
aspirates that will utilize the molecular techniques that
are becoming available. Needle aspiration biopsies can
allow the amplifications of all the genomic and
expressed genes present in the sample. Specific amplifi-
cation of DNA and RNA by the polymerase chain
reaction (PCR) now permits the amplification of known
genes (DNA) and/or the expressed genes (RNA) present
in the samples. This approach should provide a more
scientific assessment of many biopsies. T-cell receptors
and many other genes have been amplified in this way
from tissue aspirates, but the diagnostic applications of
these initial attempts have yet to be exploited.

10 BIOINFORMATICS AND IMAGE

TRANSFER

Transmission of images on the Internet and robotic
surgery loom large in the foreseeable future as methods

of enormous capability. All our information is now on
the computer. We no longer have x-ray films; we just
consult the screen. Laboratory results are available
instantly. You can look up the last 500 patients with
hypercalcemia at the push of a button. Information is
available in vast quantities and with ease. What is more,
you can see all this in your home office or on your laptop
while traveling. Such changes have engendered new
ways of investigating and managing many diseases
and have raised patient’s expectations. The information
can be made useful at remote locations. Long-distance
consultations are readily available. The performance of
surgery by robotic methods makes it possible for the
operating surgeon to be a continent away.

11 NEW SURGICAL TECHNIQUES

There have been many improvements in surgical tech-
niques, but there is little doubt that the horizon has
expanded with the miniaturization of instrumentation,
the availability of large screen displays to view surgery
as it is performed, and the expanding use of endoscopic
methods with video cameras that provide great magni-
fication. Whether it means operating on the pituitary
gland with miniature instruments under magnification
via an endoscope 3 mm or less in diameter, using
endoscopic techniques to remove a thyroid nodule, or
performing and intestinal bypass for obesity, the so-
phistication of these approaches is astounding. And
there is more to come. We have certainly not reached
the limits of miniaturization, and the promises of in situ
scanning and in situ malignant cell identification remain
to be exploited.

The endocrine glands, often small in size, are espe-
cially suited to the use of endoscopic techniques. These
glands secrete hormones that sustain our metabolism;
derangements can have devastating effects. Tumors of
the pituitary and parathyroid glands as small as several
millimeters can be responsible for severe illness.

Themodest size of many endocrine tumors facilitates
removal by endoscopic approaches. Many are benign
and therefore suitable for removal by enucleation or
resection. Frequently no reconstruction is required.
Endoscopes a few millimeters in diameter are available
for these procedures and can be combined with an
operating microscope. The magnification that these
instruments offer makes the surgery easier and safer.
It is possible to employ innovative anatomical ap-
proaches such as a nasal approach to the pituitary
through the sphenoid bone or a retroperitoneal endo-
scopic approach to the adrenal tumors. Minimally
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invasive surgery has become the standard of care for
benign adrenal tumors and nonmalignant tumors of the
distal pancreas.

12 THE FUTURE

In early years an exploration for hyperparathyroidism
was a trying and difficult affair requiring a long and
extensive search for enlarged parathyroid glands that
might, or might not, be in their normal location. It was
not unusual for the diagnosis to be wrong because it was
made based on clinical features that frequently over-
lapped other conditions. No biochemical confirmatory
test was available. There were many disheartening out-
comes to the surgery.

Compare that to what is at hand today. The diagno-
sis is easily established with precise accuracy by immu-
noassay of PTH. The location of the diseased gland is
now frequently known preoperatively, using scintigra-
phy, ultrasound, MRI with gadolinium, CT scanning,
or selective venous sampling for reexplorations—a
range of choices previously unknown. The surgery is
performed through minimal incisions or even via an
endoscope. It can be performed under local anesthesia,
if desired. When an abnormal gland is excised, a rapid
parathormone assay can establish cure while the patient
is still on the operating table.

Fear of surgery has diminished; expectations of
patients and their physicians have increased. It appears

that surgeons have mostly delivered. Progress in surgi-
cal techniques is likely to continue. Benign prostatic
hypertrophy is now being treated with microwaves,
often removing the need for surgery. Hormone replace-
ment by tissue preservation and stem cell transplanta-
tion will eventually become a reality.

The development of robotic techniques and ad-
vanced intraoperative imaging, together with continu-
ing progress in miniaturization, are all in play at this
time without even considering the likely advances in
transplantation. Robotic surgery is in its infancy offer-
ing a huge potential to make quality precision surgery
available throughout the world. New computer-en-
hanced surgical systems, which use sensitive remote-
controlled surgical instruments, guided by a surgeon
who may be miles away at a computer keyboard, are
rapidly evolving in the field of cardiac and abdominal
surgery. Adrenalectomies and partial resections of the
pancreas have already been performed using these
devices. These systems also permit the availability of
expertise, by remote control, to use virtual reality in the
teaching of operative procedural techniques and pre-
paring new surgeons for rare situations and challenges.

The future is bright!

Terry F. Davies, M.D., F.R.C.P.
Arthur E. Schwartz, M.D., F.A.C.S.
Demetrius Pertsemlidis, M.D., F.A.C.S.
Michel Gagner, M.D., F.A.C.S., F.R.C.S.C.
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Sweden

David C. Aron, M.D., M.S. Professor, Medicine and
Epidemiology and Biostatistics, Division of Clinical
and Molecular Endocrinology, Department of Medi-
cine, Case Western Reserve University School of Medi-
cine, and Center for Quality Improvement Research,
Louis Stokes Department of Veterans Affairs Medical
Center, Cleveland, Ohio, U.S.A.

Ahmad Assalia, M.D. Division of Minimally Invasive
Surgery, Department of Surgery, Mount Sinai School
of Medicine, New York University, New York, New
York, U.S.A.

Maha T. Barakat, M.B.B.Chir., M.A., Ph.D.,

M.R.C.P. Clinical Lecturer, Division of Investigative
Science, Department of Metabolic Medicine, Imperial
College London, London, England

Angela R. Berning, M.D. Fellow in Body MRI, De-
partment of Radiology, Mount Sinai School of Medi-
cine, New York University, New York, New York,
U.S.A.

Piero Berti, M.D. Department of Surgery, University
of Pisa, Pisa, Italy

Laurent Biertho, M.D. Department of Abdominal
Surgery, Les Cliniques Saint Joseph, Liege, Belgium

John P. Bilezikian, M.D. Professor of Medicine and
Pharmacology and Chief, Division of Endocrinology,
College of Physicians and Surgeons, Columbia Univer-
sity, New York, New York, U.S.A.

Stephen R. Bloom, M.A., M.D., D.Sc., F.R.C.Path.,

F.R.C.P, F.Med.Sci. Professor of Medicine, Division
of Investigative Science, Department of Metabolic
Medicine, Imperial College London, London, England

H. Jaap Bonjer, M.D., Ph.D. Professor, Department
of Surgery, Erasmus Medical Center, Rotterdam, The
Netherlands

Margaret Brandwein-Gensler, M.D. Associate Profes-
sor, Department of Pathology, Mount Sinai School
of Medicine, New York University, New York, New
York, U.S.A.

Christine A. Chu, M.D. Bay Area Surgical Associates,
Inc., and John Muir/Mount Diablo Health System,
Walnut Creek, California, U.S.A.

Terry F. Davies, M.D., F.R.C.P. Florence and Theo-
dore Baumritter Professor and Director, Division of
Endocrinology, Diabetes and Bone Diseases, Depart-
ment of Medicine, Mount Sinai School of Medicine,
New York University, New York, New York, U.S.A.

Stephen E. Dolgin, M.D. Professor and Chief, Pediat-
ric Surgery, Department of Surgery, Mount Sinai
School of Medicine, New York University, New York,
New York, U.S.A.

xv



Laura Bertani Dziedzic, Ph.D. Clinical Assistant Pro-
fessor, Department of Medicine, Mount Sinai School
of Medicine, New York University, New York, New
York, U.S.A.

Stanley Walter Dziedzic, M.D., Ph.D. Clinical Assist-
ant Professor, Department of Medicine, Mount Sinai
School of Medicine, New York University, New York,
New York, U.S.A.

Guido Eibl, M.D. Associate Researcher, Division of
General Surgery, David Geffen School of Medicine at
UCLA, Los Angeles, California, U.S.A.

Stephen G. Farrell, M.B.B.S., F.R.A.C.S. Visiting
Medical Officer, Department of Surgery, University of
Melbourne, and Endocrine Surgery Unit, St. Vincent’s
Hospital, Melbourne, Australia

Sander S. Florman,M.D. Assistant Professor, Depart-
ment of Surgery, Recanati/Miller Transplantation In-
stitute, Mount Sinai School of Medicine, New York
University, New York, New York, U.S.A.

J. Lester Gabrilove, M.D. Florence and Theodore
Baumritter Professor of Medicine Emeritus, Division
of Endocrinology, Diabetes andBoneDiseases, Depart-
ment of Endocrinology, Mount Sinai School of Medi-
cine, New York University, New York, New York,
U.S.A.

Michel Gagner, M.D., F.A.C.S., F.R.C.S.C. FranzW.
Sichel Professor of Surgery, Chief, Division of Laparo-
scopic Surgery, Director, Minimally Invasive Surgery
Center, Mount Sinai School of Medicine, New York
University, New York, New York, U.S.A.

Jeffrey P. Goldman, M.D. Assistant Professor, De-
partment of Radiology, Mount Sinai School of Medi-
cine, New York University, New York, New York,
U.S.A.

John R. Gosney, D.Sc.,M.D., F.R.C.Path. Consultant
Thoracic Pathologist, Honorary Reader in Thoracic
Pathology, Department of Pathology, Royal Liverpool
University Hospital, Liverpool, England

Loukas Gourgiotis, M.D. Clinical Endocrinology
Branch, National Institute of Diabetes and Digestive
and Kidney Diseases, National Institute of Health,
Bethesda, Maryland, U.S.A.

Sydney S. Guo, M.D. Resident, Department of Sur-
gery, West Los Angeles Veterans Administration Hos-
pital and David Geffen School of Medicine at UCLA,
Los Angeles, California,U.S.A.

Richard S. Haber, M.D. Associate Professor of Med-
icine, Division of Endocrinology, Diabetes and Bone
Diseases, Department ofMedicine,Mount Sinai School
of Medicine, New York University, New York, New
York, U.S.A.

Per Hellman, M.D., Ph.D. Associate Professor, De-
partment of Surgery, University Hospital, Uppsala,
Sweden

Jean-François Henry, M.D. Professor, Division of
General and Endocrine Surgery, Hôpital de la Timone,
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Molecular Endocrinology

Nicholas J. Sarlis* and Loukas Gourgiotis

National Institute of Health, Bethesda, Maryland, U.S.A.

1 INTRODUCTION

Molecular endocrinology is the domain of biomedical
science focused on the study of mechanisms underlying
(1) hormone synthesis and secretion, (2) hormone
action, (3) the ontogenesis of the endocrine system,
and (4) the pathogenesis of various endocrine disorders
at the cellular, molecular, and genetic levels. Hormones
are defined as molecules synthesized and secreted by
specialized cells within the endocrine organs, diffuse
cellular groups with endocrine function (e.g., the neuro-
peptide-producing cells within the gastrointestinal tract
and the bronchial tree), or—in selected cases—other
nonendocrine organs [e.g., erythropoietin (EPO) secre-
tion from the renal cortex and atrial natriuretic peptide
from cardiacmyocytes] (1). Hormones exert their action
(1) at a distance from their site of origin after their
release into the circulation and eventual access to target
cells (endocrine action), (2) upon adjacent cells ( para-
acrine action; e.g., the effects of cortisol on catechol-
amine production by the adrenal medulla), or (3) upon
cells that themselves have produced the relevant hor-
mone (autocrine action; e.g., the inhibitory effect of
h-endorphin upon secretion of proopiomelanocortin

cleavage products by the anterior pituitary cortico-
trophs) (1,2). The traditional concept of hormones as
intercellular signaling molecules has been expanded to
include substances produced in the nervous and
immune systems. Indeed, neurons secrete molecules
acting as local hormones, while several hormones act
as neurotransmitters or neuromodulators. In a similar
fashion the immune system shares molecules with the
endocrine system, whereas an ever-increasing number
of immune peptides is shown to influence endocrine
function (3).

At the crux of the endocrine system control lie the
concepts of positive and negative feedback (4). Negative
feedback denotes that a specific consequence of hor-
mone action is the inhibition or attenuation of further
hormone secretion [e.g., the negative effect of cortisol on
hypothalamic corticotropin-releasing hormone (CRH)
and pituitary adrenocorticotropin (ACTH) secretion].
The much rarer positive feedback denotes that the
consequence of hormone action is the enhancement
of further hormone secretion (e.g., cervical dilatation
during labor strongly and continuously stimulates oxy-
tocin secretion from the posterior pituitary). Both above
apparently ‘‘simple’’ mechanisms of endocrine regula-
tion in the context of the whole organism are mediated
at the cellular level by a complex network of inter-
connecting signals from hormones, their receptors,
and ‘‘downstream’’ effector pathways.

The relationship between endocrine surgery and
molecular endocrinology is founded upon several prin-
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ciples. Indeed, surgical intervention is frequently indi-
cated for disorders, the manifestations of which stem
from specific defects at the molecular or cellular level.
Selected examples include (1) removal of hypercellular
parathyroid glands, pituitary and pancreatic tumors in
patients with multiple endocrine neoplasia type 1
(MEN1), caused by mutations in the menin gene, (2)
total thyroidectomy or adrenalectomy in patients with
MEN2 at risk for medullary thyroid cancer and pheo-
chromocytoma due to RET proto-oncogene activation,
and (3) extirpation of toxic thyroid adenomas. Addi-
tionally, the acquisition of an adequate knowledge basis
in molecular endocrinology is of cardinal importance
for the surgeon-researcher, as it can help considerably in
the design of rational basic and clinical studies. This is
exemplified by the surgical research efforts in the
domain of gene therapy for endocrine malignancies (5)
and the development of techniques for xenotransplan-
tation of pancreatic islet h-cells for the treatment of type
1 diabetes mellitus (T1DM) (6).

In this chapter, we will describe the fundamental
concepts of hormone action via their cognate receptors,
with emphasis on the processes leading from a specific
molecular defect to a human disease phenotype.

2 MECHANISMS OF HORMONE ACTION

Hormones exert their actions by binding to specific
receptors, which show high specificity and affinity for
their cognate ligands. A hormone can be either an
agonist—when its binding to the cognate receptor acti-
vates ‘‘downstream’’ cellular effector mechanisms—or
an antagonist—when hormone binding to the receptor
site prevents activation of the aforementioned mecha-
nisms. Of note, partial agonists also exist, i.e., a hor-
mone can act as an agonist at its specific receptor site
only in the absence of a more potent ligand, while it acts
as an antagonist in the presence of such a ligand (1).

As a general principle, the magnitude of target tissue
responses to a specific hormone signal depends on (1) the
concentration of the hormone, (2) the number of target
cells exhibiting functional receptors, and (3) the inherent
sensitivity of the target cells to hormonal stimulation.
The latter, in turn, depends mainly on the number of
functional receptors expressed, the affinity of these
receptors for the cognate ligand, and the specific post–
receptor effector mechanisms that are responsible for
transduction of the hormonal signal (7). The most com-
monly used parameter to reflect the sensitivity of a target
tissue to a given hormone is the concentration of that
hormone needed to achieve half-maximal response.

Similarly, the affinity of the receptor for a givenhormone
is defined as the concentration of that hormone needed
to occupy 50%of its cognate receptors within the tissue/
cell under consideration (8). Importantly, hormones are
capable of achievingmaximal physiological responses in
target tissues, even when only a small percentage of re-
ceptors are occupied therein, e.g., the muscle uptake of
glucose stimulated by insulin becomes maximal when
only 2% of insulin receptors are occupied. The above
example denotes the principle of ‘‘spare receptors.’’
Because of the presence of the latter in various tissues,
the concentration of a given hormone needed to produce
half-maximal responses is less than that needed to sat-
urate half of its cognate receptors (9). The above phe-
nomenology usually leads in sigmoid type curves for the
graphic description of the relationship between hor-
mone concentration and physiological effect; however,
the exact position and shape of these curves aremodified
by several factors, depending on the particular hormone
action system or target tissue under study (Fig. 1).

The mechanisms of hormone action can be classified
into two major categories those mediated by plasma
membrane receptors, which have a predilection for
hydrophilic hormones, and those mediated by intra-

Figure 1 Percent of maximal biological response as a

function of hormone concentration in a representative
receptor-dependent cell system. Various factors can modu-
late the level of hormonal response and move the sigmoid
dose-effect curve to the left or the right. The % receptor

occupancy as a function of hormone concentration for a
given total number of hormone receptors per cell can also be
depicted by a similar graph.
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cellular receptors, which have a predilection for lipo-
philic hormones. Although the vast majority of hor-
mone receptors are peptidic in nature, some plasma
membrane receptors are glycolipids (10).Many receptor
proteins can undergo posttranslational modifications
(glycosylation, phosphorylation, myristoylation, etc.)
that are occasionally extensive (11).

Mutations of specific hormone receptors have been
shown to be responsible for a variety of endocrine
diseases. Generally, there are two types ofmutations (1):

1. Gain-of-function (activating) mutations, where-
by the receptor becomes constitutively active and
leads to unregulated stimulation of post–recep-
tor effector mechanisms in a ligand-independent
fashion

2. Loss-of-function (inactivating) mutations,
whereby the receptor is unable to perform its
usual function because it may be absent, unable
to bind to its ligand, or unable to activate post–
receptor effector mechanisms

Specific examples of diseases caused by receptor-
activating or -inactivating mutations will be provided
in the following sections.

2.1 Plasma Membrane Receptors

Hydrophilic (mainly peptidic) as well as a few lipophilic
hormones (e.g., melatonin and eicosanoids) exert their
action by binding to plasmamembrane receptors. These
receptors share a general common structure: they have
an extracellular domain that binds to the hormone, one

or several transmembrane domains (TMDs) (usually an
a-helix comprised of hydrophobic amino acid residues),
and an intracellular domain that is responsible for the
transduction of the hormonal signal to ‘‘downstream’’

effector mechanisms upon ligand binding. There are
three main classes of plasma membrane receptors: G-
protein–coupled (GPCRs), enzyme coupled, and ion
channel coupled (1). The features of these classes are
summarized in Table 1.

2.1.1 G-Protein–Coupled Receptors

G-protein–coupled receptors represent the largest fam-
ily of plasma membrane receptors. They are activated
by a variety of ligands of both peptidic and nonpeptidic
nature, including ‘‘classical’’ hormones, neurotransmit-
ters, growth factors, odorant molecules, and light.More
than 1% of the human genome encodes approximately
1500 different GPCRs. These receptors constitute the
target of more than 50% of the therapeutic agents
currently in clinical use (12).

GPCRs share a common structure, as they all are
single polypeptide chains with seven a-helical TMDs
(Fig. 2) (13). Their name stems from the fact that they
interact with heterotrimeric, guanosine triphosphate
(GTP)–binding regulatory proteins, which relay signals
from the cell surface to ‘‘downstream’’ intracellular
effector mechanisms. Each G-protein consists of an
a-subunit and a hg-subunit dimer. Mammalian a-sub-
units can be categorized into four distinct classes,
depending on their amino acid sequence and presumed
evolutionary distance: (1) as and aolf, (2) at1, at2, agust,

Table 1 The Main Classes of Plasma Membrane Hormone Receptors

Receptor class Receptor conformation Receptor subtypes Examples

G-protein–coupled 7-transmembrane domain Numerous; depending on
subtype of Ga protein

ACTHR; FSHR; LHR; TSHR;
GHRHR; TRHR; adrenergic Rc’s
(a1, a2, h); glucagon Rcs;

Ca2+-sensing Rcs; V2-vasopressin Rcs
Enzyme coupled Single TMD Receptor tyrosine kinases

TK-associated receptors
Serine threonine kinases

Insulin rc; Rcs for various growth
factors

Cytokine Rcs; GHR; PRLR; leptin rc
Rcs for the TGFh superfamilya

Ion channel–coupled Ligand-gated ion channel
complex (usually pentameric)

N/A Numerous; mainly relevant to neuro-
transmission/neuromodulation; SUR1

of endocrine interesta

ACTH: adrenocorticotropin; FSH: follitropin; GH: growth hormone; GHRH: growth hormone–releasing hormone; GPCR: G-protein–coupled

receptor; LH: luteinizing hormone; N/A: not applicable; PRL: prolactin; Rc: receptor; RTK: receptor tyrosine kinase; STK: serine/threonine

kinase; SUR1: sulfonylurea receptor type-1; TGFh: transforming growth factor-h; TMD: transmembrane domain; TRH: thyrotropin-releasing

hormone; TSH: thyrotropin.
a For details, please refer to text.
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ai1,ai2,ai3,a0, andaz, (3)aq,a11,a14, anda15/16, and (4)
a12 and a13. Tissue expression varies vastly among the
above types, with some being ubiquitously expressed
(as, ai2, aq, a11, a12, and a13) and others exhibiting
specific tissue expression (14). Similar diversity is
observed for the h- and g-subunits: there are at least
four distinct transcript variants for the h-subunit gene
and at least as many for the g-subunit (15). The type of
a-subunit defines the role of the G-protein by activating
a different effector mechanism. In the resting state, G-
proteins bind guanosine diphospate (GDP) via their a-
subunit, while the three subunits (a-, h-, and g-) are
tightly bound in a trimer configuration. Upon binding
of the ligand, GDP is dissociated from the a-subunit
and replaced by GTP, thus leading to dissociation of
the a-subunit from the h- and g-subunits, and the
formation of an active a-subunit. The latter binds to
‘‘downstream’’ effectors and modulates their action.
The a-subunit possesses intrinsic GTPase activity,
hydrolyzing the bound GTP to GDP, and thus render-
ing itself inactive. In that state, the a-subunit is able to
reassociate with the h- and g-subunits, rendering the
conformation of the ahg complex to its inactive state
and terminating the action of the ligand (16).

The above system has been recently shown to be
significantly more complicated, as it involves (1) RGS
proteins (regulators of G-protein signaling), which

accelerate the hydrolysis of GTP to GDP leading to
termination of the hormone signal (17), (2) receptor
phosphorylation, which rapidly attenuates early signal
transduction by receptor desensitization (18), and (3)
receptor downregulation, i.e., the reduction in the num-
ber of receptors after long-term exposure to agonistic
ligands, which occurs via decreased synthesis or
increased degradation of these receptors (18).

Both germline and somatic mutations of G-proteins
or GPCRs have been described in a variety of human
diseases (19), and their role has also been implica-
ted in carcinogenesis and cardiovascular disease.
Examples include:

1. Gain-of-function mutations (with resultant de-
fective termination of signal): pituitary, thyroid
(20), adrenal and ovarian adenomas (21,22),
McCune-Albright syndrome (23), familial male
precocious puberty (24), autosomal dominant
hypoparathyroidism (25), and essential hyper-
tension (16)

2. Loss-of-function mutations (resulting in absent
or inactive Ga protein): pseudohypoparathy-
roidism type-Ia, pseudo-pseudohypoparathyroi-
dism (26), night blindness, retinitis pigmentosa
(22,27), familial hypercalcemic hypocalciuria,
and severe neonatal hyperparathyroidism (28)

2.1.2 Enzyme-Coupled Receptors

Receptors belonging to this group either have intrinsic
enzymatic activity or are directly bound to an enzyme,
though importantly without the intervention of a sub-
membrane G-protein system. They are usually single
TMD proteins and often form dimers with each other,
either upon ligand binding or spontaneously.

Receptor Tyrosine Kinases. The ligands for these
receptors include insulin and various growth factors
(GFs) (1). They have intrinsic tyrosine kinase (TK)
activity and phosphorylate tyrosine residues. These
receptors can also undergo autophosphorylation. The
latter modification provides docking sides for other
proteins, which become bound to the receptor and thus
activate themselves (29). Examples include the various
insulin receptor substrates (IRSs), phospholipase C-g
(PLC-g), phosphatidylinositol 3-kinase (PI3K), and the
GTPase-activating proteins (GAPs) (30–33). These
molecules constitute the first step of complex intra-
cellular pathways via which ligands exert their actions.

The relevance of this type of receptors and their
cognate ‘‘downstream’’ intracellular signaling mole-
cules for human disease cannot be overemphasized.

Figure 2 Schematic structure of the TSH receptor as a

prototype of the G–protein–coupled heptahelical transmem-
brane domain (TMD) receptors. TMDs are designated in
Latin numbers.
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Indeed, mutations in the insulin receptor can affect
differentially its synthesis, transport to plasma mem-
brane, capacity for insulin binding, transmembrane
signaling or its degradation, thus resulting in type A
insulin resistance. It is estimated that approximately
1% of patients with type 2 diabetes mellitus (T2DM)
may carry germline mutations of the insulin receptor
gene (14).

TK-Associated Receptors. The ligands for the
receptors in this group include growth hormone (GH),
prolactin (PRL), leptin, various interleukins (ILs),
EPO, granulocyte-macrophage colony-stimulating fac-
tor(GM-CSF), and granulocyte colony-stimulating
factor (type I TK-receptor subclass), as well as interfer-
ons (IFNs)-a, -h, and -g (type II receptor subclass) (34).
The structure of TK-associated receptors is similar to
that of the previous group (RTKs), with the exception
that they lack the intrinsic TK activity within their
intracellular domain. Instead, in this case, ligand bind-
ing leads to activation of ‘‘downstream’’ intracellular
TKs. The main signaling pathway activated by this
class of receptors is known as the ‘‘Jak-STAT path-
way,’’ which includes phosphorylation and activation
of Janus kinases (Jak). The latter subsequently phos-
phorylate and activate one of the signal transducer
and activator of transcription (STAT) proteins, even-
tually resulting in the regulation of transcription of
specific genes (35,36).

The clinical relevance of these receptors in endocri-
nology becomes apparent by the following: mutations
in the leptin receptor are a well-recognized, albeit rare,
cause of human obesity (37), and loss-of-function
mutations in the GH receptor gene result in Laron
dwarfism (38).

Serine/Threonine Kinase Receptors. The ligands
for this group of receptors are members of the trans-
forming growth factor-h (TGF-h) superfamily, which
play a significant role during embryonic development
and adult tissue homeostasis. Representative mem-
bers of this superfamily of ligands include TGF-h,
activin, bone morphogenetic proteins, several growth
and differentiation factors, and anti-Mullerian hor-
mone (39). Serine/threonine kinase (STK) receptors
consist of a single TMD with STK activity within
their intracellular part, which is activated upon
receptor dimerization. Two types (I and II) of STK
receptors have been described, the only known func-
tion of type II receptors being the activation of type
I receptors via phosphorylation (40). The ‘‘down-
stream’’ signal transduction cascade includes acti-
vation (via phosphorylation) of cytoplasmic SMAD

(�1 to�8) proteins, which then translocate to the cell
nucleus and regulate specific gene transcription. The
acronym SMAD is derived from the initially de-
scribed members of this protein family, i.e., the C.
elegans protein SMA (‘‘small body size’’) and the
Drosophila protein MAD (‘‘mothers against decap-
entaplegic’’) (41). The STK receptor-dependent sig-
naling system is under tight control by multiple other
intracellular regulators, as this pathway is not only
relevant to transduction of selected hormonal sig-
nals, but has been also been closely implicated in the
initiation and promotion of tumorigenesis. Indeed,
loss of the cell growth inhibition induced by TGF-h
leads to tumor formation in several in vitro models
(42), while SMAD-3 inactivation in the mouse has
been shown to promote the development of meta-
static colonic carcinoma (43).

2.1.3 Ion Channel–Coupled Receptors

Ion channels control the flux of specific ions across the
plasma membrane. These channels can be either volt-
age-gated (i.e., ionic flux through them is regulated by
charge gradients across the cell membrane) or ligand-
gated (i.e., the flux is regulated by the binding of specific
ligands to the channel itself or proteins associated with
it). Members of the latter group include the nicotinic
cholinergic, g-aminobutyric acid (GABA), glutamate,
glycine, and kainic acid receptors (1).

Ion channel–coupled receptors share a common
general structure as they consist of a five-subunit com-
plex (two a and one h, g, and y). Each subunit resembles
the GPCRs, in that it consists of an extracellular, four
transmembrane, and one short intracellular domains.
Interestingly, some of the ligand-gated ion channel–
coupled receptors utilize G-proteins for further signal
transduction (1). No bona fide endocrine disorder has
yet been associated with defects in a ion channel-
coupled hormone receptor; however, mutations in sul-
fonylurea receptor-1 (SUR1), which in association with
the Kir6.2 complex constitutes the functional ATP-
sensitive potassium channel of the pancreatic h-cell,
have been recently linked to persistent hyperinsulinemic
hypoglycemia of infancy (44).

2.2 Intracellular Receptors

Intracellular receptors are not bound to the plasma cell
membrane; instead, they reside either in the cytoplasm
(cytoplasmic receptors, e.g., the receptors for mineralo-
corticoid and glucocorticoid hormones) or in the cell
nucleus (nuclear receptors, e.g., the receptors for pro-
gesterone and estrogens) (45). Intracellular receptors
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bind ligands that easily penetrate the cell membrane.
The most important members of this group are the
receptors for the steroid-thyroid hormone superfamily,
which also includes compounds such as retinoids, eico-
sanoids, and the long-chain fatty acids (LCFAs) (1).
The features of the members of the above superfamily
are summarized in Table 2. All above ligands have a
profound effect on homeostasis, growth, reproduction,
and organism behavior. The effects of hormones that
bind to intracellular receptors are mediated by the
interaction of these receptors (in their liganded form)
with DNA and a wide variety of other nuclear pro-
teins, e.g., the trascription pro-initiation complex, lead-
ing to regulation of transcription of specific target
genes (46).

Intracellular receptors have been found to share a
common structure, shown schematically in Figure 3A.
Further, certain receptor regions are highly evolution-
arily conserved among different receptor types and
subtypes. As a rule, each intracellular receptor consists
of four parts: (1) an N-terminal region that serves as
a transactivation domain [transactivation function
(TAF)-1] and controls gene transcription, (2) a cen-
tral, highly conserved, DNA-binding domain (DBD),
(3) a short ‘‘hinge’’ region, and (4) a C-terminal
ligand-binding domain (LBD), which also contains
amino acid sequences mediating receptor dimeriza-

tion, nuclear localization, and subsequent transactiva-
tion (TAF-2) (47).

Inactive [unbound to ligand (or unliganded)] cyto-
plasmic intracellular receptors exist in molecular com-
plexes with other proteins, such as heat shock
proteins (hsps) and immunophilin/p59 (48,49). Ligand
binding causes a conformational change in the recep-
tor, its disassociation from the above proteins, recep-
tor homo- or hetero-dimerization, and entrance into
the nucleus. Once inside the nucleus, the ligand-
receptor complex binds to specific DNA areas, called
hormone response elements (HREs), which are loca-
ted in the promoter regions of hormone-responsive
genes, and modulates their transcription via a com-
plex interaction with intranuclear transcription factors
(Fig. 3B) (50).

It is worth emphasizing the following points:

1. Intracellular receptors can be activated inde-
pendently of their ligands (possibly through
receptor phosphorylation) (51).

2. Cross-talk exists between ‘‘downstream’’ effec-
tor systems transducing signals derived from
plasma membrane receptors and intracellular
receptors (52).

3. Steroid and thyroid hormones can also exert
nongenomic (usually rapid-onset) actions (53).

Table 2 The Main Classes of Intracellular Hormone Receptors

Receptor classification Receptor Ligands hsp association

Steroid/thyroid
hormone superfamily

Type-I Rc families Glucocorticoid Rc (GR)
-a, -h types

cortisol, corticosterone, aldosterone,
progesterone, DOC

Yes

Mineralocorticoid Rc (MR) aldosterone, DOC, cortisol Yes

Progesterone Rc (PR) A- and
B-types

progesterone Yes

Androgen Rc (AR) dihydrotestosterone, testosterone,

androstenedione, DHEA

Yes

Type II Rc families Estrogen Rc (ER) -a, -h types estradiol, estrone, estriol Yes
Vitamin D Rc (VDR) 1,25 (OH)2-vitD3 No
Thyroid hormone rcs (TRs)

-a, -h subfamilies

T3, T4 No

Retinoid rcs (RAR, RXR)
-a, -h, -g subfamilies

9-cis-retinoic acid, all-trans-retinoic acid No

RevErb/ROR
superfamily
PPAR family PPARs -a, -g, -y subfamilies 15D-PGJ2, PGI2, DHEA-S, LCFAs No

DHEA (-S): dihydroepiandrosterone (sulfate); DOC: deoxycorticosterone; Hsp: heat shock protein; LCFAs: long-chain fatty acids; PPAR:

peroxisome proliferator-activated receptor; PG: prostaglandin; RAR: retinoic acid receptor; RXR: retonoid-X receptor; rc: receptor; T3:

triiodothyronine; T4: thyroxine.
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We will offer a brief discussion of one of the sub-
classes of the intracellular receptor superfamily, the
peroxisome proliferator-activated receptors (PPARs),
primarily because of their impact in the pharma-
cological treatment of T2DM. PPARs (-a, -g, and -y)
were initially discovered as ‘‘orphan’’ receptors, i.e.,
receptors with no known ligand at that time. Subse-
quently, a variety of LCFAs and eicosanoids were
found to be endogenous ligands for this type of recep-
tors (54). Among them, PPAR-g is the most extensively
studied. PPAR-gs are abundant in adipose tissue and
skeletal muscle and have been shown to promote adipo-
genesis. The synthetic PPAR-g ligands thiazolidine-
diones (TZDs) increase insulin sensitivity and glucose
uptake in diabetic individuals, although the specific
target tissues of TZDs and the mechanism of decrease
in insulin resistance remain unknown (55). Finally,
PPAR-gs have been implicated in tumorigenesis: a
recent study suggested that PPAR-gs have a tumor
suppression function in human colon (56), whereas
favorable responses have been observed in men with
metastatic prostatic cancer treated with TZDs (57).

Notably, mutations of steroid hormone receptors are
responsible for a variety of human diseases. Loss-of-
function mutations in the androgen receptor are the
basis for testicular feminization or androgen insensitiv-
ity syndromes (58). Similarly, inactivating mutations of
the vitamin D receptor and thyroid receptor-h cause
vitamin D–resistant rickets type II (59) and the syn-
drome of resistance to thyroid hormone (60), respec-
tively. Qualitative and/or quantitative defects in the
glucocorticoid receptor are associated with primary
sporadic or familial glucocorticoid resistance (61).

3 CONCLUSION

Molecular endocrinology is a continuously evolving
field. In this chapter, we have described the schemes of
hormone action and signaling in a general fashion. It is
evident that complex intricacies exist within each step of
the pathways of expression and action of hormones,
including the regulation of their secretion, modifica-
tion(s) of their molecular structure, interactions with

Figure 3 (A) Schematic representation of the structure of intracellular receptors. The following domains are identified: N-
terminal/immunogenic (containing the TAF-1 region); DNA-binding (DBD); hinge; and ligand-binding (LBD; containing the

TAF-2 region). (B) A model of transcriptional effects from the activation of the progesterone receptor (PR) as a prototype of
intracellular receptors. Ligand binding leads to PR dimerization and attachment of the resulting complex upon a hormone-
response element (in this case, PRE). This element is located within the nuclear DNA at the promoter region of a target gene. The
PR dimer–PRE complex, via a specific molecular conformation, attracts transcription factors called co-activators, leading to the

assembly and activation of basal RNA polymerase-II (RNA Pol-II) preinitiation complexes and eventually to gene transcription.
The example given pertains to a target gene promoter that contains a defined TATA box; the mechanisms at play are somewhat
different for genes with TATA-less promoters. The (+) symbol denotes activation of a molecular complex or action.
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their cognate receptors, activation of assorted ‘‘down-
stream’’ (postreceptor) pathways of signal transduc-
tion, and, finally, the convergence of such pathways in
the nucleus for the generation of an appropriate homeo-
static genomic response.

Moreover, hormone signaling via different receptor
types should be envisaged as a complex lattice or net-
work, where different ‘‘downstream’’ signals, generated
after hormone receptor activation, interact synchro-
nously or metachronously with each other. This cross-
signaling property of this network of effectors is far
from being fully understood at this time.

Finally, the Human Genome Project has wide impli-
cations for molecular endocrinology, as it not only
provides potential for the identification of the genetic
basis of endocrine diseases, but will most probably
allow a more comprehensive approach to the molecular
basis of hormone synthesis and action. It is only
through such an approach that future advances in the
management of endocrine disorders will be optimally
spearheaded, which of course applies to surgical treat-
ment thereof.
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1 INTRODUCTION

Robots have been in the operating room for approxi-
mately 10 years now, but their use in assisting laparo-
scopic endocrine surgery is very new. This chapter
begins with a review of the history of endocrine surgery
to show how it has evolved to include the use of surgical
robots. Next we will describe the different types of sur-
gical robots, and finally we will review the published
data on robot-assisted laparoscopic adrenalectomies.

2 HISTORY OF ENDOCRINE SURGERY—

FROM OPEN CASES TO ROBOTICS

The field of endocrine surgery encompasses a wide
number of operations for diseases of the thyroid, para-
thyroid, pituitary, pancreas, adrenal, as well as breast,
and gonadal glands. The history of endocrine surgery
actually began with the social and religious practice of
castration around 380 B.C., but it wasn’t until the
nineteenth century that the therapeutic removal of the
ovaries and testes was performed (1).

The early 1900s marked many of the firsts in endo-
crine surgery. In 1905, Ernest Starling proposed the
term ‘‘hormone’’ from the Greek word meaning ‘‘to
excite,’’ which marked the beginning of the science of
endocrinology. From this point forward, the different
surgical treatments for the various endocrine diseases
would be described. Although the excision of thyroid

goiter was described in the twelfth century, it wasn’t
until the early twentieth century that masters like Emil
Theodor Kocher (1841–1917) of Bern refined the tech-
nique and the traditional open thyroidectomy became
popular. Parathyroid surgery began in 1925 with the
work of Felix Mandl (1892–1957) in Vienna, and in
1926 the first two adrenalectomies were performed by
Cesar Roux (1857–1934) in Lausanne and Charles
Mayo (1865–1939) in Rochester, Minnesota. In 1929
Roscoe Graham (1890–1948) from Toledo successfully
removed a pancreatic insulinoma. Soon after, numer-
ous surgeons began performing endocrine gland exci-
sions around the world. Around this time, Oliver Cope
(1902–1994) of Boston became one of the first surgeons
to treat a large number of patients specifically diag-
nosed with endocrine-related diseases, thus marking the
beginning of the modern-day era of endocrine surgery
(1).

Research and development in endocrine surgery
from the late 1950s through the present time was
focused on refining surgical technique, limiting mor-
bidity and mortality, and increasing postsurgical suc-
cessful outcomes. Today, the main endocrine glands
operated on by general surgeons who specialize in en-
docrine surgery include the thyroid/parathyroid, the
endocrine pancreas, and the adrenal glands, leaving
most of the pituitary and gonad operations for other
specialists (1–3).

Traditional surgical endocrinology is performed
through large incisions, and most of the original sur-
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gical incisions for the various endocrine glands are still
used today. The thyroid and parathyroid glands are
removed traditionally through a small curvilinear inci-
sion approximately 3 cm above the sternal notch. The
adrenals were originally approached through an
abdominal midline incision, and later through a lateral
and then posterior approach. Pancreatic endocrine
tumors once required a large midline incision as well.
While these original incisions allow for optimal expo-
sure and successful removal of the diseased organ, they
tend to subject the patients to lengthy hospital stays,
significant postoperative pain, and in some cases, cos-
metically undesirable results.

By the end of the twentieth century, laparoscopy
was already accepted worldwide for a large number of
operations in general surgery. By minimizing the size
of the skin incisions while still permitting superior
visualization of the operative field, laparoscopy was
proven for certain operations to lessen postoperative
pain, improve cosmesis, and shorten postoperative
hospital stays. It is therefore no surprise that endocrine
surgeons soon adopted laparoscopic and endoscopic
surgical procedures for the treatment of endocrine dis-
ease (4).

Endoscopic endocrine gland surgery has been evolv-
ing for over a decade now, but the specialty first ap-
peared in the literature in 1992 when Gagner and
colleagues published their work with laparoscopic adre-
nalectomies on humans (5). Numerous masters of lapa-
roscopy have improved and refined the technique, and
it is now the recommended gold standard for the treat-
ment of benign adrenal lesions (4,6,7). The feasibility
and safety of laparoscopic distal pancreatectomy was
first reported by Soper and colleagues in a study on a
porcine model in 1994, but the first reported human
cases of a laparoscopically resected pancreatic endo-
crine tumor were by Gagner et al. and Sussman et al.,
both in 1996 (9–11). Laparoscopic pancreatic surgery
now has several applications including roles in staging,
palliation, resection, and drainage procedures (8). Later
that same year, Gagner and colleagues also published
the first few cases of an endoscopic parathyroidectomy
in humans, marking the beginning of endoscopic neck
surgery for endocrine pathology (12).

Asminimally invasive surgery becamemore popular,
surgeons realized some true limitations. Sensory infor-
mation is limited due to lack of tactile feedback and
restriction to a two-dimensional (2D) image. In addi-
tion, compared to the human hand in an open case,
laparoscopic instruments have restricted degrees of
freedom mainly due to the lack of a wrist-like joint in
the instrument tip and the lack of maneuverability due

to a fixed axis point at the trocar (13). Finally, others
have reported inferior ergonomics, increased surgeon
fatigue, and increased surgeon physical stress compared
to routine open surgery (4). Improvements in laparo-
scopic endocrine surgery techniques (specifically thy-
roid/parathyroid and adrenal) are a current topic of
debate but are beyond the scope of this chapter. How-
ever, in trying to improve minimally invasive techni-
ques, many authors have suggested the need for
laparoscopic instruments that could reproduce the
movements of the hand as well as imaging devices that
could reproduce the three dimensions with laparoscopy
(13–17). It is this demand for more improvements in
laparoscopic visualization and instrumentation that has
led to the development of robotics.

The advent of robot-assisted laparoscopic surgery
seems to deal with many of the recognized limitations
of hand-held laparoscopic surgery and will be discussed
later in the chapter. In general, robots reduce the natu-
ral tremor of the human hand, reestablish comfortable
ergonomics, reducing stress and surgeon fatigue, and,
in certain cases, reestablish the three-dimensional (3D)
view of the surgical field. In addition, surgical robots
have the potential to be more precise and permit greater
accuracy when it comes to suturing tasks and careful
perivascular dissections.

Since robotic surgery is still in its infancy, it is no
surprise that at this time there has been no published
work on robotics with the thyroid gland, the parathy-
roid gland, or pancreatic endocrine tumors. On the
other hand, an increasing amount of work is being done
with robotics and adrenal surgery (16,18–22), and for
this reason the remainder of this chapter will focus on
that topic.

3 HISTORY OF ROBOTICS

AND SURGERY

The blending of robotics and surgery is approximately
10 years in evolution. In general, the surgical robot is
necessary to reduce patient risks attributed to inap-
propriate endoscope movements and surgeon tremor
that could increase the difficulty of delicate dissec-
tions. At one point, laparoscopy was performed with
the chief surgeon holding and viewing images directly
through a monocular scope. However, when technol-
ogy permitted the images to be transmitted to an over-
head monitor, a second operator was needed to hold the
laparoscope. Now the surgeon would rely on an assist-
ant to manipulate the camera, which has the potential
to prolong the duration of cases, create unnecessary
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unsteadiness, and possibly increase patient risk during
surgery (15). As early as 1992, reports of robots in the
operating room showed that the use of mechanical
retractors and robotic camera holders could be benefi-
cial (13,14, 23,24). In a study by Kavoussi and col-
leagues (25), robotic controlled laparoscopic camera
positioning was significantly steadier (p < 0.005) with
fewer unnecessary movements than a hand-held cam-
era. By limiting surgeon-dependent tremors that vary
from case to case, robots may help standardize surgical
outcomes.

In 1996, the invention of a ‘‘master-slave’’ manip-
ulator system called ARTEMIS in Germany became
the first surgical robot equipped with a surgeon end
(the master) and a patient-end (robotic instruments or
the slave end) (14). Themaster-slavemanipulator allows
the surgeon to electronically control the laparoscopic
instruments while remaining seated at a distance from
the patient. These original robotic telemanipulators
sparked the development of future robotic surgical sys-
tems (discussed in a later section) that would soon allow
for complete robot-assisted laparoscopic surgeries.

The first reported robot-assisted procedures in a
human were by Cadiere and colleagues in Belgium in
March 1997 (26). With the creation of advanced com-
puter interfaces that could electronically control special
instruments equipped with tips that allowed for intra-
abdominal articulations, surgeons could now regain the
dexterity of their hands inside the abdomen without
making a large incision.

Surgical robots are currently in use for a variety of
procedures in the areas of urology, cardiovascular
surgery, neurosurgery, and general surgery. However,
the use of robotics in endocrine surgery is still limited,
and there are only a handful of case reports on robot-
assisted laparoscopic adrenalectomies at this time (19–
22,27) (and no reported cases of robot-assisted thyroid,
parathyroid, or pancreatic tumor cases.) The limited
practice of robotic-assisted endocrine surgery at this
time is probably due to a number of reasons, including
the novelty of the procedure, the cost of surgical robots
($750,000–$1,000,000), the limited number of surgeons
trained in the procedure, and, most importantly, the
lack of prospective studies showing a significant
advantage for their use. Robotics seems to answer some
of the limitations of standard laparoscopy, though at
the current time it still lacks the ability to replace the
lost tactile sensation. As technology evolves, more
innovative devices will be created that will continue to
expand the ability of the surgeon to treat disease while
minimizing patient trauma and improving post-
operative outcomes.

4 SURGICAL ROBOTS

There are currently two surgical telemanipulating
robots with U.S. Food and Drug Administration regu-
latory clearance being used to assist minimally invasive
procedures for general surgery: the Da Vinci Robotic
Surgical System (Intuitive Surgical, Mountain View,
CA) and the Zeus Robotic Surgical System (Computer
Motion, Goleta, CA) (18,27,28).

The Da Vinci Surgical System consists of a ‘‘surgeon
console’’ and a ‘‘surgical arm cart.’’An overview of the
system can be seen in Figure 1. The surgical arm cart
holds the robotic instruments and the endoscopic cam-
era. The endoscope for theDaVinci system is a specially
designed 12 mm dual-camera endoscope that is capable
of sending a 3D image to a specialized viewing screen in
the console called the InSite Vision System. By looking
into this 3D-image system, which eliminates all extrap-
eripheral images other than those on the screen, the
surgeon immerses himself in the operative field. The
camera and instruments are both controlled by maneu-
vering the joysticks on the console. To alternate the
digital handle’s control back and forth between control
of the camera and control of the instruments, the
surgeon taps a foot pedal at the base of the console.
At the current time there are 18 different robotic instru-
ments in the Da Vinci system, which are appropriately
called ‘‘endowrist instruments.’’ The unique design of
the instrument tip literally recreates the flexible move-
ments of a human wrist (see Fig. 2). This wrist move-
ment allows the laparoscopic surgeon to have the same 7
degrees of freedom mobility as the human hand at the
tip of the laparoscopic instrument. This is in contrast to
the traditional laparoscopic instrument, which is limited
by a fixed pivot point and only 5 degrees of freedom (1—
in and out; 2—left and right; 3—up and down; and 4—
rotational; 5—grip).

Once immersed in the Da Vinci’s virtual field, the
surgeon inserts his fingers into the handles, sits in an
ergonomically correct position, and then maneuvers the
endowrist instruments with up to 7 degrees freedom:
yaw (side-to-side), pitch (up/down), insertion (in and
out), grip, and three additional degrees of freedom
provided by the second joint in the instrument tip. In
effect, maneuvering the Da Vinci instruments is like
miniaturizing your hands and wrists and placing them
into cavities they normally could never fit into, thus
permitting the performance of delicate, precise dissec-
tion and suturing in the smallest cavity—all through
small skin incisions.

The Zeus Robotic Surgical System also has two
components: the surgeon console (Fig. 3) and the

Robotic Endocrine Surgery 13



robotic instrument arms connected by a computer
interface that can filter tremor and adjust the move-
ment and rotational scale of the instruments. Unlike
the Da Vinci system, the Zeus robotic arms are not on
a cart, but instead can be attached directly to the
operating room table. A second difference between the
Zeus and the Da Vinci is that the Zeus uses a voice-
activated camera control system called the AESOP
Robotic Endoscope Positioner (Fig. 4). Instead of
requiring a special 12 mm endoscope as with the Da
Vinci, the Zeus allows the use of routine 5 or 10 mm
endoscopes with the AESOP arm. With this system the
surgeon can continuously maneuver the camera’s posi-
tion with simple voice commands like ‘‘camera in,
camera out.’’ The third difference between the two
robotic surgery systems is that currently the Zeus
system uses robotic laparoscopic instruments that
mimic the hand-held laparoscopic instruments, thus
lacking the additional degrees of freedom that you
would get with an ‘‘endorist’’ instrument tip designed
to mimic the human hand. Like standard laparoscopic
instruments, these current Zeus instruments have only 5
degrees of freedom.

As the robotic technology is advancing rapidly,
the Zeus is already in its third phase of design and is
now available with instruments called ‘‘Microwrist
technology.’’ These new instruments, like the Da Vinci,
have tips that offer a second joint mimicking the move-
ments of the human wrist. Because this technology has
just become available, there are no studies or published
results demonstrating their efficiency, but the ability to
perform wrist-like articulations inside the abdomen
through small skin incisions is obviously promising.

The advantages and disadvantages of robotic-assis-
ted surgery are currently being evaluated in various
specialties including urology, cardiovascular surgery,
neurosurgery, and general surgery. Each robotic sys-
tem has been used for a large number of different
surgical procedures, and there are now many pub-
lished case reports and small series describing their
feasibility. However, the only published paper to date
that compares the performance of the two surgical
robots in animals is by Gill et al. from Cleveland (18).
They concluded that the Da Vinci and Zeus surgical
systems were comparable in reducing surgeon tremor
and fatigue, but that the Da Vinci and its endowrist
instruments allowed for significantly shorter operating
time and more ‘‘intuitive executions of surgical
maneuvers’’ compared to the Zeus. Although this is
the first time the two robots have been compared in a
study on live subjects, this paper failed to compare

these new robotic systems to the current standard of
hand-held laparoscopy.

Dakin et al. compared the use of the two different
surgical robots to the routine hand-held laparoscope
and evaluated speed and precision in performing basic
laparoscopic tasks (29). For basic laparoscopic tasks
and speed, although the Da Vinci was significantly
faster than the Zeus, standard instruments were sig-
nificantly faster than either of the robotic systems. For
fine (7–0) suturing and speed, the Da Vinci and
standard instruments were similar, yet both were
significantly faster than the Zeus. Finally, for fine
suturing and precision, the robotic systems were sim-
ilar but significantly more precise than standard
instruments. In conclusion, for fine motor tasks, nei-
ther robot was faster than the standard instruments.
For precision, robotics may have an advantage over
standard instruments. Most subjects in this study had
no prior experience with the robotic systems and
limited experience with standard laparoscopy, there-
fore the results are limited as they reflect the times for
first-time users and not for experienced robotic sur-
geons. Randomized, prospective comparison data are
still scarce, and at this time it is premature to draw
solid conclusions as to which is a better system for
various procedures.

5 ROBOTIC-ASSISTED LAPAROSCOPIC

ADRENALECTOMY

In general, robot-assisted laparoscopic surgery is
another minimally invasive technique that well-trained
robotic surgeons can add to their armamentarium for
adrenal operations. Minimally invasive adrenalecto-
mies began when the laparoscopic adrenalectomy was
first described in 1992, and since then it has become the
gold standard for the removal of benign adrenal
tumors (4–6). The main advantages of laparoscopic
adrenalectomy over routine open adrenalectomy in-
clude shorter operative times for unilateral adrenalec-
tomies and less postoperative pain, fewer perioperative
and postoperative complications, and quicker recovery
times and return to work for patients receiving either
unilateral or bilateral adrenalectomies (4). On the
other hand, as is true for routine laparoscopic surgery,
the lap adrenalectomy lacks 3D visualization, limits
tactile feedback, restricts the degrees of freedom of
movements, and has the potential for inaccuracy dur-
ing the delicate dissection of the adrenal parenchyma,
veins, and arteries. Both surgical robotic systems on
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the market seem to address the limitations of routine
laparoscopy including recreating a 3D image, increas-
ing precision and freedom of movement, eliminating
tremor, reducing surgeon fatigue, and increasing
natural ergonomics.

The published data on robotic adrenalectomy are
extremely scarce at this time, but it is the most studied
robotic-assisted endocrine procedure to date. The first
published robotic assisted adrenalectomy was by Piazza
and colleagues in Italy in 1999, when they successfully
used the AESOP to assist a laparoscopic right adrenal-
ectomy for Conn’s syndrome (21). They reported an
operating time of 180 minutes and no complications. In
addition, that same year Hubens et al. from Belgium
also used AESOP to successfully assist a laparoscopic
adrenalectomy (22). Since then, numerous surgeons
have begun to perform robotic-assisted adrenalecto-
mies; at this time the Da Vinci Surgical System seems to
be more widely used for this procedure. (Fig. 5). Gill
and Sung from Cleveland compared the two surgical
robotic systems with robotic-assisted laparoscopic
adrenals in pigs and concluded that the Da Vinci system
permitted shorter operating times (12.2 vs. 26.0 mins;
p = 0.006) than did the Zeus system (18). Of note, the
Zeus system used in their experiment was not equipped
with the Microwrist technology, which would likely
produce similar results. Their reported complications
included adrenal parenchymal tears on both the right
and the left and an IVC tear that was repairable with a
robotic primary closure. These surgical systems have yet
to be compared in humans.

Horgan and Vanuno from Chicago reported the
use of the Da Vinci in a bilateral adrenalectomy (19).
They concluded that the Da Vinci system provided
superior articulation that greatly improved the precision
and efficiency of the lateral and posterior dissection of
the adrenal gland (Fig. 5). They agreed that the total
operative time is longer than with conventional laparo-
scopy, but with proper training and experience for both
the surgeon and the nursing staff, the operating times
should eventually be comparable to routine laparo-
scopy.

Surgeons around the country are beginning to use the
Da Vinci for unilateral and bilateral adrenalectomies,
although many of these cases are not yet reported. We
interviewed some of these surgeons and most of them
agree that there is a steep learning curve. Approximately
5–10 cases are needed before the operating times are
comparable to standard laparoscopic adrenalectomy.
The 3D vision provided by the Insite vision system and
the intraabdominal articulations of the ‘‘endowrist’’

instruments allow for precise dissections that facilitate
the difficult operation while leaving only small scars and
minimal postoperative pain.

6 CONCLUSIONS

Robotics and surgery are in its infancy, yet the ad-
vantages of increased precision, magnified 3D vision,
and increased intraabdominal dexterity have already
proven the robots as assets to a laparoscopist’s arma-
mentarium. While maintaining the advantages of tiny
incisions, decreased postoperative pain, and shorter
hospital stays, robot-assisted laparoscopy when
applied to endocrine surgery offers patients a safe
procedure with minimal postoperative trauma. As the
price of the surgical robots decrease and training
improves their use across the nation will grow. Even-
tually, hand-held laparoscopic instruments with in-
traabdominal articulating capabilities will replace the
expensive and bulky surgical robots of today, and will
continue to revolutionize laparoscopy as we know it.
Until then, robot-assisted laparoscopic endocrine sur-
gery seems appropriate for selected patients.
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1 INTRODUCTION AND RATIONALE

The primary reason for venous sampling in the head
and neck region has been the evaluation of the secre-
tory nature of a possible pituitary microadenoma,
most commonly to distinguish between pituitary and
other causes of Cushing’s syndrome (CS). Pituitary-
dependent hypercortisolism accounts for over 70% of
cases of CS (1,2). The differentiation between pituitary
and ectopic adrenocorticotropin (ACTH) secretion
requires the integrated evaluation of biochemical tests
and imaging techniques, none of which has a 100%
diagnostic accuracy (3). Inferior petrosal sinus (IPS)
sampling was devised in an attempt to improve the
diagnostic work-up of CS (4,5). The rationale for IPS
sampling is that a large proportion of the venous
drainage of the pituitary glands is via the IPSs, allow-
ing for analysis of samples uncontaminated from other
sources. Therefore, in Cushing’s disease (CD), the con-
centration of ACTH is expected to be higher in the
IPS draining the hemi-hypophysis bearing the tumor
than in the contralateral IPS or in the peripheral
vessels (4,5).

A ratio between IPS and peripheral basal ACTH
concentrations (IPS:P ratio) of 2:1 or greater is classi-
cally considered to be indicative of CD (4). After
administration of corticotropin-releasing hormone
(CRH) to stimulate ACTH secretion during IPS sam-
pling, an IPS:P ratio of 3:1 or greater is classically
considered to be indicative of CD (4). Finally, in pa-

tients with true CD, a ratio of greater than 1.4 in
the detected ACTH concentration from one sinus to
the other indicates that the adenoma is located on the
corresponding side (6) (Table 1).

Early studies showed that IPS sampling had an
extremely high sensitivity and specificity, up to 100%,
in differentiating pituitary from ectopic ACTH hyper-
secretion (4). In addition, this technique was demon-
strated to be a safe procedure, with the only frequent
untoward effect being transient ear discomfort (4). Due
to these results, it was suggested that IPS sampling
should be performed in all cases of suspected CD with-
out radiological evidence of a pituitary tumor. How-
ever, later studies have shown that IPS sampling is
less reliable than formerly believed in the differential
diagnosis of CS (3,7–14). Despite these results, IPS
sampling continues to be an extremely reliable tech-
nique in the differentiation of pituitary from ectopic
CS with sensitivity and specificity levels of greater
than 90% (7,15–18). With CRH stimulation, the ability
of sampling to correctly differentiate pituitary from
ectopic CS increases.

The ability of IPS sampling to localize the side of an
adenoma is less reliable than the ability to differentiate
the source of CS. Studies have shown that IPS sampling
correctly predicted the intra-pituitary tumor side with
an average 78% diagnostic accuracy (3,6,15,19,20). An
explanation for this could be the mixing of blood from
the two sides of the pituitary gland (21). Another
possibility is discordant sizes between the two IPSs,
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resulting in a greater drainage via one sinus. Cavernous
sinus sampling has been reported to be a better predictor
of intra-pituitary tumor location and to have the same
accuracy as IPS sampling in differentiating between
pituitary and ectopic ACTH secretion (22,23). How-
ever, due to its higher costs and greater risks of adverse
events, cavernous sinus sampling is not recommended at
present (24).

In conclusion, IPS sampling has an important role
in the work-up of CS in the carefully chosen patient.
Sampling has a high specificity in the diagnosis of
CD; thus, no patient with extra-pituitary CS risks
being submitted to transsphenoidal surgery, although
one must remember there is a percentage of false-
negative results. In addition, the lateralizing gradient
can guide the surgeon to the correct side of the pitui-
tary gland affected by the tumor, taking into con-
sideration that the localization is mistaken in 25–30%
of cases. Therefore, IPS sampling is useful to distin-
guish CD from ectopic ACTH secretion, but it should
be restricted to cases with conflicting hormonal and
radiological findings.

2 SAMPLING TECHNIQUE

The venous drainage of the pituitary gland is via the
cavernous sinus. The cavernous sinus then usually
drains into the inferior petrosal sinuses, superior pe-
trosal sinuses, and the basilar venous plexus. These all
have a variable drainage course into the internal
jugular vein and paraspinal venous plexus. Venous
sampling must be obtained from a source that repre-
sents the venous drainage of the pituitary gland. In
addition, bilateral simultaneous sampling is required
to evaluate the side of a possible pituitary microade-
noma. The IPSs are usually the best sites to obtain
venous samples from, since they usually capture a large
portion of the cavernous sinus drainage from their
respective side.

2.1 Anticoagulation

Venous thrombosis of the IPS, cavernous sinuses, or
jugular veins is an undesired event. Therefore, systemic
anticoagulation is maintained during the procedure (4)
with a bolus of 5000 U of intravenous heparin followed
by a 1000 U bolus intravenously every hour there-
after. At the minimum the catheters will be in place
for 30 minutes, and in cases of difficult catheterization
it is not unusual to have a catheter in place for sev-
eral hours.

2.2 Jugular Vein Catheterization

Bilateral venous access is established by the standard
transfemoral venous approach (4). On one side a 6
French sheath is placed so that concomitant peripheral
venous sampling can be obtained during the procedure.
A 4 Fr. sheath is placed into the contralateral femoral
vein. The jugular veins and, subsequently, the IPSs, are
catheterized with 4 Fr. catheters (4). The catheter used
should have an angled tip with an angle of 20–30
degrees, followed by a 2 cm straight segment. Occasion-
ally, a different angle or shapemay be necessary depend-
ing upon the specific anatomy. Each access site should
be used to access the respective IPS because when the
sampling is being performed, it is easier to keep track of
which catheter goes where if the sampling catheters
match the side they are sampling.

On the left, the junction of the innominate vein
and superior vena cava is relatively large. Once the
catheter is aimed in the right direction, a hydrophilic-
coated guidewire should allow easy passage from the
superior vena cava to the left subclavian vein. Cath-
eterization of the left internal jugular vein can be
challenging, usually because of a valve located at the
thoracic inlet. Getting the wire to enter the internal
jugular vein is usually a matter of luck and repetitive
prodding during various phases of respiration. A

Table 1 Inferior Petrosal Sinus Sampling ACTH Levels, Normal Anatomy

Right IPS Left IPS Peripheral IPS:P ratio R: L ratio

Baseline 691 477 59 11.7:1 1.4:1

2 min Post-CRH 2245 1509 55 40.8:1 1.5:1
5 min Post-CRH 1740 528 89 19.5:1 3.3:1
10 min Post-CRH 1264 529 92 13.7:1 2.4:1
15 min Post-CRH 1060 299 94 11.3:1 3.5:1

Results of petrosal sinus sampling demonstrate petrosal to peripheral ACTH gradient before and after CRH stimulation, confirming Cushing’s

disease (see Fig. 1). In addition, a gradient between right and left IPSs was found, suggesting an adenoma within the right hemi-hyphosis.

Transsphenoidal surgery confirmed an ACTH-secreting microadenoma within the right side of the pituitary gland.
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forceful contrast injection into the subclavian vein
will often show the location of various inflow veins as
stumps, due to the venous valve system, which can
then be used as guides.

Accessing the right jugular vein is usually more
straightforward than the left, as the course is relatively
straight. There can be variations that make the catheter-
ization more difficult, but access can usually be achieved
with a small amount of searching. The valve is usually
not as much of a problem as on the left.

2.3 Inferior Petrosal Sinus Catheterization

The venous drainage at the skull base is variable,
making the entry of the IPSs into the jugular system
more difficult to find. In fact, advancing the catheter
into the IPS is often the most challenging aspect of the
procedure. Usually the IPS enters the internal jugular
vein at the junction between the vein and the sigmoid
sinus. The most common site of IPS entrance is at the
apex of this jugular/sigmoid sinus curve and is typically
located anterior and medial. Careful probing with a
hydrophilic guidewire aimed in the appropriate direc-
tion will allow one to find the IPS. Occasionally a
contrast injection will be needed to identify the location
of the IPS. Once the guidewire is positioned into the IPS
the 4 French catheter can be passed into the distal aspect
of the IPS. Once the catheter is within the IPS, AP and
lateral venograms are performed to confirm position
and to assess the venous drainage. With good position-
ing, retrograde filling of both cavernous sinuses, inferior
petrosal sinuses, and the basilar venous plexus is com-
monly seen (Fig. 1; Table 1).

Anomalous venous anatomy can make catheteriza-
tion of the IPS difficult for even the most skilled practi-
tioners. If difficulty is encountered, suspect a duplicated
jugular vein or anomalous drainage of the IPS. In these
circumstances, venography of the other IPS would
invariably fill across the midline, clearly demonstrating
the contralateral IPS. It is then possible to locate the
exact entry point of the IPS into the opposite internal
jugular vein. In the most difficult cases it is necessary to
catheterize the arterial system, select the internal carotid
artery, and perform a standard angiogram to locate the
cavernous sinuses and visualize its drainage.

2.4 Venous Sampling Procedure

After the catheters are in position bilaterally, baseline
samples are taken from each IPS catheter and the
peripheral 6 Fr. sheath simultaneously. One must take
care to place the samples into the appropriate specimen

tubes. For ACTH, samples are usually placed in the
same tubes used for complete blood counts and kept on
ice. Prolactin and growth hormone samples are placed
in serum-chemistry tubes. These are guidelines, and for
each institution prior contact with the appropriate
laboratory should be made for confirmation of these
instructions and coordination of handling.

After the baseline samples are collected, challenge or
stimulation testing can be performed. This is most

Figure 1 Normal symmetrical inferior petrosal sinuses
(IPSs). (A) AP venogram obtained via injection of the left

IPS (large arrows). Note filling of bilateral IPSs and
cavernous sinuses. In addition, normal size of IPSs results
in drainage into bilateral internal jugular veins. Arrows with
label (*) indicate correct site of sampling catheter. (B) Lateral

venograms via injection of left IPS. Drainage into bilateral
internal jugular veins is noted (arrows). See Table 1 for
sampling results.
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commonly performed for the work-up of CS. For
ACTH testing, corticotropin-releasing hormone or
Acthrel (ovine corticotropin-releasing hormone) is
administered in a 1 Ag/kg (up to a maximum of 100
Ag) intravenous bolus peripherally. After administra-
tion of CRH, 2-, 5-, 10-, and 15-minute samples are
obtained simultaneously from the IPSs and the periph-
eral vein. These samples are then placed in the appro-
priate tubes, labeled, placed on ice, and then sent to the
laboratory for the appropriate analysis.

After the samples have been obtained, the IPS cath-
eters are removed, heparin is reversed using protamine,
and the sheaths are withdrawn. Pressure is applied
to the femoral veins until hemostasis is obtained. The
patient is observed for 2 hours post-procedure and
then discharged.

3 FALSE-NEGATIVE RESULTS: REASONS

Doppman et al. (25), reviewing retrograde IPS veno-
grams of 501 patients with surgically proven CD and
negative pituitary imaging, reported that all patients
with false-negative results had a hypoplastic or plexi-
form IPS ipsilateral to the adenoma (Figs. 2 and 3;

Figure 3 Right plexiform IPS (arrows) prevented catheter
positioning. Petrosal sampling results were inconclusive and

resulted in a false-negative test result. Transsphenoidal
surgery revealed a microadenoma: (A) AP; (B) lateral.

Figure 2 Hypoplastic IPSs. (A) AP venograms obtained via
injection of the left IPS (large arrow). A hypoplastic right IPS

(small arrows) with no drainage into the right internal
jugular vein is seen. In addition, the left IPS (large arrow) is
also smaller than normal, as indicated by the lack of drainage

into the left internal jugular vein. (B) Lateral venogram via
injection of left IPS (large arrow) also demonstrates lack of
drainage into either internal jugular vein. See Table 2 for
sampling results.
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Table 2). Another explanation for a false-negative result
is a potential additional drainage through the portal
sinuses, ascending through the pituitary stalk into the
hypothalamus (26). Sampling errors may also occur due
to dilution of pituitary blood from nonpituitary sources
secondary to extensive anastomosis between the IPS
and the basilar venous plexus, retrograde drainage of
superior petrosal sinuses, or misplaced catheters (21).
Presampling visualization of anatomical variants may
give an indication of the possibility of a false-negative
result. However, even when venograms show correct
positioning of the catheter, there is no definitive proof of
correct sampling of pituitary blood from both IPSs.

4 COMPLICATIONS

IPS sampling is a safe and reliable procedure; however,
it is an invasive test and should be used with caution.
Although extremely rare, brain-stem vascular damage
and transient or permanent neurological deficit can
occur (incidence f0.2%) (27,28). However, in most
cases, IPS sampling causes only minor complications
such as hematomas, vasovagal reaction (29); or tran-
sient ear discomfort. Due to vascular fragility and
hypercoagulability of hypercortisolemic patients, hep-
arin should be given to prevent thrombotic events.
Injury to the vascular wall with subsequent thrombosis
is the presumed caused of venous thromboembolism
after IPS sampling (30,31). Therefore, since severe
adverse reactions can occur during the procedure,
although rare, IPS sampling should be performed only
in specialized referral centers, where the safety of this
procedure is greatly elevated.
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1 THE HYPOTHALAMIC-PITUITARY

UNIT

The anterior pituitary gland is under predominantly
stimulatory control by the hypothalamus. Function of
the normal pituitary gland depends on the integrity of
the hypothalamus, the portal circulation, and the pitui-
tary stalk. Portal vessels originate in a capillary bed in
the median eminence and extend through long portal
vessels into the pituitary stalk and to the adenohypo-
physis. The pituitary hormones adrenocorticotropic
hormone (ACTH), growth hormone (GH), prolactin
(PRL), thyroid-stimulating hormone (TSH), luteinizing
hormone (LH), and follicle-stimulating hormone (FSH)
are controlled by the hypothalamic hormones cortico-
tropin-releasing factor (CRF), dopamine [or prolactin
inhibitory factor (PIF)], growth hormon–ereleasing
factor (GRF), thyroid-releasing hormone (TRH), and
gonadotropin-releasing hormone (Gn-RH), respec-
tively. This is efficiently accomplished via a portal
vascular system connecting the hypothalamus with the
anterior pituitary gland. These hypothalamic releasing
factors are then under negative feedback control from
the end-organ products (adrenal gland products, thy-
roid hormone, etc.), thereby completing the axis loop
(1). The predominant net hypothalamic regulatory
influence is stimulatory for all pituitary hormones
except prolactin, which is under dominant inhibitory
control (2). Any interruption or compression of the

network of portal vessels as a result of pressure or
invasion by any perisellar mass can alter the delivery
of these hypothalamic factors to the anterior pituitary
and cause impairment in its function.

The anterior pituitary gland is responsible for the
secretion and regulation of a variety of peptide hor-
mones and regulating factors. Tumors originating in the
anterior pituitary gland may therefore produce excess
quantities of a particular peptide hormone. Pituitary
adenomas are benign monoclonal tumors that arise
from the cells comprising the anterior pituitary gland.
They account for approximately 15% of all intracranial
tumors. The alterations in hormone secretion seen in
patients with pituitary adenomas are often caused
directly by the tumor itself or as a complication of its
expansion and compression of surrounding structures,
as is often seen in patients with partial or complete
hypopituitarism. When this occurs, the resulting
adenoma is classified as a functioning or secretory
adenoma. Tumors without hormonal activity are logi-
cally classified as nonfunctioning or nonsecretory
adenomas. In this chapter we will briefly review the
different types of functioning pituitary tumors. To this
end we will first review the hypothalamic-pituitary
organ axis to help understand the diagnosis and treat-
ment of patients with functioning pituitary tumors.

Anterior pituitary gland adenomas are identified
pathologically both by their in vivo endocrine activity
and by their in vitro immunohistochemical staining
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characteristics. The advent of immunohistochemical
staining for the various peptide hormones has revealed
the fact that many adenomas once thought to be non-
secretory actually secrete endocrinologically inactive
peptides (3).

Adenomas maybe further subdivided into micro- or
macroadenomas based upon size (4). Tumors less than
1 cm in diameter are considered microadenomas and
are predictably located solely within the sella turcica.
They characteristically do not invade neighboring
structures such as the sphenoid and cavernous sinuses.
Macroadenomas, by definition greater than 1 cm,
typically enlarge the sella turcica and frequently invade
neighboring structures. Microadenomas usually are
discovered because of an endocrinopathy, whereas
macroadenomas present with compressive effects of
the tumor, i.e., bitemporal hemianopsia, as well as
endocrinopathy. The endocrinopathy may be one of
either oversecretion of undersecretion.

The evaluation of a patient with a suspected func-
tioning pituitary tumor will be discussed in relation to
each tumor type; however, because of the protean and
often subtle manifestations of these endocrinopathies, a
detailed history and physical examination are manda-
tory in guiding the rest of the work-up. Subtle changes
in hair growth, skin texture or color, and body mass
may be the only heralds of early endocrine dysfunction.
Magnetic resonance imaging (MRI) technology has
dramatically changed the radiographic evaluation of
pituitary adenomas. MRI with and without gadolinium
enhancement is now considered the study of choice in
evaluating patients with suspected pituitary abnormal-
ities (5–8). The normal pituitary gland will enhance
within 5 minutes of contrast administration, leaving
the adenoma hypointense compared to the surrounding
pituitary. Findings on high-resolution MRI studies are
highly sensitive, with a 60–70% sensitivity on unen-
hanced studies and increasing by 10% on postcontrast
studies. Computed tomography (CT) scans are helpful
in evaluating bony changes in the sella and surrounding
structures but are much less sensitive than MRI in
detecting small adenomas (9–12). All patients with
pituitary adenomas must undergo detailed visual field
testing, which is most important in those patients
with macroadenomas.

2 PITUITARY TUMORS AND

NEUROSURGERY

2.1 Prolactin-Secreting Adenomas

Prolactin-secreting pituitary adenomas are the most
common form of pituitary tumor and represent the

most common cause of hyperprolactinemia. Prolactin
is classified as a somatomammotropic hormone along
with growth hormone and chorionic somatomammo-
tropin (13). It is a 198-amino-acids peptide chain neces-
sary for the normal lactation in postpartum women.
Prolactin levels begin to rise shortly after conception
and reach levels of 150–200 ng/mL at term, but it is not
until the postpartum decline in estrogen is complete that
lactation may occur. Stimulation of tactile receptors on
the nipple and areola of the breast leads to prolactin
secretion that in the postpartum estrogen-primed breast
results in lactation. Hyperprolactinemia disrupts nor-
mal reproductive function by altering the pulsatile
gonadotropin secretion, interfering with sex steroid
feedback at the level of the hypothalamus, and inhibit-
ing gonadal steroidogenesis. TRH and vasoactive intes-
tinal peptide (VIP) both appear to have minor
prolactin-releasing activity, although their significance
is presently unclear. Although the above stimuli lead to
increases in prolactin secretion, the overwhelming con-
trol of prolactin release is inhibitory in nature, via
dopamine. Dopamine, also known as prolactin-inhibit-
ing factor, is released by the hypothalamus and leads to
a decrease in prolactin secretion. As mentioned earlier,
this inhibitory control becomes vitally important in the
medical management of prolactinomas (14,15). Normal
prolactin levels are less than 15 ng/mL in men and less
than 20 ng/mL in nonpregnant women. Causes of
hyperprolactinemia other than a pituitary adenoma
include pregnancy, stress, hypoglycemia, renal failure,
hypothyroidism, and phenothiazine-like medications.
These, as well as several other etiologies, must be
considered prior to a detailed investigation of a patient’s
pituitary gland (16).

2.2 Signs and Symptoms

Prolactin-secreting tumors represent 40%ofall pituitary
adenomas and are typically more symptomatic in
women. Hyperprolactinemia in women leads to amen-
orrhea, galactorrhea, and osteoporosis, while in men it
may result in diminished sexual drive and impotence or it
may be asymptomatic. Menstrual disturbances are
present in 93% of premenopausal women with prolacti-
nomas. Because of this difference, men are not usually
diagnosed until the tumor has reached a size sufficient to
cause compressive effects onneighboring structures (17).

2.3 Diagnosis

Random measurement of serum prolactin levels are re-
liable to establish the diagnosis of hyperprolactinemia.
This should begin with MRI with contrast, which often
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discloses a pituitary macroadenoma. Hyperprolactine-
mia in the presence of a macroadenoma does not
mean a priori that the tumor is a prolactinoma. The
degree of prolactin elevation is believed to be directly
related to the functionality of the tumor. Serum
prolactin levels greater than 150 ng/mL correlate well
with the presence of a prolactinoma; however, milder
elevations may be due to stalk compression leading to
interference with the inhibitory effects of dopamine.

2.4 Treatment

The dopamine agonist bromocriptine has fundamen-
tally changed the treatment of symptomatic prolac-
tinomas (18–32). Other than selected indications,
bromocriptine therapy has virtually replaced trans-
sphenoidal resection as the therapy of choice. Bromoc-
riptine is a dopamine agonist that directly stimulates
the dopamine receptors located on lactotrophs (prolac-
tin-secreting cells). Dosages of 2.5–7.5 mg/day are
usually sufficient to treat most patients. The response
to medical therapy can be dramatic. Prolactin levels
begin to decrease in a matter of hours following the first
dose, and tumor size often diminishes within a few
days. Patients with visual field deficits may begin to
improve after a few days of treatment. Other than
pregnancy or a rapidly deteriorating visual/neurologi-
cal function, there are virtually no contraindications to
an initial trial of bromocriptine therapy. Follow-up
with periodic serum prolactin measurements and imag-
ing studies of the sella is necessary to ensure that
therapy is effective. In approximately 66% of patients,
tumor size will be reduced by as much as 75%, with the
best response seen in patients with large tumors (21).
Endocrine functions often return to normal with estab-
lishment of cyclic menses in women and return of libido
in men. Many previously infertile women have, in fact,
been able to conceive while on bromocriptine therapy.

Since bromocriptine is not tumoricidal, tumor reex-
pansion will occur when therapy is stopped (33). There
is, however, a subset of patients in which neither dis-
continuation of therapy nor microdosage leads to a
return of symptoms (20,34). Since there is no way of
knowing which patients will have a response to medical
therapy, it is prudent to stop therapy every few years
and determine if there is continued need for treatment
(35). There now exist newer nonergot dopamine ago-
nists, such as CV 502-205, which has shown promise in a
once-daily administration.

The side effects of bromocriptine usually consist of
nausea and vomiting. Women with tumors larger than
12 mm who wish to conceive are often referred for
surgery prior to pregnancy to avoid the pregnancy-

induced enlargement of the tumor and its secondary
neurological symptoms. For women with tumors less
than 12 mm there is a 1% risk of neurological
dysfunction (36).

The indication for surgery in patients with prolac-
tinomas is for those who are either completely intol-
erant or show minimal response to medical therapy, as
well as for patients with a severe or worsening visual
field deficit. Surgery is also recommended for those pa-
tients who do not improve after 2 months of medical
therapy (37).

The role of radiation therapy in prolactinomas is
limited. Primary radiation therapy is reserved for el-
derly or debilitated patients who have large tumors
and who are not helped by medical therapy. Radiation
therapy is mostly used as adjunctive to surgery in those
patients with residual tumor who are unresponsive to
medical therapy.

Pretreatment with bromocriptine prior to surgery to
‘‘shrink’’ the tumor has been suggested to increase the
cure rate (38,39). Since long-term treatment with bro-
mocriptine has been associated with tumor fibrosis, if
surgery is indicated it is best performed within a year of
therapy (40,41).

There exists a subset of patients with so-called
asymptomatic microprolactinomas whose tumor size
and serum prolactin levels remain unchanged or even
decrease over many years in follow-up. For this pop-
ulation, regular surveillance without treatment may be
sufficient (42,43). It still remains to be determined
whether there are any beneficial effects to normalizing
prolactin levels in this population (44,45).

3 GROWTH HORMONE–SECRETING

ADENOMAS (ACROMEGALY)

Acromegaly or gigantism results from the hypersecre-
tion of growth hormone. The term acromegaly, derived
from the Greek akron (extremity) and megale (large),
describes only one aspect of the clinical features through
which the disease process presents. Harvey Cushing is
credited with relating the overproduction of growth
hormone to a pituitary source (46). GH is a polypeptide,
191 amino acids long, normally produced and released
by the somatotropic cells found in the anterior pituitary
in response to hypothalamic GRF (47). Somatostatin is
a 14-amino-acid cyclic peptide-releasing factor that
inhibits GH release (48). Three or four bursts of GH
secretions occur per day, punctuating a basal state of
minimal activity (49). Sleep, physical exertion or stress,
hyper- and hypoglycemia, and a variety of pharmaco-
logical agents can also precipitate GH release. Circu-
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lating GH results in the secretion from the liver of a
family of peptides called somatomedins. Somatomedin-
C (insulin-like growth factor I) is the most familiar
somatomedin measured. These secondary hormones,
in turn, produce a variety of anabolic effects through-
out the body and mediate the effects of GH at the
end-organ level. Unlike GH, the somatomedins do
not exhibit significant diurnal variation in serun
levels and therefore may be a better means of evaluating
patients (50).

Hypersecretion of GH can result from a number of
conditions. The most common, and the focus of this
section, is a pituitary adenoma. GH may also be pro-
duced by ectopic adenomas derived from remnants of
the embryonic pituitary diverticulum or from tumors of
the breast, lung, or ovary (51). Acromegaly may rarely
be caused be excessive production of GRF by a hypo-
thalamic tumor or from peripheral sources, such as
carcinoid tumors of the abdomen (52).

3.1 Signs and Symptoms

Acromegaly affects males and females equally in the
fifth decade (53). The effects of chronically elevated
growth hormone are gradual and will result in gigan-
tism in a child whose epiphyseal plates have not yet
closed or in classic acromegalic features in an adult.
Typically there is an insidious coarsening of the facial
features and an increase in the soft tissues. The so-
matic changes may be so insidious as to go unnoticed
until old photographs are used for comparison. Clas-
sically, patients first note an increase in shoe size or
inability to wear rings that previously fit well. Later
in the disease process, patients may develop viscero-
megaly, arthralgias, nerve entrapment syndromes,
hyperhidrosis, prognathism, and acrochordon (skin
tags). It has been noted in several studies that as
many as 46% of patients will have colonic polyps, of
which more than 50% are adenomatous (54). Some
studies have also shown that the incidence of true
colon carcinoma in acromegalics may be higher than
in the general population. Because of this relation-
ship, it has been recommended that acromegalic
patients older than 50 years, patients with a more
than 10-year history of acromegaly, or patients with
more than three skin tags should have careful screen-
ing for colonic disease (55).

3.2 Diagnosis

The laboratory diagnosis of acromegaly is hampered
by the normally wide daily variations in serum GH

levels. In fact, the daily burst of secretion is main-
tained even in the presence of oversecretion of GH
from an adenoma. Unlike the other secretory adeno-
mas, static measurements of serum GH are, therefore,
unreliable in establishing the diagnosis of acromegaly.
Normal basal GH levels are generally below 1 ng/mL,
with several secretory bursts seen throughout the day
(56). In acromegaly the basal level is often elevated to
levels above 5 ng/mL, although some patients may
have normal basal levels with elevations only during
the daily secretory burst.

Fortunately, somatomedin-C levels are not only
even throughout the day, but are consistently elevated
in acromegaly. Static measurements of somatomedin-
C are an effective and reliable method for confirming
the diagnosis of acromegaly (57,58). Alternatively, a
glucose tolerance test can be performed. Normally,
GH is suppressed to levels below 2 ng/mL after an oral
glucose load (100 g). Failure of this normal suppres-
sion is consistent with hypersecretion of GH. In
addition, infusions of either GRF or TRH will lead
to increased GH in affected individuals but not in
normal subjects.

Once a patient is confirmed as having a hypersecre-
tory state, the goal is to discover the source. The over-
whelming majority of patients will have an anterior
pituitary adenoma, and therefore, the radiographic
work-up should begin with a contrast MRI. Only in
the few cases where no pituitary mass is demonstrated
should a search be made for ectopic sources of GH.

3.3 Treatment

The effects of untreated acromegaly are eventually fatal.
Patients will develop cardiac failure, diabetes, disfigure-
ment, and possibly blindness, leading to a markedly
shortened life expectancy (59). The goal of treatment,
therefore, is the safe and rapid reduction of GH levels,
elimination of any mass effect, and preservation of
normal hormonal balance. The type of treatment must
be judged by its ability to normalize GH levels and
thereby to eliminate the development of the various
metabolic derangements associated with hypersecretory
states. The criteria for successful treatment of acromeg-
aly are controversial. The accepted postoperative lev-
els of GH that are indicative of a cure have declined in
recent years. The current standard for cure is clinical
remission associated with a postoperative GH level of
<5 ng/mL with a normal somatomedin-C level (60).
Growth hormone levels may return to normal in hours
or days, but it has been our experience that somatome-
din-C levels may take weeks or months to normalize.
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Postoperative adjuvant therapy should be reserved for
patients that do not meet these criteria.

Transsphenoidal resection remains the primary
treatment modality for acromegaly. Successful resec-
tion results in a rapid reduction in GH levels and can be
achieved with very lowmorbidity andmortality, even in
older patients (4,61–66). In addition, the preservation of
pituitary function has been reported to be as high as
95%, avoiding the need for lifelong hormone replace-
ment. For larger tumors not amenable to curative
resection, surgery still plays a significant role in reducing
tumor load prior to any adjuvant therapy.

While transsphenoidal resection of pituitary adeno-
mas is a safe and well-tolerated procedure, there are
still many patients who are not surgical candidates. In
those cases medical therapy and radiotherapy have
therapeutic importance. The medical treatment of
acromegalics has undergone considerable change in
the past 10–15 years. Medical therapy that included
estrogens, chlorpromazine, and antiserotoninergic
agents had met with only limited success. Bromocrip-
tine therapy, when used for its dopaminergic effects,
was able to reduce GH levels to 5–10 ng/mL in more
than 20% of patients (67–71). Most patients did
achieve some relief of their somatic symptomatology,
with reduced soft tissue swelling and decreased perspi-
ration, even though GH levels were still elevated. The
dosages necessary to achieve these effects are much
higher than the dosages needed to control a prolacti-
noma, and the consequent incidence of side effects and
drug intolerance is much higher.

Somatostatin naturally suppresses GH production,
but it has a short half-life (2 min). A recently developed
somatostatin analogue, octreotide, has a longer half-life
and has been shown to be very effective (72–80). It must
be administered three times each day as a subcutaneous
injection or as a continuous subcutaneous infusion. The
most common side effects reported include diarrhea and
cholelithiasis (81), and the incidence of these side effects
increases the longer the drug is administered. Some
recent studies have shown dramatic reductions in GH
levels andmoderate tumor shrinkage. The perioperative
period may be significantly improved by using octreo-
tide for 3–4 months preoperatively. The soft tissue
changes above the tongue and throat may lessen the
risks of anesthesia.

The only other treatment option for patients is
radiation therapy. Not only is this treatment fraught
with difficulties such as hypopituitarism (in up to 25%)
and radiation necrosis, but it has not been shown to be
uniformly effective (82). Many patients will have persis-
tently elevated GH levels for years following radiation

therapy and may never reach normal levels, resulting in
delayed or incomplete remission (83).

4 GLYCOPROTEIN-SECRETING

ADENOMAS: TSH, FSH, LH

The glycoprotein hormones produced in the mamma-
lian pituitary gland are TSH, LH, and FSH. Although
these hormones are clearly related structurally, their
roles are markedly different. TSH, as its name implies,
regulates themetabolic rate via thyroid hormones, while
the gonadotropic hormones LH, and FSH are respon-
sible for sexual maturation and play pivotal roles in
reproduction. Structurally, all three are composed of a
common a subunit bonded to a h subunit that is unique
to each hormone.

A number of laboratory advances have changed our
understanding of glycoprotein-secreting adenomas.
Two in particular were the development of specific
immunohistochemical techniques for looking at tumor
specimens and the improved techniques of measuring
hormone and subunit levels in vivo. It has always been
taught that glycoprotein-secreting adenomas represent
a very small percentage of all pituitary tumors (approx-
imately 1%). These improved techniques are revealing
that many so-called ‘‘nonfunctioning’’ adenomas have
evidence of glycoprotein production by immunohis-
tochemical staining and serum radioimmunoassay
techniques (3).

4.1 Signs and Symptoms

Except for TSH-secreting tumors, which may present as
hyperthyroidism, the glycoprotein-secreting adenomas
do not produce any specific clinical syndrome. Conse-
quently, these adenomas are not diagnosed until they
produce compressive effects. This unfortunately means
that many of these tumors will grow to a size and extent
that precludes any curative resection.

Hyperthyroidism caused by a TSH adenoma differs
significantly from Graves’ disease, for which it is often
mistaken (84,85). The typical features of Graves’ dis-
ease, including opthalmopathy, pretibial edema, female
preponderance, and serum thyroid-stimulating immu-
noglobin, are lacking in hyperthyroidism of pituitary
origin. Of note is a rare inherited disorder (autosomal
dominant) designated as ‘‘selective pituitary resistance
to thyroid hormone,’’ in which the normal feedback
effect of thyroid hormone upon TSH secretion is
defective. This leads to TSH hypersecretion and con-
tinued production of active thyroid hormone, resulting
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in clinical hyperthyroidism. The TSH levels increase
with TRH simulation, and this disorder is often asso-
ciated with deaf-mutism, stippled epiphyses, and goiter,
distinguishing it from a pituitary adenoma.

4.2 Diagnosis

As mentioned above, these tumors do not typically
present with symptoms of hormone hypersecretion. As
a result the determination that a pituitary tumor is
secreting one of the glycoproteins is usually made after
the tumor itself is discovered. Each of the hormones is
composed of an a and a h subunit. Although the a
subunit is the same for all three hormones, the h subunit
is specific to each type. We are currently only able to
assay intact hormone levels (a+ h), or a subunit levels
alone. The measurement of h subunit levels is possible,
but is only available in some research laboratories. We
have learned that not all patients will have an elevated
intact hormone level, and some may in fact have low
intact hormone levels with evidence of hormone pro-
duction seen on pathological examinations (86). Fortu-
nately, a subunit levels are elevated consistently in these
tumors, decrease after successful treatment, and rise
with tumor recurrence, although 22% of truly nonfunc-
tional adenomas will have an associated a subunit
association (87,88).

As with all other pituitary adenomas, MRI with
contrast has replaced all other imaging modalities for
evaluation of tumor anatomy. Specific to glycoprotein-
secreting adenomas is the tendency to be larger and
involve adjacent structures more often (89). Aside from
this there is no way to distinguish these adenomas from
any other pituitary adenoma based on radiographic
studies alone.

4.3 Treatment

The treatment of patients with glycoprotein-secreting
adeomas is often difficult. Because of the delay in
clinical presentation, these tumors usually have supra-
sellar extension and involvement of the cavernous
sinuses, lowering the chances for a surgical cure. Trans-
sphenoidal resection is necessary for tissue diagnosis as
well as decompression of the optic chiasma. Most
patients have adequate symptomatic relief postopera-
tively; however, surgery is very often combined with
radiotherapy or adjuvant medical therapy. Since the
response of the tumor to radiation has not been impres-
sive, the indications for it remain controversial (90).
Trials with a somatostatin analogue and bromocriptine

in the treatment of these tumors have met with some
success, but not as much as in the treatment of acro-
megaly and prolactinomas, respectively (91). At our
institution, these patients are managed with transsphe-
noidal adenomectomy followed by radiation therapy if
residual tumor is seen on postoperative scans. If the
postoperative studies suggest a ‘‘cure,’’ they are re-
peated every 6 months.

5 ACTH-SECRETING ADENOMAS:

CUSHING’S DISEASE

Cushing’s syndrome, was first described by Harvey
Cushing in 1912. Cushing’s syndrome is a condition of
hypercortisolemia from any source, while the term
Cushing’s disease refers exclusively to an ACTH-secret-
ingpituitary adenoma.Cushing’s disease,more thanany
other pituitary tumor, remains the most diagnostically
and therapeutically challenging. Hypercortisolemia can
cause a myriad of clinically significant problems. In
general, patients tend to feel poorly and have diffused
muscle weakness and pain, emotional lability, and pro-
found fatigue. The presence of cortisol-induced or
accelerated atherosclerosis, hypertension, diabetes, os-
teoporosis, obesity, susceptibility to infections, and
perhaps peptic ulcer disease and thrombosis provide
compelling evidence to identify the diagnosis (92).

The usefulness of standard radiological imaging in
Cushing’s disease has been either negative or nonspecifi-
cally (thereby misleadingly) positive (9,93–100). More
recent advances in MRI imaging with contrast may
change this (101,102).

Most cases of hypercortisolemia seen in the adult
population are caused by microadenomas of the ante-
rior pituitary gland (103). Other sources that are less
common include ectopic overproduction of ACTH
(104,105) and/or CRH (106,107), benign or malignant
adrenal tumors, iatrogenic or exogenous hypercortiso-
lemia, and alcoholic or depressive ‘‘pseudo-Cushing’s’’
states. The presence of neural tissue within a distinct
adenoma, or diffuse or nodular hyperplasia, may sup-
port the concept that pituitary Cushing’s disease is
actually a heterogeneous disorder (99,109).

The implications of this pathological finding is
important in the clinical management. Primary pitui-
tary Cushing’s (with a single adenoma)might be curable
by selective adenomectomy. Hyperplasia (perhaps from
central overstimulation of the pituitary) might best be
treated by complete hypophysectomy or medication
aimed at modulating that stimulation (110). Intermedi-
ate-lobe Cushing’s, on the other hand, may be respon-
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sive to bromocriptine, a medication that normally has
no effect in other types of Cushing’s (111).

5.1 Signs and Symptoms

There is a female preponderance with a median age of
approximately 40 years. All patients present clinically
with varying hypercortisolemia. Typically patients will
have truncal obesity, hypertension, easy bruisability,
abdominal striae, and plethoric or moon facies. Because
of this impressive clinical picture, patients generally
present early in terms of tumor growth, making detec-
tion and identification of a source challenging.

5.2 Diagnosis

The diagnosis of Cushing’s disease is linked to the
complex endocrine pathway involved with ACTH
action. ACTH, stimulated by CRH, increases the pro-
duction and secretion of cortisol from the adrenal
cortex. There is a normal diurnal pattern to cortisol
release, with the highest level seen in the morning and
lowest seen in the evening. Cortisol negatively feeds
back to reduce ACTH secretion. ACTH is difficult to
measure clinically: therefore, circulating levels of corti-
sol and/or its urinarymetabolites are used for diagnosis.

While Cushing’s syndrome is easy to recognize
clinically, its etiology is difficult to determine. Various
diagnostic protocols have been developed, but no main
paradigm has emerged (103,104,108,112–124). Mea-
surements of plasma and urinary cortisol and its deriv-
atives, basally and in response to dexamethasone or
metryapone, as well as determination of plasma ACTH,
may suggest either a primary adrenal, pituitary, or ec-
topic neoplastic source of disease (119,125). If these da-
ta are equivocal, CRHmeasurements (106,107,115,126)
and CRH stimulation testing with measurement of
ACTH and or cortisol (102,112,113,117,118,123), pe-
ripherally or in the bilateral venous effluent from the
petrosal sinuses (116,120,122,124), are now frequently
employed to provide additional biochemical evidence
for the diagnosis of Cushing’s disease.

Once it has been determined that a patient has a
pituitary source of ACTH hypersecretion (Cushing’s
disease), it can be extremely difficult to identify the
pituitary source. Since most ACTH-producing adeno-
mas are small, their radiographic detection is difficult at
best. Improvements in MRI, with contrast have identi-
fied many microadenomas that would be radiographi-
cally invisible. Because many cases have no evidence of
tumor onMRI, the technique of petrosal sinus sampling

has been developed to confirm the diagnosis and guide
the surgical resection. The rationale behind this techi-
que, described in detail elsewhere, is straightforward
(122). Patients with Cushing’s disease should have high
(or inappropriately high) levels of ACTH production
coming directly from the pituitary gland (116), and the
levels should lateralize (122–124) to the side containing
the adenoma. Those with ectopic ACTH secretion
whose pituitary glands are suppressed should have
neither an elevated pituitary-to-peripheral gradient
nor a difference between sides. Patients without a dis-
crete pituitary tumor (i.e., with hyperplasia of the
corticotrophs) may have an increased central level of
ACTH that is equal in blood from both sides of the
gland. Some have advocated petrosal sinus sampling in
all patients with ACTH-dependent disease, either to
supplement or to supplant the conventionalmethods for
establishing the etiology of the hypercortisolism
(112,120,125). Published series indicate that the useful-
ness and reliability of this technique may be variable.

In Mampalam et al.’s series, (98), 39 of 116 subjects
(34%) had selective venous sampling of ACTH. An
inferior petrosal sinus to peripheral gradient was seen in
36. Of these 36, 31 (86%) where found to have adeno-
mas. In three patients without a significant gradient,
two had adenomas. Nine percent had false localization
as to the site of the adenoma. In Ludecke’s series (121),
6 of 19 (31%) had incorrect lateralization of the ade-
noma by inferior petrosal sinus sampling. Ludecke
recommended intraoperative measurement of ACTH
in the pituitary blood as a means of lateralizing the
adenoma. In our institution we use the technique in the
following situations:

1. Patients with equivocal lab data, if doubt exists
as to the source of ACTH overproduction, and
radiographic studies are not helpful.

2. Patients with laboratory data clearly pointing to
the pituitary gland but with normal radiographic
studies. A petrosal-sinus-directed hemihypophy-
sectomy is done if an adenoma is not seen at
surgery.

3. Young patients, especially women, for whom
preservation of fertility is an important consid-
eration and whose radiological studies are not
grossly abnormal. Even when the lab studies
clearly indicate pituitary-dependent disease, we
routinely study these patients to lateralize the
tumor. If nothing is found at the time of surgery
hemihypophysectomy on the side with the higher
CRH-stimulated ACTH levels would then be
done.
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4. Patients not cured following transsphenoidal
surgery. In these patients the question to be
answered is whether the diagnosis of Cushing’s
disease was truly correct.

In the most skilled hands, this sampling of venous
effluent from the petrosal sinuses appears to be reliable
and safe.

5.3 Treatment

The treatment of Cushing’s disease has advanced by the
development of microsurgical transsphenoidal surgery.
Successful surgery can cause reversal of hypercorti-
solism and eventual return of normal pituitary cortico-
tropic function.

Most cases of Cushing’s disease are caused by iso-
lated adenomas of the anterior gland. Basophilic hyper-
plasia occurs in less than 10%of patients. The treatment
of choice for Cushing’s disease is transsphenoidal sur-
gery with either selective adenomectomy or partial or
hemihypophysectomy (95–99,127,128). For those
patients with very large tumors, surgery followed by
conventional radiation therapy would be indicated and,
very rarely, adrenalectomy. The surgical treatment
paradigm remains controversial. The cure rate for this
illness in all series remains under 90%. The surgical
options for initial intervention include visual explora-
tion of the gland, with removal of abnormal tissue (98),
petrosal-sinus–directed hemihypophysectomy (97), to
total hypophysectomy (129). Recurrence rates from
3.7 to 9.3% have been reported (95,97–99,128,130).
Many of these patients have been reexplored. According
to Nakane et al. (99), verification of all pituitary adeno-
mas was done by reoperation, during which time no
corticotroph cell hyperplasia was found. It was con-
cluded that late recurrence of Cushing’s disease may
follow adenomectomy due to regrowth of adenoma cells
not removed from peritumoral tissue during the original
surgery. The alternative explanation is that the primary
etiology was not an isolated pituitary tumor but rather
overstimulation; thus, as remaining pituitary tissue
continues to be overstimulated, relapse is inevitable.
In Friedman et al.’s study (131) of the efficacy of repeat
surgery for recurrent Cushing’s disease, the incidence of
remission of hypercortisolism was highest if an
adenoma was identified at surgery and the patient
received selective adenomectomy.

Patients who are not cured by selective resection fall
into several groups: (1) those with invasive adenomas,
(2) those with unidentified microadenomas, (3) those
with corticotropic hyperplasia without a discrete

adenoma, and (4) those with ectopic secretion of ACTH
or CRH. Those with lateral invasive extension will not
be cured by any surgical procedure, and therefore,
hypophysectomy is not a consideration. Patients with
microadenomas that are unidentified preoperatively are
often cured by partial or total hypophysectomy; the
microadenomas may be discovered within the excised
tissue. If surgery has completely removed the tumor, the
patient will be hypocorticsolemic for 3–6 months.
Patients who are eucortisolemic immediately postoper-
atively have a high incidence of recurrence (132,133).

While transsphenoidal resection remains the primary
procedure of choice, it does not attain a 100% success
rate. There are other treatment modalities available for
use as adjuvants for those cases in which initial or repeat
surgical therapy has failed.

Stereotactic radiation has been used alone or incom-
bination with surgery for the treatment of Cushing’s
disease (134,135); reports on its efficacy vary from 50 to
100%. Because of the length of time needed to effect a
cure and because of the high incidence of hypopituita-
rism, we currently suggest that radiation therapy be
used only when pituitary surgery has failed.

Themedical therapies for Cushing’s disease currently
only address the symptomatic effects of the disease
process rather than treat the underlying tumor pathol-
ogy. These therapies primarily block ACTH or cortisol
production at its end stage rather than treat the release
process. Ketoconazole, a potent antifungal agent, inhib-
its adrenal steroidogenesis by blocking the 11-h-hydrox-
ylase (and other enzymes involved in both cortisol and
testosterone production). It is generally well tolerated,
although sedation is a potential side effect. It is difficult
to titrate the dose to achieve eucortisolemia. Often the
aim is to achieve complete adrenal suppression, at which
time supplemental steroid treatment is begun (136).
Because several steps in steroid production are halted,
effects on cholesterol, vitamin D, mineralocorticoid,
and estrogen and androgen production need to be
evaluated more closely before using ketoconazole on
a long-term basis can be recommended. We often use
this drug if there is to be a delay between diagnosis and
treatment or if precise etiological diagnosis is in doubt
(depression vs. mild Cushing’s) as well as some interim
treatment, if desirable.

6 ENDOSCOPIC PITUITARY SURGERY

The endoscopic or ‘‘minimally invasive’’ approaches
to the pituitary have only recently been employed
(Figs. 1–7). Transsphenoidal surgery is unique in neuro-
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surgery in that the operating surgical corridor is narrow,
limiting the surgeon’s view. In addition, during tumor
removal only a fraction of the tumor can be visualized,
which makes the confirmation of complete tumor
removal often difficult. The indications for the use of
endoscopic transsphenoidal surgery are essentially the
same as for the standard approach. Endoscopic surgery
through use of the short focal length offers the advan-
tages of enhanced illumination and a wider angle of
viewing than the microscope. The tumor morphology
often dictates the approach in each case. Tumors with
extensive suprasellar extension may require a craniot-
omy rather than a transsphenoidal resection. In addi-
tion to a detailed history, physical, and endocrinological
work-up, the use of high-resolution MRI with and
without contrast is imperative before surgery. Special
coronal sella windows help delineate the sella anatomy,
especially the location of the carotids and the optic
chiasma. The extent of sphenoid sinus pneumatiza-
tion is also important when planning the appropriate
surgical approach. Many endoscopic surgeons also
favor high-resolution computed tomography of the
sphenoid and sella to better assess the bony anatomy
of the sphenoid.

The operative technique employed in endoscopic
transphenoidal surgery varies with the instrumentation
used. While a variety of techniques have been
described, almost all approaches utilize either the 3.7
mm 0-degree, 30-degree, or 70-degree endoscope. The
angled endoscopes provide oblique views into the
sinuses and lateral walls of the sphenoid and sella. A
smaller 2.7 mm endoscope is also available for use in
children or in patients with small nares. As in all
endoscopes, the smaller size reduces the optical reso-
lution and illumination. Optional self-retaining retrac-
tors hold the endoscope in place and allow the surgeon
to operate with both hands. While specialized instru-
ments for the endoscope are being designed, the same
microsurgical instruments used in standard transsphe-
noidal surgery are currently employed. The instruments
used in endoscopic sinus surgery are also useful in
approaches to the pituitary.

There are only a few reports in the literature compar-
ing endoscopic versus standard transphenoidal surgery.
Sheehan et al. (138) retrospectively reviewed 26 patients
who underwent endoscopic transnasal macroadenoma
resection versus 44 matched control patients in the
standard approach. Their conclusion was that surgical
resection, anterior pituitary function, visual fields, and
complications were not significantly different between
the two groups. While their study cited a reduced
surgical time, our personal results have not yet shown

that to be the case. Koren et al. (139) retrospectively
compared 20 patients undergoing an endoscopic
approach to the sella with 20 patients undergoing a
sublabial approach. The endoscopic approach was
associated in their series with a shorter operative time,
shorter hospitalization time, and lower incidence of
septal perforation.

Endoscopic transsphenoidal surgery, though rapidly
developing in its techniques and instrumentation,
remains in its infancy in terms of its utilization potential.
The limitations of endoscopic transsphenoidal surgery
are a lack of stereoscopic depth perception and limited
visualization when bleeding is encountered. Incomplete
pneumatization of the sphenoid sinus makes an endo-
scopic approach very difficult anatomically. In these
scenarios a conversion to the standard microsurgical
technique is often necessary. We currently favor the
endoscope as a proven adjunct to microsurgical resec-
tion that allows for direct angled inspection of residual
tumor as well as the anatomical borders of the resection
area (i.e., the carotid arteries). There is a need for
continued refinement of the technique in order to dis-
play its advantage over the known low morbidity and
high efficacy of standard transsphenoidal surgery.

7 CONCLUSION

Patients with functioning pituitary adenomas pose very
different management problems and decisions than do
patients with nonfunctioning adenomas. The unique
pathology of each tumor requires careful history and
physical examinations coupled with a detailed endocri-
nological work-up. The therapy employed should
include not only surgery but also the current best-
indicated medical therapy that is specific to the presen-
tation of the individual patient. The recent advances in
endoscopic and minimally invasive transsphenoidal
surgery will continue to reduce the already low morbid-
ity and enhance the high efficacy achieved through
microsurgical resection. Meticulous follow-up is crucial
in maintaining tumor control and treating possible
tumor recurrence.
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The Neuroendocrine Lung

John R. Gosney

Royal Liverpool University Hospital, Liverpool, England

1 INTRODUCTION

In 1938, an Austrian pathologist, Friedrich Feyrter,
published a monograph (1) in which he described a
system of regulatory cells, a ‘‘diffuse endocrine epi-
thelial organ,’’ distributed throughout the various
organs and exerting an influence upon them by local
release of chemical messengers, a mode of secretion he
called ‘‘paracrine.’’ This was not a fundamentally new
idea (2,3), but Feyrter was the first to suggest that
such cells were ubiquitous throughout the tissues, con-
stituting a unified system of local endocrine control.
This concept was consolidated largely by the work
of Pearse and colleagues in the late 1960s (4–7), and
the existence of what is now generally known as the
diffuse neuroendocrine system (DNS), the cells of
which are characterized by the secretion of amine,
protein, and peptide hormones that are stored in cyto-
plasmic dense core (neurosecretory) vesicles (DCVs)
(Fig. 1), has became universally accepted. It is with the
pulmonary component of this system, its structure and
function in healthy lungs, and the changes it under-
goes in pulmonary disease that the first two sections of
this chapter are concerned.

A unique feature of the respiratory epithelium is the
frequency with which it gives rise to tumors character-
ized by neuroendocrine differentiation (8). Why this
should happen so frequently is unclear. Admittedly,
the more benign of the pulmonary neuroendocrine
tumors (PNTs), the typical and atypical carcinoids,

are rare, but small cell carcinoma accounts for about a
fifth of all malignant pulmonary neoplasms. If those
morphologically nonneuroendocrine pulmonary
tumors that display immunochemical or ultrastructural
features of this line of differentiation (see below) are
added to those that display it overtly, some degree of
neuroendocrine differentiation in neoplasms of the lung
can be seen to be commonplace. It is the pathology of
PNTs and the lesions that may precede them that the
third part of this chapter will review.

The functional essence of neuroendocrine differen-
tiation is the secretion of hormones, so it is only to be
expected that pulmonary neoplasms following this line
of differentiation would recapitulate this normal bio-
logical function. This is indeed the case, but the range of
substances produced by such tumors is far in excess of
that secreted by their normal cellular counterparts. This
functional manifestation of neoplasia actually outstrips
in its diversity the structural changes that more obvi-
ously characterize the process. Strenuous attempts have
been made over the years to exploit the propensity of
PNTs to secrete so-called serum markers of their pres-
ence as an aid to their diagnosis andmanagement, albeit
it with generally disappointing results (8). This func-
tional aspect of the biology of PNTs is reviewed in the
fourth section of this chapter.

Finally, an enduringly fascinating aspect of pulmo-
nary oncology and endocrinology is the tendency of
pulmonary tumors to produce clinical paraneoplastic
effects (9). This is, in large part, a further consequence of
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the neuroendocrine differentiation that so often char-
acterizes them; the substances they secrete interfere with
normal physiological functions and the unique antigens
they display provoke abnormal immunological reac-
tions. It is the often peculiar clinical effects that these
processes can induce that the final part of this chapter
will describe.

2 THE NORMAL PULMONARY

NEUROENDOCRINE CELL SYSTEM

Over 10 years after Feyrter wrote his monograph, the
first comprehensive study of the neuroendocrine cells of
normal mammalian lungs was made by Fröhlich (10).
He wrote a detailed account of their characteristics in a
variety of species, including three condemned prisoners
from the local jail on whom necropsies were performed
shortly after execution. Since then, knowledge of the
morphology, number, distribution, content, and puta-
tive functions of these pulmonary neuroendocrine cells
(PNCs) has increased steadily, althoughmany questions
remain (8,11–15).

In early studies of the DNS, capricious histochemical
techniques were all that were available to reveal its
various components, but the advent of more specific
and reliable immunochemical markers of neuroendo-
crine differentiation made their identification easier and
greatly aided their study. Of these general markers of
neuroendocrine differentiation, neuron-specific enolase
(NSE), protein gene product (PGP) 9.5, and chromo-
granin have been most widely employed in the identi-
fication of PNCs (8). In healthy adult human lungs,
PNCs are found at all levels from the larynx to alveoli

but are most numerous in bronchi and bronchioles; in
the airways, there is about one PNC for every 2500
epithelial cells (16). The vast majority of PNCs in
humans are solitary (Fig. 2), only a very small number
forming the highly organized, innervated clusters
known as neuroepithelial bodies (NEBs) (Fig. 3) (17)
that are so frequent in lower species (13). In human
lungs, in common with other species, PNCs are most
numerous in the late fetal and early neonatal periods,
gradually falling in number as the lungsmature, to reach
a steady state that persists into old age (18).

A variety of secretory products has been described in
human PNCs (19), but those established as such by
repeated demonstration in normal lungs are gastrin-
releasing peptide (GRP), the mammalian analogue of
amphibean bombesin (20), calcitonin (CT) (21), calci-
tonin gene–related peptide (CGRP) (22), and the amine
serotonin (5-hydroxytryptamine; 5-HT) (23). In healthy
human lungs, about 65%of PNCs containGRP and the
vast majority of the rest CT (16).

The functions of the pulmonary component of the
DNS are a matter of continuing debate. Evidence for
PNCs having a chemoreceptive role in lower animals
grows ever stronger (15). In the 1970s, Lauweryns and
colleagues (24–27) showed how rabbit PNCs organized
into NEBs degranulate in response to hypoxia, generat-
ing activity in the afferent nerves supplying them, at
least some of which relay in the vagus, as well as
releasing their products locally. More recently, it has
been shown that themembranes of these cells contain an

Figure 1 The dense core (neurosecretory) vesicles that are
the ultrastructural hallmark of cells of the diffuse neuro-

endocrine system and of neuroendocrine tumors.

Figure 2 A solitary human pulmonary neuroendocrine cell
labeled with neuron-specific enolase. The basal concentration

of its secretory granules, and its cytoplasmic extension to the
lumen of the airway are characteristic.
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oxygen-sensing protein (28). The sparsity of PNCs in
healthy adult human lungs, however, compounded by
continuing doubt as to their function, has led some to
believe that they are of little significance in humans,
perhaps just vestigial elements that have lost any role
they might have possessed in lower species as evolution
advanced. However, more recent studies of PNCs dur-
ing fetal pulmonary development and in human lungs
affected by naturally occurring pulmonary disease have
shown that this system of cells almost certainly plays a
crucial role in regulating the development, regeneration,
and repair of human pulmonary tissues (29–31).

Three pieces of evidence in particular point strongly
to a role for PNCs in human fetal pulmonary growth
and development. First, GRP, the predominant peptide
in these cells in health, is powerfully trophic to human
bronchial epithelial cells in vitro (32). Second, numbers
of GRP-containing PNCs as well as levels of GRP, its
mRNA, and its receptor, are markedly but transiently
elevated during the canalicular period of human pulmo-
nary development (33–35). And third, GRP stimulates
fetal lung growth andmaturation, including stimulation
of branching morphogenesis, in vivo and in organ
culture, in the murine and rhesus monkey fetus (36–38).

3 THE PULMONARY NEUROENDOCRINE

CELL SYSTEM IN DISEASED LUNGS

The only other situation in which human PNCs are ever
again so active as in fetal lungs is when they proliferate
in diseased lungs (8,29,31). Most conditions in which
they have been studied have involved inflammatory

injury or, less often, some other form of pulmonary
damage (Table 1).

Their pattern of proliferation follows a fairly pre-
dictable sequence (Fig. 4). The earliest change involves a
linear proliferation of PNCs along the epithelial base-
ment membrane to produce interrupted rows (Fig. 4b).
If damage is persistent, recurrent, or particularly severe,
a more disorderly proliferation occurs in which the cells
pile up within the epithelium forming nodular aggre-
gates (Fig. 4c). If injury proceeds to chronicity, it is
likely that the process eventually and exceptionally gives
rise to tumorlets (39), the small (2–3 mm) aggregates of
PNCs that grow across the basementmembrane into the
parenchyma immediately adjacent to the airway, devel-
oping their own conspicuously fibrous stroma (Fig. 4d).

As proliferation progresses, the gradually increasing
morphological disorder is accompanied by changes in
the secretory content of the cells. In the earlier stages,
when interrupted rows form, CT comes to predominate
overGRP in a reversal of the normal situation (8,29,31).
This may well be the morphological basis of the hyper-
calcitoninemia and hypercalcitoninuria demonstrable
in patients with inflammatory pulmonary disease (see
below). If nodular aggregates develop, and even more
so if tumorlets form, aberrant peptides such as adreno-
corticotropin hormone (ACTH), growth hormone, vas-
oactive intestinal polypeptide, and human chorionic
gonadotropin (hCG) may appear (8,29,31,40–43).

It is likely that this proliferation is a fundamentally
physiological response to injury involved with the con-
trol of repair and regeneration of damaged pulmonary
tissues. This might be indirect, via the actions of its
secretory products (30), or even direct, with PNCs acting
as a reservoir of progenitor epithelial cells (44). What-

Figure 3 An innervated cluster of pulmonary neuroendo-

crine cells constituting a neureopithelial body, labeled with
neuron-specific enolase, in the lung of a rabbit. These highly
organized structures have a chemoreceptive role.

Table 1 Conditions in Which Increased Numbers of

Pulmonary Neuroendocrine Cells have been Described

Asthma Bronchopulmonary
Pneumonia dysplasia
Pulmonary fibrosis Wilson-Mikity

Bronchiectasis syndrome
Cystic fibrosis
Chronic bronchitis

Brainstem injury due
to birth asphyxia

and emphysema
In pulmonary tissue
around tumors

Sudden infant
death syndrome

Eosinophilic granuloma
Plexogenic pulmonary
arteriopathy

Mechanical ventilation
with oxygen

Source: Ref. 8.
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ever the case, the process would clearly be analogous to
that controlling development of the lungs in utero. Its
tendency as described to become morphologically and
functionally disordered, however, is notable and raises
the question of whether what is a basically reactive
proliferation might ever become neoplastic. This intri-
guing possibility is addressed later in this chapter.

4 PULMONARY NEUROENDOCRINE

TUMORS

4.1 Introduction

The fact that the lungs contain a dynamic system of
neuroendocrine cells as described above makes it unsur-
prising that they generate neoplasms showing neuro-

endocrine features. The frequency with which they
display this line of differentiation, however, is uniquely
high and, at present, unexplained. It contrasts with the
situation in other epithelial tissues, such as those lining
the gastrointestinal and urinary tracts, in which neuro-
endocrine cells are also present, but neuroendocrine
tumours are uncommon. Despite the prevalence of
neuroendocrine differentiation in pulmonary tumours,
their recognition as such has been a slow process.
Although reports of so-called ‘‘ectopic’’ secretion by
malignant pulmonary tumors had begun to appear by
the early 1960s (see below) and DCVs had been
described in both pulmonary carcinoids and small cell
carcinoma by the end of the decade (45–47), these two
tumors continued to be seen as separate and distinct,
even in the 1982 World Health Organization (WHO)
classification of pulmonary tumors (48) that was current

Figure 4 The pattern of proliferation of neuroendocrine cells, labeled with neuron-specific enolase, in injured human

pulmonary epithelium. Replacement of their normal, sparse, regular distribution (a) by interrupted rows (b) is the earliest change.
With persistent or repeated injury, larger, less orderly nodular aggregates appear (c). Exceptionally, proliferation extends across
the basement membrane (d), giving rise to the locally infiltrative lesions known as tumorlets.
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until so recently (49). In the intervening years, however,
the idea that pulmonary carcinoids and small cell carci-
nomas (SCCs) are related by their neuroendocrine
phenotype and that tumors intermediate in their char-
acteristics could be defined became established by mor-
phological and immunochemical studies (50–53) and
has been further supported by investigation of their
molecular biology (54–57).

4.2 Classification

That part of the recently revised 1999 WHO classifica-
tion of lung and pleural tumors that deals with pulmo-
nary neuroendocrine tumours (49) is shown in Table 2.
Overtly neuroendocrine pulmonary tumors are defined
by their neuroendocrine morphology on light microsco-
py and are considered to comprise a spectrum in which
four reasonably well-defined entities can be recognized.
These share not only morphological, but also immu-
nochemical and molecular pathological characteristics
that vary quantitatively rather than qualitatively across
this neuroendocrine spectrum, but they vary markedly
in their behavior. The best differentiated PNTs, the
typical carcinoids (TCs), occupy the benign extreme of
the spectrum, with the most poorly differentiated, the
small cell carcinomas, being the opposite, most malig-
nant, extreme. In between are the atypical carcinoids
(ACs), resembling TCs in many of their features but
behaving with more aggression, and the large cell

neuroendocrine carcinomas (LCNECs), which aremore
aggressive still and closer to SCCs in biology and
behavior. These tumors are discussed in detail below.

Pulmonary neoplasms with elements of neuroendo-
crine differentiation inapparent from their appearance
also exist. These do not have the neuroendocrine
morphology that characterizes the tumors in the neu-
roendocrine spectrum described above, but are often
typical squamous or adenocarcinomas that display
their concealed neuroendocrine phenotype either ultra-
structurally, in the form of cytoplasmic DCVs, or
immunochemically, by expressing one or more of the
neuroendocrine markers described below (58,59).
These non–small cell carcinomas with neuroendocrine
differentiation are now explicitly recognized in the
current WHO 1999 classification (Table 2) and will
be considered in more detail later.

Also included in the classification (Table 2) is a group
of very rare neoplasms that fit into neither of the above
categories, but display features of neuroendocrine dif-
ferentiation as part of their biology. These comprise the
pulmonary blastoma, the primitive neuroectodermal
tumor (PNET), the desmoplastic round cell tumor, car-
cinomas with rhabdoid phenotype, and paraganglioma.
They are rare and will not be discussed further here.

Finally, there is now included in the new classifica-
tion a group of PNC proliferations under suspicion of
being possible precursors of the overtly neuroendocrine
tumors described above, particularly the pulmonary
carcinoids. This category of neuroendocrine cell hyper-
plasia and tumorlets (Table 2) includes those prolifer-
ations generally still considered reactive, discussed
earlier in this chapter, as well as the recently recognized
condition of diffuse idiopathic pulmonary neuroendo-
crine cell hyperplasia (DIPNECH). This is an interest-
ing entity that poses intriguing questions about the
relationship between PNC proliferation and bona fide
neoplasia and will be discussed in more detail below.

4.3 Pathology

4.3.1 Typical Carcinoids

Typical pulmonary carcinoids (8,49,50,53,60–63)
occupy the benign end of the spectrum of pulmonary
neuroendocrine tumours. Although indolent, with a low
rate of recurrence and metastasis after resection, they
should always be considered potentially malignant.
Their incidence is stable, peaking in the fifth decade,
earlier in life than other PNTs, and their cause is
unknown; they are not related to cigarette smoking.

Typical carcinoids most often arise in proximal air-
ways as well-defined, yellow to red-brown masses,

Table 2 Neuroendocrine Proliferations and Neoplasms

NE cell hyperplasia and tumorlets
NE cell hyperplasia
NE cell hyperplasia associated with fibrosis and/or

inflammation
NE cell hyperplasia adjacent to carcinoid tumors
Diffuse idiopathic NE cell hyperplasia with or

without airway fibrosis/obstruction
Tumorlets

Tumors with NE morphology

Typical carcinoid
Atypical carcinoid
Large cell neuroendocrine carcinoma

Small cell carcinoma
Non–small cell carcinomas with NE differentiation
Other tumors with NE properties
Pulmonary blastoma

Primitive neuroectodermal tumor
Desmoplastic round cell tumor
Carcinomas with rhabdoid phenotype

Paraganglioma

Source: Ref. 49.
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usually 2–5 cm in diameter at diagnosis, and are char-
acterized histologically by their highly organized ‘‘car-
cinoid’’ architecture and the bland uniformity of their
cells (Fig. 5). These cells have copious cytoplasm, cen-
trally placed nuclei, and are arranged within a delicate
stroma in a well-ordered nodular, trabecular, acinar, or
papillary pattern. Mitoses are rare (less than two per 2
mm2), and there is no necrosis. The cytoplasm of their
cells contains numerous DCVs and they strongly
express a range of neuroendocrine markers (see below).

4.3.2 Atypical Carcinoids

Atypical pulmonary carcinoids (8,49,50,53,60–63)
present, on average, a decade later in life than TCs

and are usually larger and more obviously invasive at
diagnosis. They are also more often peripheral within
the lung. Like TCs, however, their incidence appears
stable and they are not related to cigarette smoking.
They are more aggressive tumors, with local recur-
rence common and eventual mestastasis in about three
quarters of cases, often leading to death some years
from diagnosis.

Atypical carcinoids are grossly and histologically
similar to TCs (Fig. 6) but have a less well-organized
architecture with some pleomorphism of their cells, a
greater degree of mitotic activity (up to 10 mitoses per

Figure 5 Characteristic gross (a) and microscopic (b)
features of a typical pulmonary carcinoid tumor. These

indolent lesions are well circumscribed and homogeneous (a)
and characterized histologically by bland, monomorphic cells
with a highly organized pattern of growth (b). There is no
necrosis, and mitoses are rare.

Figure 6 Characteristic features of an atypical carcinoid
tumor. Often larger than typical carcinoids at diagnosis (a),
foci of softening and hemorrhage are sometimes apparent,

but they are usually well-defined tumors. Histologically (b),
there is a lesser degree of organization than with typical
carcinoids, occasional mitoses are seen, and punctate

necrosis is characteristic.
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mm2), and show focal ‘‘punctate’’ necrosis. Their cells
are often crowded and sometimes fusiform. Stromal
fibrosis is not uncommon. Their cytoplasm contains
smaller numbers of DCVs than that in the cells of TCs,
and expression of neuroendocrine markers, although
still prevalent, is less strong.

4.3.3 Large Cell Neuroendocrine Carcinoma

These neoplasms (49,52,60–65) are the most recently
defined of the four entities within the spectrum of
pulmonary neuroendocrine tumors, and their histo-
pathological variability is greater than that of the
other tumors within it, making the accurate diag-
nosis of LCNEC more difficult. Because of this, data
with regard to their behavior is less reliable than for
the other tumors within the spectrum, but they ap-
pear to be more closely related to SCCs than to
ACs in their biology, generally behaving aggressively
with early dissemination, and there is a growing
tendency to refer to both LCNECs and SCCs toge-
ther as ‘‘poorly differentiated neuroendocrine carci-
nomas.’’ Their age incidence, appropriately, overlaps
that of ACs and SCCs, and they are probably
smoking-related.

Grossly, LCNECs are usually frankly malignant
grey-white masses, often with obvious necrosis (Fig.
7a), although the better differentiated examples may be
well circumscribed and homogeneous. Histologically,
as already mentioned, the range of features they display
is wider than that of other PNTs. Those examples most
closely related to ACs have a well-developed neuro-
endocrine growth pattern, differing from ACs largely
by displaying greater mitotic activity (more than 10
mitoses per 2 mm2) and confluent necrosis. Those closer
to SCC have lost much of their neuroendocrine mor-
phology and appear frankly malignant cytologically
and histologically, but they always retain some degree
of it, usually in the form of a vague palisading or
trabeculation (Fig. 7b). Electron microscopy reveals
few DCVs, and neuroendocrine markers are often only
weakly expressed.

4.3.4 Small Cell Carcinoma

Small cell carcinoma (8,49,60–63) is the most common
of the PNTs and the most aggressive, often spreading
beyond the thorax by the time of diagnosis. They are
closely related to cigarette smoking and arise predom-
inantly in the seventh and eighth decades of life. They
usually arise in major bronchi as frankly malignant,
partly necrotic, grey-white masses. Most present with
local effects, a smaller number because of metastases,

and about one in 10 with paraneoplastic manifestations
(see below), which are more common in SCC than in the
other types of PNT.

Their histopathology is characteristic (Fig. 8);
almost devoid of stroma, they comprise densely packed
masses of small cells with large nuclei occupying much
of their cytoplasm. These cells compress and distort
each other. Mitoses are numerous, necrosis widespread,
and connective tissue and blood vessels become impreg-
nated with extruded nucleic acid. Dense core vesicles
may be impossible to find on electron microscopy and
expression of neuroendocrine markers may be weak or
even absent.

Figure 7 Characteristic features of a large cell neuro-
endocrine carcinoma. Usually obviously malignant on gross
(a) and microscopic (b) examination, they nevertheless retain

some degree of a neuroendocrine growth pattern. Cells are
large with copious cytoplasm, necrosis is often confluent, and
mitoses are numerous.
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4.3.5 Neuroendocrine Markers in Diagnosis

A wide range of immunochemical markers of neuro-
endocrine differentiation has become available over
the years to asssist in the histological differential
diagnosis of PNTs, but their sensitivity and specificity
is variable and their practical utility is actually quite
limited (8,63). They include cytoplasmic antigens
such as NSE (66) and PGP 9.5 (67), components of
secretory vesicles like chromogranin (68) and synap-
tophysin (69), and the membrane-based neural cell
adhesion molecule (NCAM) (70), which is probably
the most sensitive and specific of those markers
currently available.

Although these markers are expressed more
strongly by the better differentiated PNTs (TCs and
ACs) than by the more malignant one (LCNECs and
SCCs), the difference between tumor types is incon-
sistent and cannot be used to distinguish between
individual tumors in the neuroendocrine spectrum.
Nor are they able to distinguish neuroendocrine
tumors arising in the lungs from those metastasizing
into the thorax from elsewhere; medullary carcinoma
of the thyroid and malignant carcinoids metastasizing
from the gatrointestinal tract or pancreas are obvious
examples. Where they are of use, however, is in dis-
tinguishing PNTs from nonneuroendocrine tumors
arising within or metastasizing into the lungs, to
which they may be histologically similar. For exam-
ple, pulmonary metastases of adenocarcinomas of the
thyroid or kidney may mimic pulmonary carcinoids.
Similarly, poorly differentiated carcinomas arising
either within the lungs or metastasizing to them from
extrathoracic sites may be difficult to distinguish from
LCNEC and SCC, especially with small broncho-
scopic or needle biopsies, and the distinction between
SCC and lymphoma can be particularly difficult on
histological grounds alone. In situations like these,
judicious use of a panel of markers, including not
only neuroendocrine markers but those able to dis-
tinguish the possible diagnostic alternatives, can be
extremely useful.

4.4 Possible Preneoplastic Neuroendocrine

Proliferations

The proliferative response of normal PNCs to pulmo-
nary injury and its occasional tendency to become
disordered with the secretion of aberrant products and
the formation of the locally infiltrative lesions known as
tumorlets were described earlier in this chapter. It has
generally been accepted that this proliferation, even to
the extent of the development of tumorlets, is a reactive
process with no propensity for neoplasia, a belief sup-
ported by recent description of the contrasting molec-
ular pathology of pulmonary tumorlets and carcinoids
(71). In the early 1990s, however, a disorder character-
ized by diffuse proliferation of PNCs, including linear
rows, nodular aggregates, and tumorlets, in intimate
association with small, peripheral carcinoid tumors,
was repeatedly described (72–74). This condition, now
generally known as diffuse idiopathic pulmonary neuro-
endocrine cell hyperplasia (DIPNECH), has resurrected
intriguing questions about the relationship between
presumed-reactive proliferation of PNCs and bona fide
neuroendocrine neoplasia (Fig. 9).

Figure 8 Characteristic features of small cell carcinoma.
Clearly malignant on gross examination (a) and often

disseminated at diagnosis, they are characterized histologi-
cally by small, densely packed cells, with large nuclei and
minimal cytoplasm (b). Stroma is minimal, necrosis wide-

spread, and mitoses numerous. Connective tissue is often
impregnated with extruded nucleic acid.
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Diffuse idiopathic pulmonary neuroendocrine cell
hyperplasia arises in young to middle age and is
perhaps more common in women. The history is one
of a very slowly worsening dry cough and breathless-
ness, often over many years, often diagnosed as
asthma or bronchitis. Radiographs show a diffuse
reticulonodular pulmonary infiltrate, and respiratory
function tests reveal a mixed obstructive-restrictive
pattern of impairment with reduced diffusing capacity.
Histopathological examination of tissue removed for
diagnosis reveals variable proliferation of PNCs, with
intraluminal and extraluminal aggregates, interrupted
rows, nodular aggregates, and tumorlets together with,
in many but not all cases, typical peripheral carcinoid
tumors of variable size, most of them very small (Fig.
8). Often, there is intra- and extramural fibrosis of
small airways. Some have considered this the cause of
the proliferation, but the wider belief is that it is a
consequence of the release of fibrogenic products from
the proliferating cells.

It is still not certain that DIPNECH arises sponta-
neously. It might, for example, result from previous
pulmonary injury no longer apparent—possibly an
inhaled toxin. It is also not uncommon to see foci of
PNC proliferation, including tumorlets, around pul-
monary tumors of all types, not just carcinoids, in
which situation it is often attributable to collapse and
consolidation of the parenchyma in the vicinity of the
tumour (75). Nevertheless, it is difficult to avoid the
conclusion that, in at least some of these cases, PNC
proliferation has developed without obvious cause, in
normal lungs, and not only caused damage by injuring

small airways, but also proceeded to the formation of
true neuroendocrine neoplasms.

5 SERUM MARKERS OF PULMONARY

NEUROENDOCRINE TUMORS

Serummarkers of PNTs fall into three groups (Table 3):
general tumor markers, endocrine markers, and actual
secretory products.

5.1 General Tumour Markers

Like all neoplasms, PNTs can cause elevation of serum
levels of a range of unrelated substances. These general
tumor markers are numerous (Table 3) and not specific
to their neuroendocrine phenotype. They include onco-
fetal antigens such as carcinoembryonic antigen (76),
placental glycoproteins like hCG (77), enzymes such as

Figure 9 Proliferating neuroendocrine cells in a case of
diffuse idiopathic pulmonary neuroendocrine cell hyperplasia

(DIPNECH). Intraluminal and extraluminal proliferation, a
tumorlet, and the edge of a small carcinoid tumor all are
evident in this microscopic field.

Table 3 Serum Markers of Pulmonary Neuroendocrine

Tumors

General Markers Endocrine markers
Oncofetal antigens Neuron-specific enolase
Carcinoembryonic

antigen

Brain isoenzyme of

creatine kinase
Alpha-fetoprotein

Pancreatic oncofetal
Chromogranins and
related proteins

antigen Diamine oxidase
Placental glycoproteins Secretory products
Human chorionic
gonadotropin

Adrenocorticotropin
and related peptides

Human chorionic
somatomammotropin

Enzymes

Calcitonin
and calcitonin
gene–related peptide

Alkaline phosphatase
Aspartate aminotransferase

Arginine vasopressin
and related peptides

Gamma

aminotranspeptidase

Bombesin-like peptides

Growth hormone and
Lactate dehydrogenase
Thymidine kinase

related peptides
Serotonin

Phosphohexose isomerase Pituitary gonadotropins
Fucosyl transferase Prolactin
Sialyl transferase Thyroid-stimulating

Others

h2-Microglobulin

hormone

Vasoactive intestinal
a1-Acid glycoprotein
Glucagon

polypeptide
Somatostatin

Ferritin Insulin
Prostaglandins Gastrin
Tissue polypeptide antigen Parathyroid hormone

Carbohydrate antigens Renin

Source: Ref. 8.
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lactate dehydrogenase (78), and a miscellany of other
substances including h2-microglobulin (79), ferritin
(80), and various carbohydrate antigens (81).

5.2 Neuroendocrine Markers

A second group of serummarkers comprises substances
released from PETs that reflect their neuroendocrine
phenotype. To some extent these neuroendocrine
markers are common to all tumors following the line
of differentiation of the DNS, but in the case of PNTs
their study has been confined almost entirely to SCC.
They include three enzymes—NSE, the brain isoenzyme
of creatine kinase (CK-BB), and diamine oxidase
(DAO; histaminase)—and the group of proteins known
as the chromogranins (Table 3).

The best documented of the enzymes is NSE. Since
its presence in cultures of SCC and in the serum of
patients with the tumor were first described (82,83), its
efficacy as a marker of the presence and extent of the
disease has been widely researched (8). Although there
is reasonable correlation between serum levels of the
enzyme and tumor burden, NSE has not proven either
specific or sensitive enough to be of real practical
utility in the management of patients with PNTs.
Serum levels of CK-BB are elevated in about half of
patients with SCC (84) and, like NSE, correlate with
tumor burden (85). Levels of DAO have been reported
to be elevated in about one third of patients with SCC
(86), but it has been relatively little studied as a serum
marker of the disease.

The chromogranins have been widely used as tissue
markers of tumors following the line of differentiation
of the DNS, including those arising in the lung, but they
are also demonstrable in the serumof patients with these
neoplasms (87). Employing antisera recognizing more
than one of the chromogranins increases their sensitivity
as serum markers (88), but, like the other markers in
this group, they appear to be of little practical utility in
the management of patients with PNTs.

5.3 Secretory Products

A third group of serum markers of PNTs comprises
their actual secretory products (Table 3). Some of these
are found in normal PNCs, others in PNCs only in
diseased lungs, and a further group seems to be unique
to PNTs. Since these tumors are characterized by neuro-
endocrine differentiation, it is unsurprising that they
produce amine, peptide, and protein hormones; the fact
that they recapitulate the line of differentiation of the

pulmonary component of theDNSmeans that synthesis
and release of substances found in normal PNCs or even
in PNCs in diseased lungs are only to be expected.Many
secretory products of PNTs, however, especially of
those tumors towards the malignant end of the spec-
trum, do not fall into these categories, having not been
demonstrated in PNCs under any circumstances. These
substances and the processes of their synthesis and
secretion are generally referred to as ‘‘inappropriate.’’

This concept of inappropriate secretion originally
developed from the observation that even neoplasms
arising in nonendocrine tissues occasionally produced
hormones, the alternative but now less used term
‘‘ectopic secretion’’ having been originally introduced
by Liddle et al. (89) to describe the release of ACTH
from nonpituitary tumors. Such inappropriate products
include peptide, protein, and glycoprotein hormones
with their precursors and fragments, amines, prosta-
glandins, growth factors, and enzymes. Various theories
have been proposed to explain the phenomenon (8,90)
andwill not be debated here, but it clearly is a functional
equivalent of the morphological disorganization that
characterizes malignant neoplastic populations.

The range of secretory products, appropriate and
inappropriate, that has been demonstrated in the serum
of subjects with PNTs is remarkable (Table 3), but only
three of these have been studied extensively and will
be discussed further here. The first, CT, is a product of
PNCs in healthy lungs, the second, ACTH, an occa-
sional product of these cells in diseased lungs, and the
third, arginine vasopressin (AVP; antidiuretic hor-
mone) does not appear to have been described in PNCs
under any circumstances. Thus, whereas secretion of
CT by these tumors is clearly appropriate, that of
ACTH may or may not be depending upon whether
its secretion by PNCs in diseased lungs is considered
physiological or pathological, and that of AVP is
clearly inappropriate.

5.3.1 Calcitonin

Since the first report of elevated levels of CT in the
serum of a patient with bronchial carcinoma (91), the
relationship between hypercalcitoninemia and pulmo-
nary tumors has been extensively investigated (8).
Numerous investigations describe its elevation in pa-
tients with SCC ranging in prevalence from about one
fourth (92) to more than three fourths (93) of those with
the disease, and it is present in a smaller proportion of
subjects with non-neuroendocrine pulmonary tumors
(94). Although its origin from the tumor has been clearly
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demonstrated on a number of occasions (95–97), the
possibility that it sometimes has an alternative source,
either from the thyroid gland (98) or from the prolifer-
ating PECs in the surrounding lung (75), has been
raised. Such a possibility is supported by the observa-
tions that CT is the predominant peptide in proliferating
PNCs in inflamed lungs (see above) and that hyper-
calcitoninemia and hypercalcitoninuria are not uncom-
mon in patients with inflammatory pulmonary diseases
like pneumonia, tuberculosis, cystic fibrosis, and
chronic obstructive pulmonary disease (8,99). Indeed,
sequential measurements of CT in patients with pneu-
monia showed a return of levels to normal as the in-
fection resolved (99). A potential role for CT as a
marker of disease in subjects with SCC has been inves-
tigated in a number of studies, but findings have been
inconsistent (8).

5.3.2 Adrenocorticotrophin

Elevated levels of ACTH, its precursors and frag-
ments, have been repeatedly demonstrated in the
serum of patients with PNTs, carcinoid tumors, as
well as those at the malignant end of the spectrum
(100,101), when other peptides derived from the pro-
opiocortin precursor are though often to accompany it
(102,103). As with CT, elevated serum levels of ACTH
have been described in subjects with nonneuroendo-
crine pulmonary tumors (104) and in those with
inflammatory pulmonary disease (105,106). Nonsup-
pressible elevation of ACTH has also been described in
a patient with a pulmonary abscess in whom it not
only fell to normal after the abscess was resected, but
was demonstrable within it by immunolabelling (107).
Origin of the peptide from proliferating PNCs in
diseased lung accompanying the tumor is again an
alternative explanation for its elevation in the serum of
some patients with pulmonary neoplasms (75). Like
CT, the correlation between levels of ACTH and
presence and extent of disease in patients with SCC
has been extensively studied, but it appears neither
particularly specific nor sensitive in this regard (8).

5.3.3 Arginine Vasopressin

Arginine vasopressin is responsible for the most com-
mon endocrine manifestation of SCC, namely the syn-
drome of inappropriate ADH secretion (SIADH). Since
the earliest reports of the association (108,109), many
authors have described levels of AVP inappropriate to
plasma osmolality in the serum or urine of subjects with
pulmonary tumors (8), and it has been demonstrated

in tissue from SCCs by extraction and assay (96).
Although AVP has not been demonstrated in PNCs,
SIADH complicating pulmonary tuberculosis was de-
scribed many years ago (110) and the peptide has been
demonstrated in tuberculous pulmonary tissue (111). It
appears to have no utility as a marker of presence and
extent of disease in patients with PNTs (112).

6 PARANEOPLASTIC EFFECTS OF

PULMONARY NEUROENDOCRINE

TUMORS

The most obvious effects of pulmonary tumors, includ-
ing those showing neuroendocrine differentiation, are a
direct physical consequence of their growth. Many pre-
sent locally by obstructing an airway, provoking col-
lapse and consolidation, or by invading the wall of the
chest or the structures of the mediastinum. Physical
effects of metastases are also common; pathological
fracture, raised intracranial pressure, or adrenocortical
failure are obvious examples of ways in which a dissemi-
nated tumor might present. In addition, and as might be
inferred from the preceding discussion, PNTs recapit-
ulate the features of PNCs and, like other neuroendo-
crine tumors, have a capacity for secreting peptides
and amines. Of the products produced by PNCs in
healthy lungs, however, secretion of only serotonin by
a PNT is likely to have any clinical effect, theoretically
contributing to the carcinoid syndrome (see below).
Such secretion and its consequences, if any, are a
result of appropriate secretion and are predictable
and explicable.

These are not the only ways in which PNTs present,
however. Sometimes clinical manifestations of any
tumor occur that are clearly a consequence of it, but
attributable to neither its physical presence nor the
secretion of substances appropriate to it. These effects
are conventionally known as paraneoplastic phenom-
ena (9) and are especially likely to arise in patients with
pulmonary tumors, particularly those that show neuro-
endocrine differentiation.

6.1 Mechanisms of Paraneoplasia

It is likely that all paraneoplastic phenomena are due
to the expression or release by neoplastic cells of sub-
stances that differ qualitatively or quantitatively from
those expressed or released by their normal counter-
parts. These substances then exert their effects in one
of two ways.
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The first mechanism involves interference with nor-
mal physiological processes either because the substan-
ces are themselves biologically active or because they
interfere with the function of their normal counterparts.
In these cases the substances responsible often result
from the process of inappropriate secretion described
above. It is this mechanism that underlies many of the
nonneurological paraneoplastic phenomena.

The second mechanism involves the provocation
of an immune response by substances produced by
the tumor that are unique or normally concealed. This
results in either formation of immune complexes, a
hypersensitivity reaction, or cross-reaction of the re-
sulting antibodies with normal tissue components
which happen to share antigenic sites with the sub-
stance expressed by the neoplastic cells. It is this me-
chanism that underlies many of the neurological
paraneoplastic phenomena.

Many paraneoplastic manifestations of neoplasia are
not associated particularly with PNTs, being seen in
patients with a range of neoplasms (9). These include
pyrexia, cachexia, coagulopathy, amyloidosis, and a
variety of cutaneous and rheumatological abnormal-
ities. Some paraneoplastic effects, however, are closely
associated with PNTs and may be unique to them,
whereas others are associated with pulmonary tumors
in general but likely to be mediated by a peptide or
protein hormone and probably reflect an element within
the tumor of neuroendocrine differentiation.

6.2 Paraneoplastic Phenomena Associated

with Pulmonary Neuroendocrine Tumors

The most practical classification of paraneoplastic phe-
nomena is according to the anatomical or physiological
system they disturb, in which scheme they are divisible
into four broad groups (Table 4). Paraneoplastic endo-
crine disturbances are more often due to PNTs than to
any other tumor and to some extent correlate with
tumor type, the carcinoid syndrome, for example, being
largely confined to TCs and ACs, whereas SIADH is
almost exclusive to SCC. Cushing’s syndrome arising
in a patient with a PNT is the classical and most often
cited example of inappropriate hormone secretion. A
peculiar variety of cutaneous changes are among the
more mysterious of the paraneoplastic effects of PNTs
and largely unexplained, as are digital clubbing and
hypertrophic osteoarthropathy, two paraneoplastic
osteoarticular effects that have fascinated physicians
throughout medical history. Finally, there is a large
group of paraneoplastic neurological phenomena, most

if not all immune mediated, that can affect any level of
the nervous system from the cerebral cortex to the
myoneural junction.

6.2.1 Endocrine Disturbances

The Carcinoid Syndrome. The carcinoid syndrome
is probably caused to some extent by serotonin, a
product of normal PNCs, and in this regard is not

Table 4 Paraneoplastic Phenomena Occurring in Patients
with Pulmonary Carcinoma That have an Established or
Suspected Pulmonary Association with Neuroendocrine

Differentiation in the Tumor

Endocrine
The carcinoid syndrome
Cushing’s syndrome and variants

The syndrome of inappropiate secretion of antidiuretic
hormone (SIADH)

Gynecomastia

Cutaneous
Epithelial proliferations (acanthosis nigricans, tripe palms,
Bazex’s syndrome, the sign of Leser-Trélat)

Erythema gyratum repens
Hypertrichosis lanuginosa
Dermatomyositis

Osteoarticular

Digital clubbing
Hypertrophic osteoarthropathy

Neurological

Effects on the cerebrum
Encephalomyelitis
Angioendotheliosis

Effects on the cerebellum
Cerebellar degeneration

Effects on the eye
Visual paraneoplastic syndrome

Other effects on the brain and cranial nerves
Optic neuritis
Extrapyramidal disorders of movement

Opsoclonus
Effects on the spinal cord
Subacute necrotic myelopathy

Amyotrophic lateral sclerosis
Effects on peripheral nerves
Sensory, motor, and mixed neuropathies

Autonomic effects
Orthostatic hypotension
Alimentary dysfunction

Effects on the myoneural junction

Eaton-Lambert myasthenic syndrome

Source: Ref. 8.
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strictly paraneoplastic, but continuing doubt as to its
pathogenesis and the likely involvement of other
substances not normally found in these cells justifies
its discussion here.

The syndrome is most often seen in patients with
extensive hepatic metastases from carcinoids arising in
the gut and is a rare manifestation of PNTs. This is
because it is largely confined to tumors at the benign end
of the spectrum of PNTs, being very rarely associated
with SCC, and requires a large bulk of tumor tissue
(113), whereas pulmonary carcinoids rarely metastasize
to produce large secondary deposits. Its prevalence in
patients with pulmonary carcinoids is probably about
5% (8).

The carcinoid syndrome has four main clinical com-
ponents. These are, with their approximate prevalences,
flushing, especially of the head and neck, often causing
hyperpigmentation (75%), diarrhea, often of distressing
frequency and associated with colic (75%), carcinoid
heart disease, which takes the form of a plaque-like
subendocardial fibrosis and affects predominantly the
valves on that side of the heart through which blood
draining the bulk of the tumor first passes (40%), and
wheezing, due to bronchoconstriction (20%) (114).
Ever since serotonin was first described in a carcinoid
tumor (115), it has been considered an important medi-
ator of the carcinoid syndrome, but it cannot explain all
its components (114). Histamine, 5-hydroxytrypto-
phan, kinins, tachykinins, and prostaglandins have all
been implicated, but none has been confirmed as a
consistent mediator of it.

Cushing’s Syndrome and Variants. What is gener-
ally considered to be the first report of Cushing’s
syndrome due to secretion of ACTH by a PNT (116)
actually predated description of the syndrome itself
(117). Although the full-blown syndrome appears in
only 2–3% of patients with SCC, elevated serum levels
of ACTH are demonstrable in 10 times as many and
impaired suppression of adrenal corticosteroid secre-
tion in about half (8).

The syndrome that develops in patients with SCC
differs from that due to pituitary hypersecretion in
that hypokalemia is almost always a feature, but
truncal obesity, striae, and pigmentation are less often
present (9). The adrenal glands postmortem are mark-
edly hyperplastic; there is expansion of the zona
reticularis, obliterating the lipid-rich zona fasciculata
(Fig. 10a), and a single gland may way 20 g. In the
15% of patients with Cushing’s syndrome in whom
a PNT is the cause, three features suggest such a

tumor to be responsible: markedly increased levels of
ACTH, markedly increased levels of urinary cortisol,
and an inability to suppress plasma levels of cortisol
with dexamethasone.

Inappropriate Secretion of Antidiuretic Hormone.
Hyponatremia and high urinary sodium excretion in
patients with tuberculosis and pulmonary carcinoma
was first reported in 1938 (118), but it was some time
before inappropriate secretion of AVP was suggested to
be responsible (119) and the classical description of
SIADH did not appear for another 10 years (120).
The strict criteria for its diagnosis are hypo-osmolar
plasma in the presence of hyperosmolar urine inappro-
priate to plasma osmolality and a persistent natriuresis
with no evidence of volume depletion and providing
there is normal cardiac, renal, and adrenal function and
the changes cannot be attributed to drugs inhibiting
water secretion (121). The syndrome according to these
criteria occurs in 10–15% of patients with SCC,
although abnormalities of water secretion and/or ele-
vated serum levels of AVP are demonstrable in as many
as 30–40% (8,9,122).

Gynecomastia. Considering the frequency with
which elevated levels of the subunits of hCG are de-
monstrable in patients with pulmonary tumors (see
above), gynecomastia is surprisingly rare, developing
in only about one in 100 male patients (123). This
may be because their synthesis is unbalanced and
production of the complete, biologically active mole-
cule is uncommon.

6.2.2 Cutaneous Changes

Althouth rare, developing in no more than 1% of
patients with pulmonary carcinoma (8,9,124), para-
neoplastic cutaneous manifestations are important
because they often develop well before the tumor be-
comes apparent. They are not as closely associated with
PNTs as most of the other paraneoplastic phenomena
described here, however, and some are actually more
often associated with neoplasms growing outside the
lungs (9).

A variety of proliferative cutaneous processes are the
most common of these. They include acanthosis nigri-
cans, a symmetrical, velvety hyperkeratosis of the flexu-
ral and intertriginous areas, tripe palms, which is a
similar process occurring on the palms, paraneoplastic
acrokeratosis (Bazex’s syndrome) in which erythema-
tous or violaceous scaly lesions develop on the extrem-
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Figure 10 Four examples of paraneoplastic effects of pulmonary carcinoma. (a) The markedly hyperplastic adrenal cortices of

a patient dying of disseminated adrenocorticotropin-producing small cell carcinoma. The normal lipid-rich cells of the zona
fasciculata have disappeared as the cortex has expanded. (b) Growth of soft, silky hair characteristic of hypertrichosis lanuginosa
on the ear of a patient with disseminated pulmonary carcinoma. (Courtesy of CMA Journal and Dr. M. A. Knowling.) (c) The
wrist of a patient with a large cell neuroendocrine carcinoma and painful hypertrophic pulmonary osteoarthropathy that partly

resolved after the tumor was resected. Subperiosteal new bone is evident. (d) Absence of Purkinje cells from the cerebellum of a
patient dying of small cell carcinoma. Severe ataxia and hypotonia were present during life.
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ities, and rapid, widespread growth of seborrheic warts,
known as the sign of Leser-Trélat.

Several erythematous and blistering lesions are asso-
ciated with malignant tumors in general (9), and,
excluding the flushing of the carcinoid syndrome and
the facial pigmentation this may produce, the only one
to show a particular association with pulmonary carci-
noma is a peculiar migratory circinate and serpiginous
eruption known as erythema gyratum repens (125).
Demonstration of IgG and C3 at the dermoepidermal
junction suggests that erythema gyratum repens has an
immunological basis (126).

Hypertrichosis lanuginosa (malignant down) is a
remarkable manifestation of malignancy characterized
by rapid growth of long, fine, silky hair, especially on the
face and ears (127) (Fig. 10b). Like the erythematous
and blistering lesions, it is not specific for PNTs, but
pulmonary tumors are a frequent underlying cause.

Finally, mention should be made of dermatomyosi-
tis, an immune-mediated inflammatory disorder of the
skin and skeletal muscles with a well-established asso-
ciation with malignant tumors of many types (128). The
most common underlying tumor is probably pulmonary
carcinoma (129), although there is no particularly close
association with neuroendocrine differentiation.

6.2.3 Osteoarticular Effects

Two closely related conditions strongly associated with
pulmonary carcinoma, digital clubbing and hypertro-
phic pulmonary osteoarthropathy [HPOA;Marie-Bam-
berger syndrome (130)], have been of abiding interest
for many years, not least because of their uncertain
pathogenesis; digital clubbing was described in the time
ofHippocrates, but its cause, and that ofHPOA, remain
a matter of debate (8).

Clubbing is due to expansion of the soft tissues
around the terminal phalanges, but whether new bone
is laid down is uncertain (131). Osteogenesis is certainly
a factor in HPOA, however, and characteristically
forms beneath the periosteum, the changes character-
istically affecting the ankles and wrists (Fig. 10c).
Increased local blood flow due to vasodilatation is
probably the crucial event in the development of both
conditions and a variety of possible vasodilators has
been proposed (132–134). Hypertrophic osteorarthrop-
athy tends to resolve with removal of the tumor (135),
but clubbing is more persistent. The fact that vagotomy
often relieves the pain of HPOA and may also result in
its resolution suggests that neural mechanisms are a
factor in its causation, but this effect is not seen with
clubbing and its basis is obscure (136).

6.2.4 Neurological Phenomena

Nonmetastatic neurological disturbances are pareneo-
plastic phenomena particularly closely associated with
SCC. This is almost certainly because the tumor com-
monly expresses neural-type antigens that provoke an
immune reaction damaging whichever part of the nerv-
ous system that happens to share them (137–139), and
damage can occur at all levels.

Encephalomyelitis and cerebellar degeneration dam-
age the cerebral and cerebellar cortices, respectively.
The former characteristically presents with progressive
dementia, although it is often complicated by accom-
panying injury at lower levels, particularly the dorsal
root ganglia (140,141). The latter is characterized by
loss of Purkinje cells (142) (Fig. 10d) and manifests
clinically with progressive symmetrical ataxia, hypoto-
nia, and pendular reflexes, although nystagmus is often
absent. Loss of vision may occur due to destruction of
photoreceptors (143). A clinical triad of photosensitiv-
ity, ring scotomas, and attenuated caliber of retinal
arterioles characterizes this form of progressive blind-
ness (144). Various other abnormalities due to damage
above the level of the spinal cord have been described.
These include optic neuritis (145), extrapyramidal dis-
orders of movement (146), and opsoclonus (147), an
involuntary saccadic movement of the eyes attributable
to injury to a group of neurons in the brain stem.

Effects on the spinal cord and peripheral nerves
include the two reasonably well-defined entities of
subacute necrotic myelopathy and amyotrophic lateral
sclerosis, and peripheral neuropathy may also occur.
Subacute necrotic myelopathy is due to focal cavitation
of the spinal cord, especially its thoracic segment,
producing flaccid paraplegia with incontinence and
sensory loss (148). Amyotrophic lateral sclerosis is
the form of motor neuron disease involving loss of
anterior horn cells and is occasionally associated with
pulmonary carcinoma (149). Sensory, motor, and
mixed sensorimotor neuropathies may also develop in
association with pulmonary tumors (150), the purely
sensory form being particularly closely associated with
SCC (151).

Autonomic dysfunction is increasingly recognized as
a paraneoplastic effect of PNTs (8). It usually presents
as either orthostatic hypotension (152) or altered ali-
mentary function in the shape of intestinal pseudo-
obstruction (153). The histopathology comprises
inflammatory destruction of the appropriate autonomic
nerves (154).

Finally, SCC is closely associated with a neurological
syndrome characterized by weakness and fatigueability
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of muscles, especially those of the pelvic girdle, accom-
panied by increased sensitivity to muscle relaxants. This
myasthenic syndrome, which resembles mya sthenia
gravis but differs in certain important aspects, was first
reported in full by Eaton and Lambert in 1957 (155) and
usually bears their names. In contrast to myasthenia
gravis, it affects older subjects, involves different
muscles, shows a transient muscle strengthening rather
than a weakening in response to exercise, responds
poorly to anticholinesterases, and is not associated with
thymic pathology. Characteristic electromyographic
features of increasing muscle action potentials on re-
peated stimulation of motor nerves are generally con-
sidered diagnostic but are probably not always evident,
even when the syndrome is clearly related to SCC (156).
The essence of the pathology is reduced quantal release
of acetylcholine from presynaptic motor nerve termi-
nals as a result of immune damage to voltage-gated
calcium channels (157–160).
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1 INTRODUCTION

Thyroid cancer is fascinating in many ways. The wide
spectrum of aggressiveness is extraordinary, ranging
from differentiated malignancies in which most patients
live out close to their normal lifespan, to anaplastic
varieties that are almost universally lethal.

Among many unique features of differentiated thy-
roid cancer, two require special mention. Age is the
most important prognostic factor. It is interesting to
note that the mortality in patients with thyroid cancer in
the younger age group is extremely low, while the
mortality in elderly patients is quite high. There is no
other human cancer that parallels this biological behav-
ior. This is the only cancer where age is included in the
staging system. There is no Stage III and IV cancer in
patients below the age of 45 (1–4).

Another unique feature is that the presence of nodal
metastasis has almost no prognostic bearing. This clin-
ical behavior is not seen in any other malignancy. In the
majority of cancers, the presence of nodal metastasis
decreases the survival by almost 50%: in well-differ-
entiated thyroid cancer, there is no apparent effect on
outcome (5).

Thyroid cancer is one of the most common endocrine
neoplasms. Most deaths are the result of medullary or
anaplastic thyroid tumors, rather than differentiated

types. There appears to be a steadily increasing inci-
dence in the United States, as well as an increased
proportion of the disease in women; in the 1970s
approximately 8000 new patients with thyroid cancer
were seen, but the mortality remained steady at 1000 per
year over the past two decades. In 2002 there were
20,700 new cases of thyroid cancer (15,800 women and
4900men). During the same year there were 1300 deaths
from thyroid malignancy (800 women and 500 men),
suggesting that the prognosis is worse in men (6).

The mortality of differentiated thyroid cancer
remains low; most deaths are directly related to the
high-risk group, generally elderly patients with poorly
differentiated histology or locally aggressive tumors.
There is considerable debate and controversy about the
management of the disease. Although most patients
with well-differentiated thyroid cancer do well, there is
contention related to the extent of thyroidectomy and
postoperative management. There are vigorous propo-
nents of routine total thyroidectomy, whereas other
authors recommend less than total thyroidectomy,
depending on the prognostic factors and risk groups.
Approximately 2000 new peer-reviewed papers are
published every year on the subject of thyroid cancer,
reporting a large worldwide experience. Most of these
studies are retrospective, with a substantial institu-
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tional bias reflected in the conclusions. Prospective
randomized studies, though strongly recommended
by the American College of Surgeons Oncology
Group, are difficult to undertake. The relatively benign
course of the disease requires a large number of
patients and a long duration of follow-up for a pro-
spective randomized study. Hundahl et al. (2) recently
reviewed the data from the National Cancer Data Base
describing the demographics of 53,856 patients seen
over a period of 10 years from 1985 to 1995. Their
review reports that during that period the incidence of
papillary cancer was 78% while the incidence of fol-
licular, medullary, and anaplastic thyroid malignancy
is 13, 4, and 2%, respectively (Table 1).

Our understanding of thyroid cancer has improved
considerably in the last two decades with various reports
describing the prognostic factors and analysis of risk
groups. Hay (7,8) from the Mayo Clinic and Cady (9–
11) from the Lahey Clinic have divided patients into low
and high-risk groups. The mortality in the low-risk
group was less than 2%, while the mortality in the
high-risk group was approximately 46%. Shaha et al.
fromMemorial Sloan-Kettering Cancer Center divided
the patients into low, intermediate, and high-risk groups
with mortalities of 1, 13, and 43%, respectively (1).

2 APPROACH TO THYROID NODULES

It is almost always preferable to remove the entire
thyroid lobe and isthmus than to perform an incisional
biopsy or to remove a nodule; this is because of the
difficulty of establishing a definitive diagnosis on frozen

section (see Chapter xx). It is disheartening to receive a
final diagnosis of malignancy several days after a frozen
section has been reported to be benign—not an unusual
occurrence. The surgeon who has initially performed
only an incisional biopsy or partial lobectomy then faces
the arduous task of excising the remainder of the lobe,
with increased danger to the recurrent nerve and the
parathyroid glands, as well as a higher incidence of local
recurrence (12,13).

It is far better to remove the entire lobe and isthmus
at the initial procedure, eliminating the need to go back
to a previously dissected area. If the opposite lobe later
requires removal, the surgeon has a virgin field to
explore and the best opportunity to preserve the para-
thyroid glands and the recurrent nerve.

3 SPREAD OF THYROID CANCER NODAL

AND DISTANT METASTASIS

The spread of thyroid cancer can be divided into local
extension, cervical andmediastinal lymph node involve-
ment, and distant metastasis (14,15). It is interesting to
note that even with a small or occult primary tumor,
particularly in the adolescent to 30-year age group,
there may be bulky neck node metastases, whereas in
elderly patients it is not unusual to find a large primary
tumor without palpable neck disease. Distant metasta-
ses, however, are more likely to be seen in advanced
local disease or with massive nodal metastasis. The
incidence of nodal metastases ranges from 50 to 60%,
while distant metastases are noted at the time of initial
presentation in only 5% of patients. Most of the distant
metastases, especially in papillary carcinoma, occur in
the lungs. Follicular tumors may also present with
disseminated metastases, especially to the bones of the
pelvis and vertebral column (16,17). The incidence of
clinically apparent neck node metastases in papillary
thyroid cancer ranges from 15 to 50% (18).

There is a rich lymphatic drainage from the thyroid
gland with an extensive network of intraglandular
lymphatics. Generally they follow the venous chan-
nels, with the first echelon nodes appearing in the
tracheoesophageal groove. Subsequently, patients
often develop enlarged lymph nodes in the jugular
chain or in the superior mediastinum. In addition,
differentiated thyroid cancer is known to spread to
contralateral jugular lymph nodes in approximately
10% of cases. The lower jugular or Level IV nodes
(see Fig. 6) are commonly involved in patients with
well-differentiated thyroid cancer; the majority of
lymph node metastases are seen in the paratracheal

Table 1 Incidence and Survival of Histological Types of
Thyroid Carcinoma

Histological type
Incidence,

(1985–1990) (%)
10-Year overall
survival (%)

Papillary 77.9 93
Follicular 14.2 85

Hürthle cella 2.7 76
Medullary 3.7 75
Undifferentiated/
anaplasticb

1.6 14

a Although the survival of patients withHürthle cell carcinoma closely

matched that of patients with follicular carcinoma at 5 years, survival

at 10 years was 9% lower, suggesting a marginally worse prognosis.
b In this report, the 14% survival of anaplastic and undifferentiated

carcinoma does not discriminate between the two types. Classic

anaplastic carcinoma (giant and spindle cell tumors) has a survival

that is much worse than undifferentiated types.

Source: Ref. 2.
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and jugular chains. Superior mediastinal nodes are
also frequently involved. Level I lymph nodes (in the
submandibular and submental area), however, are
rarely affected in differentiated thyroid cancer, with
an incidence of less than 3% (19–24).

4 EVALUATING RISK GROUPS IN

DIFFERENTIATED THYROID CANCER

Before making any decisions regarding the extent of
thyroidectomy, it is valuable to understand the prog-
nostic factors and risk groups in thyroid cancer. The
European Organization for Research on Treatment of
Cancer (EORTC) initially defined variables such as age,
sex, histological type, extrathyroidal extension, and
distant metastasis in their report in 1979. A complicated
scoring system was addressed in this review (25).

Many prognostic systems are available, but essen-
tially they all relate to the above features. Understand-
ing the components of these indicators is important in
the overall management of differentiated thyroid can-
cer. Other prognostic factors such as DNA ploidy, p53
mutation, EGF receptor, and adenylate cyclase activity
are reported, but these molecular prognostic factors are
not useful in clinical practice at this time.

Hay et al. from theMayo Clinic defined the prognos-
tic factors as AGES—age, grade of tumor, extrathy-
roidal extension, and size of tumor (2,26). The grade of
the tumor was difficult to interpret at many other in-
stitutions; Cady et al. from the Lahey Clinic defined the
prognostic factors as AMES—age, distant metastasis,
extrathyroidal extension, and size of the tumor (9–11).
The Mayo Clinic revisited the prognostic factors and
defined the new system as MACIS—metastasis, age,
completeness of resection, local invasion, and size of
the tumor (27). Completeness of resection is a critical
prognostic factor; the goal of any surgical procedure
should be to remove all gross tumor. Based on these
prognostic factors, theMayoClinic and theLaheyClinic
divided the patients into low- and high-risk groups.

The reviewers from Memorial Sloan-Kettering Can-
cer Center formulated prognostic factors based on
patient-related and tumor-related factors, dividing their
patients into low, intermediate, and high-risk groups.
The low-risk group included patients under the age of 45
with low-risk tumors, while the high-risk group
included patients above the age of 45 with high-risk
tumor. The intermediate-risk group was divided into
two categories: young patients with aggressive tumors
or older patients with less aggressive tumors. Long-term
survival in the low, intermediate, and high-risk groups

was reported to be 99, 87, and 57%, respectively.
Interestingly, when these data were reviewed for the
patients in the low risk-group who died, it was found
that all four had had aggressive histolological features
that were not initially reported (28–30).

These prognostic scoring systems are critical to sur-
geons who selectively employ lobectomy or total thy-
roidectomy for the management of differentiated
cancer. For others who routinely perform total or
near-total thyroidectomy without regard to risk group
criteria, they offer a valuable prognostic indicator and
the opportunity to evaluate the results of treatment.

5 PAPILLARY CARCINOMA

Papillary, papillary-follicular carcinoma, and papillary
variant of follicular carcinoma comprise about 85% of
differentiated thyroid cancer and share the same prog-
nosis (31–33). The realization that the follicular variant
of papillary carcinoma is a form of papillary carcinoma
rather than a follicular cancer, which has a less favor-
able outlook, explains the erroneously better cure rates
for follicular cancer in the older literature. Other rarer
types of papillary carcinoma such as tall cell, insular,
diffusely sclerotic, and columnar cell are more aggres-
sive and usually present at a higher stage.

Papillary cancers characteristically spread to neck
nodes and at times to the lungs. Neck node metastases
generally do not affect survival. The most critical
prognostic feature is the age of the patient; those who
are over 45 have a much poorer outlook than those who
are younger.

Small papillary carcinomas (V1 cm), sometimes
referred to as ‘‘occult’’ or microcarcinoma, have an
excellent prognosis, but the outcome becomes worse as
the size of the primary tumor increases; those >4 cm.
in diameter have a distinctly decreased survival (34, 35).

Extension of the tumor beyond the capsule of the
thyroid, invasion of adjacent tissues, or distant metasta-
ses are adverse factors in the overall cure rates (36–38).

6 FOLLICULAR CARCINOMA

These tumors are less frequent than the papillary type,
comprising approximately 15% of thyroid cancers, and
have a less favorable prognosis (39–41). The incidence
increases in iodine-deficient areas. There is no evidence
that benign follicular adenomas develop into cancer.
The overwhelming proportion are nonfunctional and
appear cold on radioactive scan.
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Follicular cancers are less likely to spread to regional
lymph nodes and have a higher incidence of distant
metastases than papillary cancer. Metastases presenting
at the time of diagnosis portend a poor outlook; bone
and lungs are the most frequent sites.

The Hürthle cell variant has been of special interest,
with some authorities finding that they aremore likely to
metastasize, exhibit a more aggressive behavior, and
have a decreased survival. This has been challenged by
others who state that stage for stage they have the same
outlook as other follicular cancers. In a recent study it
was noted that, unlike other differentiated thyroid can-
cers, nodal metastases augur a worse outcome (42–47).

7 EXTENT OF SURGERY FOR

DIFFERENTIATED THYROID CANCER

Microscopic cancer that does not influence the out-
come of the disease is an important factor in the man-
agement of differentiated thyroid cancer. The issue is
whether or not it should be surgically removed. After
years of contention it is now almost universally accep-
ted that neck dissection is not indicated in patients with
clinically negative nodes—even though a high percent-
age are positive on microscopic evaluation. Contro-
versy remains in regard to the extent of thyroidectomy
required for differentiated thyroid cancer in relation
to its frequent microscopic presence in the opposite
lobe (30–50%).

The major indications for total thyroidectomy
include high-risk patients with high-risk tumors, young
patients with bulky nodalmetastasis, patients with gross
disease in both lobes of the thyroid, major extrathy-
roidal extension, or a preoperative diagnosis of poorly
differentiated thyroid cancer (48). A thyroidmalignancy
in a patient with a history of radiation to the neck is also
an indication for total thyroidectomy because of the risk
of developing disease in the opposite lobe. Patients who
present initially with distant metastasis are advised to
undergo total thyroidectomy to facilitate radioactive
iodine ablation.

Authors who advocate routine use of total thyroid-
ectomy point to the following (49):

1. The high incidence of microscopic disease in the
opposite lobe (40–70%). Although clinical re-
currence is 5% or less, it can be reduced by total
thyroidectomy.

2. Total thyroidectomy permits ablation of all
thyroid tissue, increasing the sensitivity of early
detection of pulmonary metastasis or other

metastatic disease by radioactive iodine and
monitoring with serum thyroglobulin levels.
The location of metastatic disease and its treat-
ment by RAI ablation becomes easier.

3. It removes theminimal possibility that anaplastic
or poorly differentiated thyroid cancer could
develop in the thyroid remnant.

4. Although many authors advocate a decision on
whether to perform total thyroidectomy or
lobectomy by the use of staging systems that
define- high and low-risk categories, these clas-
sifications are postoperative evaluations. Factors
such as aggressive tumor pathology or the extent
of local tissue invasion are not available pre-
operatively. Distant metastases may not be ap-
parent until postoperative radioactive iodine
studies or thyroglobulin levels reveal them (50).

Wong (51) states that when patients are treated by
total or near-total thyroidectomy with postoperative
radioiodine, the ‘‘benefit of improved survival is similar
to that obtained by not smoking, or surgery for three-
vessel coronary artery disease.’’ In a report on optimal
treatment strategy in patients with papillary thyroid
cancer, Esnaola et al. from the M.D. Anderson Cancer
Center report that total thyroidectomy maximizes life
expectancy in low as well as high-risk patients (31).
Mazzaferri et al. advise that all patients with follicular
carcinoma should have total thyroidectomy to facilitate
postoperative radioiodine therapy, noting that most
deaths are due to distant metastases (39).

Others disagree, finding survival rates in low-risk
patients with differentiated thyroid carcinoma essen-
tially the same, whether treated by lobectomy or total
thyroidectomy. There is general agreement, however,
that high-risk patients or those who present with distant
metastases should have total thyroidectomy and radio-
iodine ablation.

The proponents of less than total thyroidectomy
appreciate these logical points, but they base their
treatment philosophy on the risk group analysis. The
long-term results in the low-risk group are a survival of
99%; routine total thyroidectomy in this group does not
appear to be warranted. The major argument for total
thyroidectomy is the presence of microscopic disease in
the opposite lobe, but the clinical appearance of recur-
rent disease in the opposite lobe is less than 5%. Multi-
centric microscopic disease is considered a ‘‘laboratory
cancer’’ with no significant prognostic implication.
Authors who favor hemithyroidectomy for low-risk
cancer state that a minority of patients will require
postoperative radioactive iodine. This would represent
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patients in the high-risk group, those with locally
aggressive tumors, or poorly differentiated histology.
These authors feel that for a patient presenting with a
solitary thyroid nodule less than 1–1.5 cm in diameter
and no other adverse features, lobectomy and isthmu-
sectomy is effective treatment and usually the maximum
surgical procedure necessary. Routine application of
total thyroidectomy in every patient presenting with
solitary thyroid nodule is probably unnecessary (1,48).

8 TECHNIQUE OF THYROIDECTOMY

The complications of thyroid surgery are directly
related to the extent of surgery and inversely propor-
tional to the experience of the operating surgeon. Total
thyroidectomy would be the treatment of choice for all
primary thyroid malignancy if it were not for the risk of
hypoparathyroidism and recurrent nerve injury. It
offers the advantage of removing the primary lesion
and all foci of malignant tissue within the thyroid gland.
The elimination of the total thyroid parenchyma (which
might require radioactive iodine ablation of any rem-
nant) would enable the physician to monitor the patient
for recurrence with radioactive iodine scanning and
serum thyroglobulin levels.

In practice, the benefits of total thyroidectomy must
be weighed against a risk of permanent hypoparathy-
roidism ranging up to 4–5% and the hazard of recurrent
nerve injury of 1–3%. The usual extended course and
good prognosis of well-differentiated thyroid carcinoma
makes it difficult to select those patients who warrant
the risk of total thyroidectomy.

The initial approach for the surgery of differentiated
thyroid carcinoma is total lobectomy on the side of the
lesion with resection of the isthmus and pyramidal lobe.
We emphasize visualization of the recurrent nerve and
parathyroid glands.With experience it becomes possible
to identify themandpreserve their blood supply.Careful
hemostasis is needed so that the distinctive appearance
of the parathyroid glandswill not be altered. The normal
parathyroid is bean shaped, 3–6 mm. This is in marked
contrast to the globular, oval or rounded appearance
of a lymph node. The color is a dark yellow, tan, or
brownish hue, different from the lighter yellow color of
fat, or the darker gray, pink, or varying flesh tones of
lymph nodes. It is usually cradled in a fat pad creating a
distinctive combination. As the gland ismanipulated, its
color becomes darker because of vascular impairment, a
feature not found with fat or lymph nodes.

The thyroid incision is placed transversely across the
neck below the cricoid and at least two fingerbreadths

above the sternal notch (Fig. 1). Many surgeons outline
the incision by placing a suture across a crease line in
the neck, creating pressure, and then making the inci-
sion in the depressed line. We prefer to carefully mark
the midline and draw a line across the neck at a level
that is measured and marked by a pen. A slightly
upward curve is desirable. This has proved more pre-
dictable for us than the string method. The use of a
natural crease line in the neck is attractive if the line is
horizontal, but if the natural line is oblique, such an
incision becomes unsightly. A higher location in the
neck produces a more pleasing appearance; an incision
close to the sternum tends to spread. A position closer
to the cricoid cartilage makes dissection of the upper
portion of the recurrent laryngeal nerve easier than a
lower one because of better exposure in the area where
the nerve ascends below the cricothyroid muscle. A
more superiorly placed incision also facilitates a cos-
metic extension of the wound laterally and upward,
should a neck dissection be required.

Recently we have used the ‘‘harmonic scalpel,’’ an
ultrasonic knife that seals as it cuts, as an adjunct in
the performance of thyroidectomy. This instrument
makes it possible to divide tissue without the need for
ligatures. It is useful in dividing the superior pole
vessels, transecting the ima vessels, and dividing the

Figure 1 Placement of thyroid incision.
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thyroid isthmus as the gland is separated from the
trachea. Other portions of the operation are performed
with traditional instruments.

A key to facile and elegant neck and thyroid surgery
is to take advantage of tissue planes of the deep cervi-
cal fascia. Elevating the superior and inferior flaps is
almost bloodless if the layer just beneath the platysma
is followed and dissected. The strap muscles, which are
enclosed by the cervical fascia, can be cleanly separated
from the thyroid by identifying this investing layer. The
larynx, thyroid, trachea, pharynx, and esophagus are
contained within separate compartments. A fascial
layer also encloses the thyroid gland, facilitating its
mobilization. The parathyroid glands have their own
separately derived capsules that ease their separation
from the thyroid.

Good exposure is obtained by separating the strap
muscles in the midline and retracting them laterally.
Transverse division of the medial portion of the sterno-
hyoid muscle near its insertion provides marked addi-
tional increase in access. Since the muscles form an ‘‘A’’

shape, the additional incision at the narrowed space
between their upper portions offers a geometric increase
in visibility. The sternothyroid muscle is routinely
divided completely for better visibility (Fig. 2).

If the tumor is large or inaccessible, there should be
no hesitation to completely divide the strap muscles
transversely at their lower third. At the end of the
procedure sternohyoid muscles are repaired. We have
found it unnecessary to reapproximate the sternothy-
roids. If the strap muscles are adherent to the thyroid
gland, especially to the tumor, they are resected with the
gland. It is not unusual for malignant disease of the
thyroid to penetrate the musculature.

After the thyroid gland is exposed, the middle thy-
roid vein is divided. This vessel drains directly into the
jugular vein; failure to ligate it securely may risk hem-
orrhage that would make it more difficult to identify the
parathyroid glands and recurrent nerve. It is then
possible to mobilize the thyroid lobe—often by blunt
dissection. The next goal is the division of the upper pole
vessels. The thyroid lobe is first retracted downward and
laterally to expose the superior pole vessels. Visualizing
the cricothyroid muscle is the key to safe dissection of
the upper pole. It is often helpful to divide the cricothy-
roid branch of the superior thyroid artery to gain access
to the space between the cricothyroid muscle and upper
pole vessels (Fig. 2). By clearing this space and placing a
curved clamp from medial to lateral beneath the upper
pole vessels, it is possible to avoid injury to the cricothy-
roid muscle’s close companions: the superior and recur-
rent laryngeal nerves. The superior laryngeal nerve,

which may be close to the vessels or even accompany
them, is best preserved by awareness of its presence,
isolating and dividing the superior pole vessels individ-
ually close to the upper pole of the thyroid. Sometimes
the nerve can be seen as it descends with the vessels and
on to the cricoid muscle, but usually it is not visualized
(Fig. 3). A recent study showed that identification and
dissection of the superior laryngeal nerve offered no
better protection from damage than simply transecting
the superior vessels close to the thyroid (52). We prefer
to divide the superior pole vessels initially because it
increases the mobility of the thyroid lobe, facilitating
exposure of the parathyroid glands and recurrent nerve.
Rotating the thyroid lobe medially and pulling it
upward stretches the nerve, aiding in its identification
and dissection. It also makes it easier to look for a
superior parathyroid gland or a suggestive fat pad
posterior and lateral to the upper pole (Fig. 3). When
not present in its classic position, it is often located
lower, close to the main trunk of the superior thyroid
artery, or a centimeter or so above the inferior thyroid

Figure 2 Exposure of the thyroid gland. The medial third of
the sternohyoid muscle has been divided to provide greater
access to the thyroid gland, particularly the upper pole.

Transection of the sternothyroid muscle, as diagrammed, will
offer direct and easy access of the thyroid lobe and the
superior pole vessels. Division of the cricoid branch of the
superior thyroid artery offers increased exposure to the space

between the cricothyroideus and the superior pole of the
thyroid. (From Ref. 13.)
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artery. If visualized, the gland is not mobilized at this
time. Dissection of the upper pole is discontinued.
Berry’s ligament is not blindly transected. This avoids
injury to the parathyroid gland or its blood supply,
which if not already located, may be present in the
areolar and fatty tissue posterior to the superior pole
vessels. It also avoids damage to the recurrent nerve,
which may traverse the ligament (13) (Fig. 3).

Once the superior vessels are divided, attention is
directed to searching for the recurrent laryngeal nerve
and inferior parathyroid gland; the inferior thyroid
artery is the key to both. The common carotid artery
is a good landmark; the inferior thyroid artery is found

at a right angle to the carotid artery entering the
midportion of a normal thyroid lobe. In order to locate
the midpoint of the lobe, the surgeon must mentally
discount the distortions produced by tumors or other
abnormal enlargements in varying portions of the lobe
and visualize its original size and shape.

The recurrent nerve courses under the inferior thy-
roid artery in 80% of patients, forming the hypotenuse
of a triangle with the carotid artery as the third limb
(Fig. 3). In 20% of patients it travels above the inferior
thyroid artery. The right recurrent nerve follows an
upward course obliquely cephelad from lateral to
medial as it recurs around the subclavian artery. The
left nerve ascends directly upward in the tracheoeso-
phageal groove after it recurs around the arch of the
aorta. The nerves can frequently be palpated before
they are seen by running a finger transversely across the
trachea below the level of the inferior thyroid artery;
they feel like a taught cord. In rare situations the right

Figure 3 The middle thyroid vein and the superior pole
vessels have been divided and ligated. The thyroid is
retracted medially, visualizing the recurrent nerve coursing

between branches of the inferior thyroid artery and continu-
ing upward to split just as it travels beneath the cricothy-
roideus. The superior laryngeal nerve is seen as it enters the
cricothyroideus. A curved hemostat elevates Berry’s ligament

as it is divided, displaying the superior parathyroid just
posterior to the recurrent nerve. A supernumary parathyroid
is present in the thymus.

Figure 4 The upper pole has been divided, the inferior
thyroid artery transected, and the recurrent nerve had been

dissected. In this patient the nerve is ‘‘nonrecurrent,’’ coming
directly from the vagus. The superior parathyroid gland has
been mobilized, displaced posteriorly, and preserved. The

inferior laryngeal artery will be divided as close as possible to
the thyroid lobe to avoid bleeding in this critical area and
injury to the recurrent nerve. The inferior parathyroid gland is
located too far from a branch of the inferior artery to be

preserved with its blood supply. It will be necessary to remove
the gland and implant its fragments into the sternomastoid
muscle in order to preserve its function. (From Ref. 13.)
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recurrent laryngeal nerve enters directly from the vagus
and is ‘‘nonrecurrent’’ (Fig. 4). If the surgeon has
difficulty finding the nerve in the lower area of the neck,
an excellent alternative approach is to search for it at
the inferior margin of the cricothyroid muscle, at the
junction of the anterior third and the posterior two
thirds. It often splits just below this point. This is a
reliable location for finding the nerve, and it can then be
traced downward along the trachea. A small area of
thyroid parenchyma, the tuberculum Zuckerkandl,
overlies the superior portion of the recurrent nerve.
This tissue is dissected carefully to avoid injury to the
underlying nerve.

Exploration of the distal branches of the inferior
thyroid artery may lead to the lower parathyroid, which
is nourished by a terminal branch. This branch or loop
must be carefully sought and preserved; meticulous
dissection is required to accomplish this. Great care
must be taken to divide the inferior thyroid artery distal
to the parathyroid branch (Fig. 5). It is good judgment
to preserve as much of the inferior thyroid artery and its
branches as possible, since it supplies the blood to the
upper as well as the lower parathyroid glands. The
location of the inferior parathyroid is less constant than
that of the superior gland. Often it may be at some
distance from the thyroid, and at times it may not be
found. The practice of dividing the inferior thyroid
artery as far distally as possible often preserves the
blood supply to such a gland. Sometimes, however,
the parathyroid gland may be found so far anteriorly
on the thyroid lobe that it cannot be preserved with its
blood supply. In these instances it should be removed,
minced into 1–2 mm fragments, and implanted into
the sternomastoid muscle (see Chapter 19). Placing the
gland in a bath of iced saline until it is ready for use
makes it firmer and easier to handle.

After the recurrent nerve has been identified, the
thyroidea ima vessels can be safely divided inferiorly.
The thyroid lobe is retracted upward, and by placing a
scissors on the top of the recurrent nerve and spreading
the blades, a plane is developed superior to the nerve
that can be followed cephelad. The nerve is dissected by
separating the tissues that are superior to it. The under-
surface is not disturbed to avoid damaging its blood
supply. It is followed upward to the point where it
enters the larynx just below the cricothyroideus muscle.
In more that half of patients the nerve splits, sometimes
into more than two strands. All branches must be
preserved. Berry’s ligament, which anchors the poste-
rior portion of the upper pole to the trachea and
pharynx, is encountered near this point. The ligament
is now divided under direct vision as the nerve is kept in

sight, and the superior parathyroid gland is mobilized
posteriorly to avoid damage to these structures. It is
important to note a constant branch of the inferior
thyroid artery, the inferior laryngeal artery, emerging
medially from beneath the recurrent laryngeal nerve
just before the nerve enters beneath the cricothyroid
muscle (Fig. 4). Careful clamping, division, and ligation
of this vessel before the thyroid is resected from the
trachea avoids hemorrhage at a site where the nerve
would be at considerable risk. Sudden bleeding is best
handled by sponge gauze compression so that, being
constantly aware of the presence of the nerve, and with
the aid of suction if necessary, the bleeding source can
be methodically and carefully identified and clamped in
a controlled and safe fashion. It is then a simple matter
to remove the thyroid lobe by sharp dissection from the
fascia overlying the trachea. Care must be taken to
trace the pyramidal lobe upwards and remove it as
completely as possible. It is often overlooked and later

Figure 5 The superior parathyroid gland is not found in its

classic position, but in the areolar tissue adjacent to Berry’s
ligament, which has not yet been divided. The gland is
located only after division of the upper pole vessels and

rotating the thyroid gland medially. A long segment of the
inferior thyroid artery must be preserved to maintain the
arterial loop, which returns backward to nourish the inferior
parathyroid gland. The preferred site for division of the

vessel is shown. An additional parathyroid gland present in
the thymus will be preserved. (From Ref. 13.)
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appears as residual uptake in postoperative scans. The
isthmus is also routinely removed as part of a thyroid
lobectomy to eliminate the later possibility of a mass in
the anterior neck.

In some instances the recurrent nerve may not be in
its usual position; it may be stretched and displaced
anteriorly or posteriorly by a large goiter or nodule; the
nerve must be carefully sought and separated to avoid
injury. Delivery of substernal extensions of goiters
without confirming the location of the nerve is hazard-
ous; awareness of the site of the nerve is critical before
removal of the tumor.

If a parathyroid gland appears nonviable at the end
of the operation and is sufficiently removed from the
tumor, it should be removed, minced, and transplanted
into the sternomastoid muscle. We find it valuable to
inspect the postlobectomy specimen for a gland that
may have been inadvertently removed. If so, it can be
transplanted.

We make the decision of whether to embark on
total thyroidectomy by evaluating the postlobectomy
status of the parathyroid glands on the side of the
dominant lesion. If the parathyroid glands on the ini-
tial side are problematic, we prefer to preserve a
posterior shell of normal thyroid on the uninvolved
side to protect the glands and the recurrent laryngeal
nerve (‘‘near total thyroidectomy’’) (see Chapter 9).
There is almost always grossly normal parenchyma
that can be saved posteriorly. The patient will be far
better off with a bit of residual thyroid tissue than with
permanent hypoparathyroidism.

In most cases drainage is not required. When it does
seem necessary, we prefer the use of a large (#10)
Jackson Pratt drain connected to suction. It is impor-
tant to note that the presence of a drain does not
necessarily remove the risk of compression in the closed
space of the neck. Clots within the neck and in the drain
can render it nonfunctional. We prefer a simple light
dressing so that the neck can be observed readily and the
wound can be opened quickly if necessary.

9 COMPLETION THYROIDECTOMY

The subject of completion thyroidectomy is complex; it
essentially mirrors the preference of the surgeon or
endocrinologist in the management of thyroid carci-
noma. Although there is general agreement that small,
differentiated thyroid cancers are well treated by lobec-
tomy, the situation becomes more involved when the
tumor is larger, the extent of the disease is greater, and
differing histological types are considered.

The usual situation is a change in the diagnosis from
benign follicular tumor on frozen section to malignant
on final examination. If the lesion is large, has adverse
features such asmajor extensionbeyond the thyroid cap-
sule, or vascular invasion, completion thyroidectomy is
recommended; it removes all thyroid parenchyma that
might contain additional disease and permits effective
radioiodine identification and treatment of metastatic
tumor. It also makes it possible to follow the patient
with thyroglobulin levels. Adverse histological features
found on final section (e.g., tall or columnar cell carci-
noma, diffuse sclerosing variant, extension beyond the
thyroid capsule, or areas of undifferentiated carcinoma)
militate towards completion thyroidectomy. Unsuspec-
ted medullary carcinoma requires total thyroidectomy.

Some authors feel that Hürthle cell carcinoma is
more aggressive and warrants completion thyroidec-
tomy. However, the most important prognostic factor
in Hürthle cell tumor is the extent of capsular invasion.
Minimal capsular invasion indicates excellent progno-
sis, while patients with widely invasive Hürthle cell
tumors do poorly (53).

In experienced hands there should be no increased
risk in completion thyroidectomy. We prefer a lateral
approach to avoid midline scarring, exposing the thy-
roid between the sternomastoid and strap muscles. The
lobe will not have been scarred by previous dissection
and resection should be nomore difficult than a primary
lobectomy.

There are no studies demonstrating the effect of
completion thyroidectomy on survival. Although
microscopic disease is present in the opposite lobe in
25–60%of patients with differentiated thyroid cancer, it
does not correlate with a clinical recurrence rate of 5%
in the contralateral thyroid lobe.

10 SURGICAL MANAGEMENT OF NECK

NODES

Reports in the literature have concluded that the prog-
nosis in papillary cancer of the thyroid is usually not
affected by the presence or absence of lymph node
metastasis. However, in patients above the age of 45,
it does represent an adverse prognostic factor, especially
as related to recurrent neck disease or distant metas-
tasis.

The incidence of nodal metastasis is much higher in
young individuals, but most of these patients will do
extremely well, probably related to their age. The cumu-
lative incidence of cervical lymph node metastasis in
papillary, follicular, and Hürthle cell tumors is reported
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by Shaha et al. to be 61, 30, and 21%, respectively (54).
Hughes et al. (5) studied the impact of lymph node
metastasis in differentiated thyroid cancer by matched-
pair analysis. They selected 100 patients withN0 andN1
disease. Overall, there was no survival difference in these
two groups. However, their analysis demonstrated a
higher incidence of recurrence in N1 patients above the
age of 45. The long-term survival in patients with nodal
metastasis above the age of 45 was slightly lower. Below
the age of 45, there was no survival difference. They
concluded that nodal metastases in older patients
increase the risk of neck recurrence.

An important issue in the management of cervical
node metastasis in differentiated thyroid cancer is the
role of elective neck dissection. The incidence of nodal
metastasis in the paratracheal area and central com-
partment is quite high; a central compartment clear-
ance is recommended if there are obvious clinically
enlarged lymph nodes at the time of surgery. However,
elective neck dissection in the absence of grossly
enlarged lymph nodes is generally not advocated. The
usual practice during the intraoperative management is
to evaluate the central compartment, the paratracheal
nodes, the nodes in the tracheoesophageal groove, and
the superior mediastinal nodes. If there are suspicious
nodes in the tracheoesophageal groove, central com-
partment clearance is generally advocated, with
removal of the lymph nodes at Level VI. Along with
this, the superior mediastinum should be evaluated; if
there are any obvious enlarged lymph nodes, they
should be removed as well. Whether routine central
compartment neck dissection should be performed in
papillary thyroid cancer remains controversial. Gener-
ally, if the lymph nodes are clinically not suspicious or
not enlarged, routine central compartment neck dis-
section is not advocated because of the high likelihood
of permanent hypoparathyroidism.

The surgical procedure of selective node dissection,
or ‘‘berry picking,’’ is not recommended because of the
high incidence of recurrent disease in the neck. If clini-
cally positive nodes are apparent, a modified neck dis-
section is advocated. In individuals with bulky nodal
metastasis, routine total thyroidectomy should be per-
formed to remove disease and to facilitate the use of
radioactive iodine ablation and follow-up. These pa-
tients may already have pulmonary metastases that can
be documented only after radioactive iodine ablation.

10.1 Neck Dissection

Lymph nodes in the neck are classified by location
(Fig. 6). The standard radical neck dissection popular-

ized by George Crile in 1906 includes removal of lymph
nodes in the neck along with three important structures:
sternomastoid muscle, internal jugular vein, and the
accessory nerve. Considering the low biological aggres-
siveness of thyroid cancer, the standard classical neck
dissection is rarely indicated for patients with differ-
entiated thyroid cancer. Generally, these three signifi-
cant structures can be preserved. Occasionally the
sternomastoid muscle or the jugular vein may have to
be sacrificed due to extensive metastatic disease or if the
muscle is directly invaded by tumor. The jugular vein
should be resected if it is invaded by nodal or gross
disease or if is intimately adherent to tumor. There is
minimal adverse effect on the patient from the loss of
one jugular vein. Every effort, however, should be
made to preserve the accessory nerve, which is impor-
tant for shoulder function. Since the involvement of

Figure 6 Lymph nodes leFvels in the neck. Level I:
submandibular triangle; Levels II, III, IV: nodes accompany-
ing the jugular vein; (high, mid, and low, respectively); Level

V: posterior triangle and supraclavicular fossa; Level VI:
paratracheal; Level VII: superior mediastinal.

Shaha and Schwartz68



submaxillary nodes is rare in thyroid cancer, routine
dissection of this area is usually not undertaken.

10.2 Central Compartment Dissection

The central compartment extends from the jugular vein
to that on the opposite side. The superior boundary is
the hyoid bone, and the inferior is the suprasternal
notch. The lymph nodes included in this area are the
pretracheal (Delphian) nodes, paratracheal nodes, and
lymph nodes in the tracheoesophageal groove. Central
compartment clearance is undertaken in locally aggres-
sive thyroid cancers, poorly differentiated thyroid can-
cers, or those with adverse histological features—or if
clinically positive enlarged lymph nodes are present.
The jugular area is also evaluated; if no enlarged lymph
nodes are present along the jugular vein, central com-
partment neck dissection is usually not performed.

Special attention to the parathyroids is required since
they are at great risk in central compartment clearance.
If a parathyroid becomes devascularized, it should be
implanted into the sternomastoid muscle.

11 MANAGEMENT OF LOCALLY

AGGRESSIVE THYROID CANCER

The philosophy of management of locally aggressive
thyroid cancer is different from that of low-risk disease.
A critical prognostic factor in differentiated thyroid
cancer is the presence of extrathyroidal extension. The
overall outcome in patients presenting with locally
aggressive thyroid cancer or that invading the surround-
ing structures is poor. The presence of extrathyroidal
invasion is associated with an increased frequency of
local recurrence, metastatic nodal disease, and distant
metastasis. In addition, patients presenting with extra-
thyroidal extension of disease have a high incidence of
local recurrence, with a subsequent mortality of almost
50%. Involvement of the trachea or larynx may lead to
airway obstruction and acute hemorrhage. Themajority
of deaths in differentiated thyroid cancer are directly
related to central compartment recurrence.

Locally aggressive disease usually involves anatom-
ical extension from thyroid into the surrounding struc-
tures in the midline of the neck. It may also be related to
the histological grade of the tumor such as poorly
differentiated thyroid cancer, tall cell, insular, trabecu-
lar, or columnar cell variants. In addition it may be a
reflection of molecular characteristics that still need to
be studied in detail. In the future, interest in molecular

markers such as EGF receptor, p53, ploidy, CGH, and
DNA array may shed more light on the aggressiveness
of locally advanced thyroid cancer.

The location of the thyroid gland adjacent to the
upper aerodigestive tract facilitates direct invasion of
the tumor into the thyroid cartilage, trachea, recurrent
laryngeal nerve, and esophageal musculature. The most
common sites of locally aggressive thyroid cancer in-
clude the strap muscles, followed by tracheal wall,
recurrent laryngeal nerve, or esophageal musculature.

Laryngeal structures are infrequently involved. Inva-
sion of the larynx may be from direct extension of
disease through the thyroid cartilage or spread behind
the thyroid cartilage into the paraglottic space. When
there is extension to the trachea, it can occur between
the tracheal rings, or tumor may directly penetrate the
cartilaginous structures. The recurrent laryngeal nerve
may be invaded by the tumor at the cricothyroid area
near the ligament of Berry, or it may be involved by the
nodal metastasis in the paratracheal region. Preopera-
tive evaluation of vocal cord mobility is critical to
determine the extrathyroidal spread of the disease. Once
there is intraluminal extension, the prognosis is poor,
with a high incidence of local recurrence. Andersen et al.
(55) from Memorial Sloan-Kettering Cancer Center
recently noted that in patients below the age of 45,
complete excision of tumors with extrathyroidal exten-
sion resulted in improved survival. Complete excision of
tumor in patients over 45, however, did not. This is most
likely due to the increased aggressiveness of the disease
in older patients. Still, complete resection should always
be the goal in order to improve survival and avoid local
recurrence.

11.1 Evaluation of Locally Aggressive Thyroid

Cancer

The most important clinical findings include fixed cen-
tral compartment neck mass, fixed thyroid gland,
hoarseness, dysphagia, difficulty in breathing, and
hemoptysis. The presence of hemoptysis with a thyroid
mass and a paralyzed vocal cord essentially indicates
intraluminal extension of disease. Indirect or fiberoptic
laryngoscopy should be a routine part of the preoper-
ative evaluation in thyroid surgery. Patients may also
have a paralyzed vocal cord without a change in their
voice. Imaging studies are helpful to evaluate the extent
of the disease and location of the extrathyroidal spread.
If a CT scan is performed, it is preferable not to use
contrast, which would delay postoperative radioactive
iodine ablation. Preoperative endoscopy is crucial if it
suspected that extensive surgery may be required; lar-
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yngoscopy, tracheoscopy, and bronchoscopy will define
the intraluminal disease.

11.2 Surgical Management of Locally

Advanced Thyroid Cancer

The anterior extension of the disease may infiltrate the
strap muscles. This finding does not appear to result in
poor outcome; all gross tumor can usually be removed
without difficulty at the time of surgery (36,38). If the
strap muscles are involved by extrathyroidal extension
of the disease, they should be sacrificed from the thyroid
cartilage to the sternum. It is easy to resect anterior
extension of extrathyroidal disease en bloc with the
strap muscles.

The decision regarding the management of recurrent
laryngeal nerve is complex. If the nerve is paralyzed
preoperatively, it is wise to sacrifice it along with
resection of the surrounding soft tissues for better
oncological clearance. However, if the nerve is func-
tioning preoperatively, every attempt should be made
to preserve it in continuity. In the event that the nerve
appears to be involved by tumor, it should be resected.
The tumor may occasionally encircle the nerve, at
which time one has to make a critical decision regarding
sacrifice of the nerve. The nodal disease can also be split
in front of the nerve and resected in toto. However, it is
crucial not to leave any gross tumor behind near the
recurrent laryngeal nerve. If tumor invades the esoph-
ageal musculature, a local resection may be possible.
Sometimes it may be feasible to remove disease without
entry into the mucosa of the esophagus. It is important
to avoid injury to the esophageal mucosa and a result-
ing mediastinal fistula. If small opening of the mucosa
is noted, it should be sutured securely with an esoph-
ageal bougie in place to avoid esophageal stenosis.

When the tumor invades the trachea, the manage-
ment decisions are complex. It is extremely important
to evaluate the extent of the disease on the tracheal wall
and to note whether there is intraluminal tumor or
peritracheal disease adherent to the tracheal rings.
Grillo and Zannini (37) described four types of tracheal
involvement extending from the tumor adherent to the
tracheal wall and cartilage to the intraluminal extension
of the disease. If the tumor does not directly invade the
trachea and can be removed by sharp dissection, the
procedure is satisfactory and preserves vital functions.
However, if the tumor invades the lumen of the trachea,
appropriate excision is required. If the tumor invades
intraluminally, it will usually necessitate a sleeve resec-
tion with end-to-end anastomosis. In rare circumstan-
ces, if the involvement is minimal, a tracheal window

can be removed and reconstruction accomplished by
using surrounding musculature or a sternomastoid
periosteal flap from the sternomastoid and periosteum
of the clavicle. A variety of techniques are described in
the literature for reconstruction of the partial tracheal
defect, including the insertion of the tracheostomy
tube. However, it is important to remove all gross
tumor—even though this may require resection of the
tracheal segment. Involvement of the laryngeal carti-
lage may necessitate either resection of the laryngeal
cartilage with its perichondrium or partial laryngec-
tomy. If the entire larynx is destroyed or there is major
intraluminal disease, total laryngectomy is undertaken.
However, the necessity of primary total laryngectomy
in well-differentiated thyroid cancer is extremely rare. If
the tumor invades the cricoid cartilage, the surgical
resection is quite complex and may require total lar-
yngectomy. If the tumor invades the trachea and the
esophagus, a total laryngopharyngectomy with recon-
struction of the hypopharynx can be performed with
jejunal free flap.

12 COMPLICATIONS OF

THYROIDECTOMY

A variety of complications are well recognized as being
specific to thyroid surgery. These can be distressing,
especially those related to postoperative hemorrhage,
airway distress, recurrent laryngeal nerve injury, per-
manent hypoparathyroidism, and chyle leakage.

12.1 Postoperative Hemorrhage

The thyroid is an extremely vascular organ; postoper-
ative hemorrhage can occur due to continuous bleeding
from the cut surface of the thyroid gland, slipping of a
ligature, or increased cervical pressure due to coughing
or bucking, especially during extubation. Drains have
little impact on bleeding or postoperative hematoma;
their most valuable feature is that they call attention to
the bleeding. Suction drains can control limited bleed-
ing as well as giving notice of the problem, but when
there is a combination of continued hemorrhage and
hematomas, they invariably cease to function. Bleeding
usually occurs within 8–24 hours of the surgery; the
patient may complain of tightness of the neck, increas-
ing difficulty in breathing, and obvious swelling in the
neck. It is important not to cover the thyroid incision
with extensive dressings that may mask postoperative
bleeding and hematoma. If the hemorrhage continues,
it can produce life-threatening airway compression
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related to decreased venous return and laryngeal
edema. The wound should be opened immediately at
the bedside to relieve the pressure. If the airway is
compromised, emergency intubation may be required.
If there is difficulty in intubation because of laryngeal
edema, tracheostomy or cricothyrotomy must be per-
formed promptly, through the wound. The patient can
then be brought safely to the operating room for
appropriate control of the problem. Even if the wound
is opened at the bedside and the hematoma, bleeding,
and pressure are relieved, it is frequently necessary to
bring the patient to the operating room for wound
irrigation, removal of remaining clots, and to search for
the bleeding vessels. Not infrequently the bleeding
point cannot be found at reexploration. At other times
bleeding may originate in the region of the recurrent
laryngeal nerve, adjacent to Berry’s ligament. Great
care is necessary in reexploration to avoid injury to the
recurrent laryngeal nerve.

Although it is popular to perform thyroidectomy as
an outpatient procedure, sending the patient home a
few hours later, postoperative hemorrhage in a situa-
tion where it cannot be controlled can be lethal. The
authors feel that an overnight stay is safer. In a decision
analysis with historical outcome data, Schwartz et al.
predicted that for every 100,000 thyroidectomies per-
formed, 94 deaths secondary to postoperative bleeding
could be prevented by a 24-hour hospitalization com-
pared to a 6-hour observation (12).

12.2 Recurrent Laryngeal Nerve Injury

The incidence of permanent recurrent laryngeal nerve
injury in thyroidectomy is 0.5–3%. Common sites of
recurrent laryngeal nerve injury are at the paratracheal
area where the nerve crosses the inferior thyroid
artery, or in the region of Berry’s ligament where it
enters the cricoid cartilage. Frequently the injury is
related to attempts to control venous bleeding around
the recurrent laryngeal nerve. In addition, small arte-
rial branches such as the inferior laryngeal and crico-
thyroid artery are a risk in the area just below the
cricothyroideus; they must be carefully divided and
ligated. Bilateral recurrent laryngeal nerve injury is
rare, but it can lead to respiratory difficulty and glottic
narrowing. If the patient has suffered previous unilat-
eral recurrent laryngeal nerve injury, contralateral
thyroid lobectomy can be hazardous. Careful dissec-
tion in the tracheoesophageal groove and the use of
magnifying loops and micro-clamps (along with bipo-
lar cautery) reduce the incidence of recurrent laryngeal
nerve injury and facilitate surgical exploration. Post-

operative follow-up should include fiberoptic laryn-
goscopy. If the nerve injury is identified at the time of
surgery, nerve repair with microsurgical instruments
should be considered. Whether this will restore the
function or not remains undefined at this time. Recur-
rent laryngeal nerve injury leads to breathiness in the
voice and obvious hoarseness. If the superior laryngeal
nerve is also injured, the patient may develop aspira-
tion. The vocal cord may resume median or para-
median position at which time the voice may improve
over months. Voice therapy during this time may be
helpful. If there is considerable difficulty in voice
projection or vocal incompetence, laryngoplasty or
medialization procedures may be considered. Teflon
injection in the vocal cord may give immediate relief
from these distressing symptoms. A Gortex graft can
be inserted in the cricothyroid area by a surgical
procedure. Bilateral vocal paralysis, though rare,
may lead to acute airway distress necessitating reintu-
bation and subsequently a tracheostomy. A variety of
endolaryngeal procedures such as arytenoid abduction
or laser arytenoidectomy may be performed. The air-
way may also be opened with cordotomy.

12.3 Superior Laryngeal Nerve Injury

The external branch of the superior laryngeal nerve is
critical in thyroid surgery; it runs along the medial
border of the superior thyroid pedicle and superior
thyroid vessels. The superior laryngeal nerve may be
identified during surgery in approximately two thirds of
patients; however, in large goiters or high riding supe-
rior poles, the nerve is more likely to be injured than
recognized. Every effort should be made to ligate the
superior thyroid pedicle very close to the thyroid sub-
stance to avoid injury to the superior laryngeal nerve.
The exact incidence of superior laryngeal nerve injury is
difficult to appreciate since the manifestations of this
nerve injury may be quite subtle. Fiberoptic laryngos-
copy may not document the superior laryngeal nerve
injury, although the patient may not be able to raise the
tone and pitch of the voice. This is especially disabling to
singers or professional speakers. There is no effective
therapy at this time.

12.4 Hypoparathyroidism

One of the most disabling complications of total
thyroidectomy is permanent hypoparathyroidism.
Temporary hypocalcemia is reported to range between
5 and 25%, while the incidence of permanent hypo-
parathyroidism is reported to vary from 0.5 to 5%,

Surgery for Differentiated Thyroid Cancer 71



depending upon the extent of the surgical procedure
and paratracheal nodal clearance. The frequency of
permanent hypoparathyroidism has diminished in
recent years as surgical expertise has increased. In a
series of 183 total thyroidectomies, 152 of whom had
extensive carcinoma, Schwartz and Friedman reported
an incidence of 0.55% permanent recurrent nerve
injury and a 3.3% rate of permanent hypoparathy-
roidism (13). Others report an even lower incidence.

The best way to avoid hypoparathyroidism is to
recognize and preserve the parathyroid glands. If a
gland is devascularized during the operation, it should
be transplanted into the sternomastoid muscle. There is
no need to autotransplant parathyroid glands into the
forearm. These are normal glands in contrast to those of
hyperplasia; they do not become hyperfunctional, and
the easy access of forearm transplant is not required. It
may take anywhere from 6 to 12 weeks for the auto-
transplanted parathyroid to function, and during this
time the patient may require continued calcium and
vitamin D supplementation. The goal is to maintain
normocalcemia in the postoperative period, although
symptoms are unlikely to appear unless the serum
calcium drops to less than 8 mg/dL. Ionized calcium
may offer a more accurate way to track serum calcium
since it is not influenced by serum albumen levels.
Patients should be observed for symptoms of tingling,
numbness, and circumoral paresthesia. Tetany can be
life threatening. Postoperative serum calcium levels
should be checked within 4–8 hours and followed twice
daily if the patient is symptomatic; intravenous calcium
gluconate, 10–20 cc on an urgent basis, may be neces-
sary. The active form of vitamin D (Rocaltrol) is a
valuable adjunct, making it possible to reduce the
amount of calcium required (0.25–0.5 Ag 1–4 times a
day). As the condition stabilizes the patient should be
switched to oral calcium supplements as soon as possi-
ble. In most cases, the patient will improve in 12–24
hours. However, some may require calcium supplemen-
tation for 2–3 weeks ranging from 2 to 8 g/day.

Transient or permanent hypocalcemia is very
unlikely after hemithyroidectomy, since the opposite
lobe is not disturbed. Although the incidence of perma-
nent hypoparathyroidism is low, it is one of the most
distressing complications—one that can considerably
change the patient’s quality of life.

12.5 Chyle Leak

One of the most distressing complications of neck
dissection is a chyle leak (or chyle fistula), which is

more common in patients with extensive dissection in
the supraclavicular fossa, or bulky nodal metastasis
where the lymphatic channels are blocked and mark-
edly enlarged. The easiest way to avoid this complica-
tion is to be aware of it at the time of surgery and to
continue meticulous dissection, identifying small lym-
phatic ducts and ligating them with nonabsorbable
suture material. There may occasionally be a chyle leak
near the jugular vein, which can be quite distressing in
the operating room. Figure of eight suture ligature in
this area can be helpful. During surgery it is important
to make certain that all chyle leakage is controlled. The
wound should be dry on closure. Regardless of the
surgeon’s attention, there may occasionally be a
delayed leak in the postoperative period. Generally,
most of these patients can be treated conservatively
with repeated aspirations. The wound may occasionally
require opening if there is excessive drainage, although
it is preferable to avoid this. The chylous leak on rare
occasions may be voluminous, ranging from 1.0 to 3.0
L per 24 hours. In such a situation, maintenance of
nutrition always becomes a problem; these patients
require a low-fat diet and possible total parenteral
nutrition. If the problem continues for an extended
period of time, one may consider reexploration and
ligation of the chyle leak. However, during the reexplo-
ration, there is invariably considerable inflamed tissue;
locating the site of leakage may be quite difficult. The
most satisfactory approach is to be especially conscious
of the risk and to avoid injury to the fragile and easily
damaged thoracic duct during the surgery, especially if
the neck dissection is performed on the left side where
the duct is vulnerable.
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A Guide to the Physiology and Testing of Thyroid Function

Terry F. Davies

Mount Sinai School of Medicine, New York University, New York, New York, U.S.A.

1 INTRODUCTION

The safe patient for surgery is the euthyroid patient.
Though urgent surgery on unstable thyroid patients can
produce good results, it is everyone’s experience that the
risk of surgery is increased in those who are dysthyroid.
It is critical to the surgeon that the patient about to
undergo surgery has normal thyroid function. Hence,
an understanding of thyroid physiology and thyroid
function tests is a great asset to every surgeon and
especially an endocrine surgeon.

The normal thyroid gland is under the control of the
pituitary (Fig. 1). Understanding this relationship is
the key to understanding thyroid physiology. The
pituitary gland controls the output of thyroid hor-
mones via thyroid-stimulating hormone (TSH). The
thyroid hormones then feed back, via a classical loop at
the level of the hypothalamus and pituitary, to sup-
press the release of TSH-releasing hormone (TRH) and
TSH. Hence, the level of easily measured serum TSH is
often the only ‘‘comfort information’’ a surgeon will
find necessary for reassurance.

2 THYROID HORMONE SYNTHESIS

Thyroid hormones are necessary for the essential
metabolism of almost all cells; their excessive or dimin-
ished levels has a marked influence on cell function.
Thyroid hormone synthesis is localized to the thyroid

follicular cells; thyroxine (T4) and a small amount of
triiodothyronine (T3) are released from the basal side
of these cells into the circulation. However, most T3 is
obtained from T4 by 5V-deiodinase enzymes, found in
peripheral tissues, that contain the rare element sele-
nium (1). This process of deiodination is essential since
T4 is biologically inactive; T3 is the true thyroid hor-
mone that binds to a thyroid hormone receptor. Any
interruption in the hypothalamic-pituitary-thyroid
axis, or deficiency (e.g., in the availability of iodide
(or selenium)), will cause problems with thyroid hor-
mone availability.

3 THE ROLE OF IODIDE

Iodide is essential for the production of thyroid hor-
mones; it has been estimated that 100–150 Ag of iodine a
day are required. This mostly comes from the diet,
especially with the introduction of iodination of salt,
bread, and milk, giving total intakes of approximately
300–700 Ag/day. Inorganic iodide is transported into the
thyroid cells by an iodide transporter, which acts like a
pump exchanging iodide for sodium (the sodium iodide
symporter, or NIS). This transporter is under the con-
trol of TSH. However, NIS is not confined to the
thyroid gland being also present in salivary glands,
gastric mucosa, and mammary glands (2). These sites
are often seen on high-dose whole-body radioiodine
scans used in the investigation of thyroid cancer. The
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physiological role of these extrathyroidal iodide pumps
remains unclear.

Decreasing total intake of iodine in the United States
has been well documented in recent years (3), something
of particular concern for pregnant women because of
the increased turnover of iodide in pregnancy. However,
up to the current time, iodine deficiency remains amajor
health problem only in those parts of the world where
the diet is poor in iodine and where there has been no
iodization of salt (4). Severe iodine deficiency may lead
to reduced thyroid hormone synthesis and thus to
chronic hypothyroidism. This reduces the negative feed-
back at the pituitary and hypothalamus, resulting in a
rise in TSH output. With continuing failure of thyroid
hormone feedback, there will be a persistently increased
TSH level, which will lead to the TSH induction and
development of thyroid nodules causing multinodular
goiters seen so commonly in the developing world. The
World Health Organization (WHO) and others have
exerted considerable effort to combat iodine deficiency
with its consequences to the children of hypothyroid
mothers. The effects include not only overt cretinism
caused by lack of maternal thyroid hormone during
critical periods of brain formation, but also markedly
reduced intelligence in large numbers of the population
where maternal iodine deficiency is less severe (5).
Similar outcomes have been seen in womenwith thyroid

failure and inadequate thyroid hormone replacement
(6). This has been and continues to be a major public
health problem in the United States. In addition, the
effective use of iodine has been suggested to be an
important evolutionary step in human development,
perhaps by providing more thyroid hormone during
brain development (7).

4 THYROGLOBULIN

With a molecular weight of 660,000 kDa, thyroglobu-
lin is the second largest gene in the human genome
(8). It is the major secretion of the thyroid follicular
cell and is exported through the apical membrane to
be stored as colloid in the center of the follicle. Prior
to storage and at the apical membrane, iodination of
thyroglobulin occurs forming the thyroid hormones.
Under TSH stimulation, thyroglobulin loaded with
thyroid hormones is withdrawn from the colloid and
taken into the thyroid cell by endocytosis, forming
colloid droplets within the cell cytoplasm. These drop-
lets fuse with lysosomes leading to degradation of
Tg and release of thyroid hormones (Fig. 2) (9). The
complex is then transported to the basal membrane,
where thyroid hormones and thyroglobulin are re-
leased into the circulation, once again under the influ-
ence of TSH. Any released iodide is largely recycled
within the cell.

5 THYROID HORMONE CONSTRUCTION

Thyroid hormones are synthesized from iodide, under
the control of TSH, in reactions that occur on the
backbone of thyroglobulin (Tg) using a highly effective
and immunogenic enzyme called thyroid peroxidase
(TPO). Synthesis takes place at specific iodination sites
on thyroglobulin and consists of binding of iodide to
specific tyrosyl residues to form iodotyrosyls, which are
then coupled to form iodothyronines (10). T4 results
from the combination of two diiodotyrosines (DIT, or
T2), and T3 results from the union of one monoiodo-
tyrosine (MIT or T1) and one DIT (Fig. 3). Only in
states of iodine deficiency is more T3 made than T4. As
described earlier, the thyroid hormone–loaded Tg is
then stored in the colloid of the thyroid follicle (Fig. 2).
TSH causes the synthesis of thyroid hormones and also
Tg. Colloidal Tg is taken back into the thyroid cell and
exported at its base into the blood stream. It is easy to
see that, in addition to disease of the thyroid itself,
interruption in the pituitary control of the thyroid or a

Figure 1 The hypothalamo-pituitary-thyroid axis. The

regulation of TSH secretion by the anterior pituitary.
Positive effects of TRH from the hypothalamus and the
negative effects of circulating T3 and also T3 from intra-

pituitary conversion of T4. (From Ref. 28.)
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shortage of iodide may compromise the synthetic abil-
ity of the thyroid cell. In fact the intake of iodide has
been shown to influence the T2:T1 ratio in thyroglo-
bulin (11).

6 RELEASE AND METABOLISM OF

THYROID HORMONES

As described previously, pituitary TSH induces the
resorption of stored iodinated thyroglobulin from
the colloid and its transportation from the apical to
the basal surface of the thyroid follicular cell. During

this transport, T4 and a smaller amount of T3 are
released from the thyroglobulin molecule and then
into the circulation. Hence, thyroid hormone levels
are a balance between the amount released by the
thyroid gland and the amount entering the tissues,
especially the liver and kidney. Most thyroid hormone
released is T4, and this undergoes peripheral deiodi-
nation to T3 (1). Peripheral deiodination of T4 is best
understood by considering T4 as a prohormone and
T3 as the active hormone. T4 is converted to T3 by a
widely available family of enzymes called the 5V-deio-
dinases (D) (Table 1). T3, therefore, is mainly pro-
duced from T4 in the tissues, where it is then available

Figure 2 The thyroglobulin cycle. Steps in the synthesis and secretion of the thyroid hormones. Note the basal-apical-basal
nature of this process. Iodide is trapped at the basal surface of the cell and moves quickly to the apical surface. Thyroglobulin
(Tg) is initially synthesized in the endoplasmic reticulum (RER), and synthesis is completed in the Golgi apparatus. Tg is

transported to the apical surface by exocytosis. Iodination of the Tg is catalyzed by thyroid peroxidase (TPO) at the apical
portion of the cell. After reuptake into the cell as colloid droplets, the Tg moves to the basal surface by endosomal transport. T4
and T3 are released from the Tg via lysosomal degradation. The T4 and T3 are then secreted into the circulation at the basal
membrane. TSH regulates all these steps of thyroid hormone synthesis and release. (From Ref. 29.)
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Figure 3 Thyroid hormone synthesis and degradation. (a) Synthetic pathway for T4, T3, and reverse T3. (b) Degradation
pathway for T4 showing the different deiodinase enzymes (D1,D2, and D3) involved.

Table 1 The Deiodinase Enzymes

Type I Type II Type III

Location Liver, kidney CNS, pituitary Placenta, CNS
Thyroid Placenta, brown Skin

Substrate rT3> sulfated thyronines>T4>T3 T4>rT3>T3 T4z rT3

PTU Inhibits No effect No effect
Selenium Present Absent Absent

Km for T4 High Low Low
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for action (Fig. 4). Recent data indicate that an intra-
thyroidal deiodinase enzyme can also influence this
ratio of T4 to T3. In addition, T3 may be inactivated
by further deiodination and the formation of sulfate
conjugates or by the generation of acetic acid analogs.
Similarly, the production of inactive reverse T3 also
helps regulate circulating T3 levels.

7 MECHANISM OF ACTION OF

THYROID HORMONES

Unbound, free T3 crosses the cell membrane to bind
to intracellular T3 receptors, which are located in
the cell nucleus and act as transcription factors in a
complex network of influences on the genes that regu-
late cell growth, differentiation, and energy release
among other actions (12). Four T3 nuclear receptors
have been well characterized (Table 2) and designated
a1, a2, h1, and h2 isoforms. The h2 receptors are
unique to the pituitary gland and central to the phe-
nomenon of TSH suppression by thyroid hormone

Table 2 Some Influences on Thyroxine
Binding Globulin (TBG) Levels That Also
Influence Total Serum T4 Levels

TBG is increased in:

Pregnancy
Estrogen therapy
Early hepatitis

Hypothyroidism

TBG is decreased in:

Androgen therapy

Hyperthyroidism
Liver failure
Renal failure

Figure 4 Thyroid hormone action. (a) Generic nuclear re-
ceptor structure; (b) thyroid hormone receptor structures;

(c) T3 action via thyroid hormone receptors. T3 enters the
cell or is derived from intracellular deiodination of T4.
Nuclear interaction between a T3-bound thyroid hormone

receptor (TR) and a thyroid hormone response element
(TRE) results in increased or decreased activity of RNA
polymerase on a T3-responsive gene. The TRE has two half-

sites and may bind as a dimer. In the absence of T3, the TRE-
bound TR may repress basal transcription. Many other
transcriptional modulators are present, which may influence

the binding of Trs and activation of T3-responsive genes.
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feedback (Fig. 1). The other isoforms are widely dis-
tributed, and their varying proportions help explain
the different influences of thyroid hormone on multiple
tissues. Knocking out these receptors in the mouse
has provided important new information on thyroid
hormone action (13). For example, the a1 receptor
is now thought to be important in the influence of
thyroid hormone on the heart (14). In addition, muta-
tions in the thyroid hormone h receptors have helped
explain the rare syndrome of thyroid hormone resist-
ance, which may vary from mildly abnormal thyroid
function tests to reduced growth and mental retarda-
tion as well as hypothyroidism (15).

8 SERUM BINDING OF THYROID

HORMONES

It is critically important to understand that thyroid
hormones circulate in the blood in two forms—bound
and free. Thyroid hormones are bound primarily to
serum thyroxine-binding globulin (TBG) but also to
other circulating liver proteins such as transthyretin
(TTR), lipoproteins, and albumin. This binding is non-
covalent and reversible, but only 0.03% of T4 and
0.3% of T3 is unbound and available as free thyroid
hormones (free T4 and free T3). These free levels
are reached by equilibration following changes in
the levels of thyroid hormone or binding proteins. All
measurements of thyroid hormone must, therefore,
be identified as measurements of serum total or free
hormone. Lastly, because much more of T4 than T3
binds to serum protein, the half-life of T4 is much
longer (7 days) than that of T3 (1 day) and so serum T3
levels are subject to much more rapid changes than
those of T4.

Many factors influence the concentration of TBG,
to which 80% of T4 is bound. For example, estrogen
increases TBG levels by enhancing synthesis and
altering TBG glycosylation in such a way that the
half-life of TBG is prolonged. Recent data remind us
that even oral contraceptive pills may result in an
increase in TBG significant enough that normal free
T4 levels are not maintained and T4 supplementation
may need to be increased in hypothyroid patients (16).
Because there are many influences on the level of
thyroid-binding proteins, the measurement of total
T4 and total T3 levels must be corrected for the level
of serum-binding protein. This results in the expres-
sion of T4:TBG ratios in varying forms. Hence the
increasing preference by physicians for direct or indi-
rect measurements of free T3 and free T4 (17).

9 THYROID FUNCTION TESTING

9.1 The Pituitary-Thyroid Axis and the

Response of Serum TSH to Changes

in Thyroid Hormone Levels

From the explanations provided so far, we can deduce
that serum TSH levels will respond to changes in serum
thyroid hormone levels. An increased T4 level will lead
to increased T3 levels within the TSH-secreting cells of
the anterior pituitary after 5V-deiodination by Type 2
DI. The T3 will then bind to an a2 intracellular thyroid
hormone receptor (TR), which acts as a transcription
factor, and the complex will then bind to a thyroid
response element (TRE) in the 5V region of the TSH-h
gene. This binding acts in a negative manner, sup-
pressing activation of the TSH-h gene and leading to
decreased TSH synthesis and release. A similar phe-
nomenon is employed to control TRH release in the
hypothalamus. At the opposite extreme, a lack of T4
will mean less T3 available to bind to its receptor and
fewer complexes binding to the TREs. Hence, less
negative regulation will lead to increased TSH synthesis
and release. This feedback control has allowed the
measurement of serum TSH levels to be developed as
the most sensitive and useful thyroid function test, with
suppressed TSH levels indicating hyperthyroidism and
raised TSH levels as evidence of hypothyroidism (18).
Nevertheless, any changes in serum TSH should always
be confirmed, if possible, with thyroid hormone mea-
surements (Fig. 5).

9.2 The Measurement of Serum TSH

The wide availability of rapid and highly sensitive
immunoassays for the measurement of serum TSH has
transformed thyroid function testing into a logical area
of understanding and greatly reduced the need for
additional T4 and T3 testing in the majority of patients
with normal TSH results. TSH assays are often referred
to as belonging to a particular developmental genera-
tion dependent on their sensitivity (18). These days there
is no need to use anything but a third-generation assay
with a sensitivity of <0.01 AU/mL. These TSH assays
allow the clear diagnosis of even mild thyroid dysfunc-
tion. In the absence of obvious pituitary disease, the
serum TSH will increase in thyroid failure (>4.0 AU/
mL) and be markedly decreased in the presence of an
overactive thyroid gland (>0.1 AU/mL). The former
may be confirmed with a free T4 assay and the latter
with both free T4 and T3 assays. However, mild thyroid
disease may present with only changes in TSH while
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thyroid hormone levels remain within the normal range
(so-called subclinical disease).

9.3 Total and Free T4

The measurement of total T4 remains the easiest thy-
roid function test to perform and is an important part
of our investigative armamentarium. It is essential to
try to confirm a high TSH with a measurement indica-
ting a low T4 level since this allows the distinction
between mild (normal T4) and significant (low T4)
thyroid failure. However, the disadvantage of total T4
measurement is that a correction must be applied for
the level of serum-binding proteins. This can be made
using a resin uptake test (Fig. 6) or a direct measure-
ment of TBG. Alternatively, a free T4 measurement
may be derived directly from increasingly popular
binding tests now available on many automatic ana-
lyzers or by the classical dialysis method. The latter,
however, is an expensive technique and should be
reserved for very extreme situations when TBG is very
high or very low, causing the derived methods of
estimating free T4 to be unreliable (19).

9.4 Total T3 and Free T3

After serum TSH measurement, serum T3 levels are the
best confirmation of an overactive thyroid gland. Less

T3 is bound to the serum-binding proteins than T4,
and therefore the measurement of Total T3 is not as
affected by changes in protein binding as is total T4.
However, it remains helpful to know that there are no
major binding protein changes when the total T3 level
is abnormal, although in practice free T3 levels are not
often needed (19).

9.5 Radioiodine Scanning Versus Sonography

The scanning of the thyroid gland using radioiodine
(either I131 or I123, which causes less radiation expo-
sure) has been largely superceded by real-time sonog-
raphy. When the serum TSH is suppressed, a thyroid
nodule or multinodular gland must have active nod-
ular tissue (‘‘hot’’) secreting thyroid hormone causing
the TSH suppression. When the TSH is normal, the
gland is most likely to harbor predominantly under-
active nodules (‘‘cold’’), with the euthyroid state main-
tained by the remaining normal tissue. However,
sonography gives much more reliable identification
and sizing of thyroid nodules than any scanning pro-
cedure. The major use of radioiodine scanning today,
therefore, is to detect small residual thyroid cancer
metastases after total thyroidectomy (20). In contrast,
24-hour radioiodine uptake measurements remain fre-
quently used to differentiate chemical hyperthyroidism
secondary to thyroiditis (no uptake due to cellular

Figure 5 Thyroid function testing in surgical practice.
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destruction) from hyperthyroidism caused by Graves’
disease (normal or increased uptake induced by thy-
roid-stimulating antibodies).

9.6 The Serum Thyroglobulin Assay

Most thyroid disease causes an increase in serum Tg
levels, making this determination an unreliable mea-
surement in thyroid dysfunction. However, the thyroid
gland is the major source of serum Tg, and therefore the
measurement of serum Tg has become a clinically
useful test for the presence of residual thyroid tissue
(21). This is particularly valuable in the follow-up of
patients with thyroid cancer who have been treated by
total thyroidectomy followed by radioiodine ablation
to remove the presence of all residual thyroid tissue.
Under such circumstances, the persistence or develop-
ment of serum Tg indicates the persistence of residual
thyroid tissue. Furthermore, if the serum Tg rises while
the patient is receiving thyroid hormone replacement
(maintaining a low TSH level), then this is very sugges-
tive of metastatic disease. Recently, it has been shown
that significant residual metastatic disease can be stimu-

lated to secrete Tg in thyroid cancer patients using
recombinant human TSH (22). This can be performed
while the patient remains on thyroid hormone suppres-
sion, avoiding the unpleasant prolonged withdrawal of
thyroid hormone in order to raise endogenous TSH.

9.7 Thyroid Autoantibody Testing

Thyroid antibody testing does not help the assessment
of thyroid function. Such tests are used only in the
diagnosis and prediction of autoimmune thyroid dis-
ease (Graves’ disease and Hashimoto’s thyroiditis) and
are complicated by the presence of such antibodies
in up to 20% of the normal population (23). The most
commonly measured thyroid antibodies are those to the
enzyme thyroid peroxidase (anti-TPO) and to thyro-
globulin (anti-Tg) that are easily measured by enzyme-
linked immunoabsorbent assay or competitive binding
assays (24). These antibodies are usually present in all
patients with autoimmune thyroid disease and in very
high titers in patients with Hashimoto’s thyroiditis.
Another commonly measured antibody is found in
Graves’ disease. The cause of hyperthyroid Graves’

Figure 6 The T3 resin uptake test. Graphic representation of the relationship between the serum TT4 concentration, the RT3U

test, and the FT4 concentration in various metabolic conditions and in association with changes in TBG. The principle of
communicating vessels is used as an illustration. The height of the fluid in the small vessel represents the level of FT4; the total
amount of fluid in the large vessel, the TT4; and the total volume of the large vessel, the TBG capacity. The RT3U test result

(black dots) is inversely proportional to the unfilled capacity of the large vessel (unoccupied TBG). (From Ref. 30.)

Davies82



disease is the development of thyroid-stimulating anti-
bodies that bind to and stimulate the TSH receptor.
These unique antibodies are usually measured clinically
as antibodies to the TSH receptor by using competition
with radiolabeled TSH for binding to soluble TSH
receptors. Only rarely, such as in pregnancy, are bio-
logical assays for thyroid-stimulating activity needed.
These assays can be performed using thyroid cells or
model cells transfected with the TSH receptor (24–26).
Some 15% of patients with Hashimoto’s thyroiditis
have TSH receptor antibodies, which block the TSH
receptor rather than stimulate it.

10 THE SICK EUTHYROID SYNDROME

Despite ‘‘normal’’ thyroid function, total T3 and T4
levels are decreased in the presence of severe and chronic
illness leading to the concept of the sick euthyroid
syndrome (27). There are many reasons for the fall in
T3 and T4 levels in this situation, which often first
presents with a low T3 and only later with a fall in T4.
The half-life of T3 ismuch shorter than that of T4, and it
is bound to binding proteins with much lower affinity
than T4, explaining why serum T3 levels change so
much more quickly than serum T4 levels. There is also
a metabolic block in very sick patients shifting 5V-
deiodination to the production of inactive reverse T3
(Fig. 3). Hence, a fall in T3 is the dramatic expression of
a metabolic problem, exacerbated by an increased dis-

tribution space between sick cells, and a fall in effective
TSH levels and/or changes in TSH glycosylation, which
also reduces its bioactivity. In practice, immunoassay-
able TSH levels can be quite variable and often margin-
ally increased. Later, particularly as the serum protein
levels fall because of inadequate hepatic production,
there follows a marked fall in serum T4 levels, which
often predicts a poor outlook for the patient (Fig. 7).
During these swings in total T3 and T4 levels, the
concentration of free hormone levels may remain nor-
mal. However, all results may be found depending on
the speed of the metabolic changes with which the free
hormone levels have to equilibrate. The presence of true
thyroid disease during this phenomenon requires con-
siderable expertise to assess.

11 URGENT SURGICAL ASSESSMENT

OF THYROID FUNCTION

Most medical centers can now provide rapid thyroid
function test results within a matter of hours. TSH,
FT4, and T3 levels can all be obtained by automatic
analyzers, allowing an early assessment of thyroid
function in any situation. Only rarely is thyroid dys-
function sufficient to delay urgent surgery, but elective
procedures should await the return to euthyroidism.
The physician and the anesthesiologist will work with
the surgical team to achieve this aim. The dangers of
surgery in an uncontrolled hyperthyroid patient include

Figure 7 The sick euthyroid syndrome. A schematic representation of the changes in serum thyroid hormone values with
increasing severity of nonthyroidal illness. A rapidly rising mortality rate accompanies the fall in serum TT4 and FT3 values.
(From Ref. 31.)
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increased cardiac risk, particularly in an elderly patient,
and the occurrence of severely exacerbated hyperthy-
roidism after surgery (‘‘thyroid storm’’).

REFERENCES

1. Larsen PR. Update on the human iodothyronine
selenodeiodinases, the enzymes regulating the activa-

tion and inactivation of thyroid hormone. Biochem Soc
Trans 1997; 25:588–592.

2. Riedel C, Dohan O, De I, V, Ginter CS, Carrasco N.

Journey of the iodide transporter NIS: from its
molecular identification to its clinical role in cancer.
Trends Biochem Sci 2001; 26(8):490–496.

3. Dunn JT. What’s happening to our iodine? J Clin

Endocrinol Metab 1998; 83(10):3398–3400.
4. Delange F, de Benoist B, Pretell E, Dunn JT. Iodine

deficiency in the world: where do we stand at the turn of

the century? Thyroid 2001; 11(5):437–447.
5. Glinoer D. Pregnancy and iodine. Thyroid 2001; 11(5):

471–481.

6. Glinoer D. Potential consequences of maternal hypo-
thyroidism on the offspring: evidence and implications.
Horm Res 2001; 55(3):109–114.

7. Kraiem Z. Thoughts on the role of iodine in the
emergence of modern humans. Thyroid 2001; 11(8):
807–808.

8. Moya CM, Mendive FM, Rivolta CM, Vassart G,

Targovnik HM. Genomic organization of the 5V region
of the human thyroglobulin gene. Eur J Endocrinol
2000; 143(6):789–798.

9. Venkatesh SG, Deshpande V. A comparative review of
the structure and biosynthesis of thyroglobulin. Comp
Biochem Physiol C Pharmacol Toxicol Endocrinol

1999; 122(1):13–20.
10. Lamas L, Anderson PC, Fox JW, Dunn JT. Concensus

sequences for early iodination and hormonogenesis in
human thyroglobulin. J Biol Chem 1989; 264:13541–

13545.
11. Dunn JT, Dunn AD. Update on intrathyroidal iodine

metabolism. Thyroid 2001; 11(5):407–414.

12. Yen PM. Physiological and molecular basis of thy-
roid hormone action. Physiol Rev 2001; 81(3):1097–
1142.

13. Forrest D, Vennstrom B. Functions of thyroid
hormone receptors in mice. Thyroid 2000; 10(1):41–
52.

14. Wikstrom L, Johansson C, Salto C, et al. Abnormal
heart rate and body temperature in mice lacking thyroid
hormone receptor alpha 1. EMBO J 1998; 17(2):455–
461.

15. Weiss RE, Refetoff S. Resistance to thyroid hormone.
Rev Endocr Metab Disord 2000; 1(1–2):97–108.

16. Arafah BM. Increased need for thyroxine in women

with hypothyroidism during estrogen therapy. N Engl J
Med 2001; 344(23):1743–1749.

17. Midgley JE. Direct and indirect free thyroxine assay
methods: theory and practice. Clin Chem 2001; 47(8):
1353–1363.

18. Spencer CA, Takeuchi M, Kazarosyan M. Current

status and performance goals for serum thyroglobulin
assays. Clin Chem 1996; 42(1):164–173.

19. Stockigt JR. Free thyroid hormone measurement. A

critical appraisal. Endocrinol Metab Clin North Am
2001; 30(2):265–289.

20. McGregor AM, Petersen MM, McLachlan SM, Rooke

P, Smith BR, Hall R. Carbimazole and the autoimmune
response in Graves’ disease. N Engl J Med 1980; 303:
302–304.

21. Spencer CA, LoPresti JS, Fatemi S, Nicoloff JT.

Detection of residual and recurrent differentiated
thyroid carcinoma by serum thyroglobulin measure-
ment. Thyroid 1999; 9(5):435–441.

22. Haugen BR, Pacini F, Reiners C, et al. A comparison
of recombinant human thyrotropin and thyroid hor-
mone withdrawal for the detection of thyroid remnant

or cancer. J Clin Endocrinol Metab 1999; 84(11):3877–
3885.

23. Vanderpump MPJ, Tunbridge WMG, French JM, et al.

The incidence of thyroid disorders in the community: a
twenty-year follow-up of the Whickham survey. Clin
Endocrinol (Oxf) 1995; 43:55–68.

24. Davies TF. The pathogenesis of Graves’ disease. In:

Braverman LE, Utiger RD, eds. The Thyroid: A
Fundamental Text. 8th ed. Philadelphia: Lippincott,
2000:525–536.

25. Davies TF. Thyroid-stimulating antibodies predict
hyperthyroidism. J Clin Endocrinol Metab 1998; 83:
3777–3781.

26. Ludgate M, Perret J, Parmentier M, et al. Use of
recombinant human thyrotropin receptor (TSH-R) ex-
pressed in mamalian cell lines to assay TSH-R autoanti-
bodies. Mol Cell Endocrinol 1990; 73:R13–R18.

27. Camacho PM, Dwarkanathan AA. Sick euthyroid
syndrome. What to do when thyroid function tests are
abnormal in critically ill patients. Postgrad Med 1999;

105(4):215–219.
28. Griffin JE. The thyroid. In: Griffin JE, Ojeda SR, eds.

Textbook of Endocrine Physiology. New York: Oxford,

1992:224–246.
29. Falk SA. Surgical treatment of hyperthyroidism. In:

Falk SA, ed. Thyroid Disease. Philadelphia: Lippincott,

1997:319–340.
30. Refetoff S. In: De Groot LJ, ed. Endocrinology.

Thyroid Hormone Transport. Grune & Stratton, 1979:
347–358.

31. Nicoloff JT. Abnormal measurements in nonendocrine
illness. In: Hurst JW, ed. Medicine for the Practicing
Physician. Butterworth-Heineman, 1991.

Davies84



8

Thyroid Pathology
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1 BENIGN LESIONS

1.1 Goiter

Goiter (from the Latin guttur, or throat) is a clinical
term used to describe any thyroid enlargement. The
term generally refers to enlargement resulting from a
variety of benign conditions: physiological (puberty,
pregnancy), metabolic (dietary iodine deficiency, i.e.,
endemic goiter), abnormal iodine metabolism, or in-
flammatory/autoimmune diseases (Hashimoto’s dis-
ease, Graves’ disease). Since this term lacks specificity,
thyroid malignancies also appear as a thyroid enlarge-
ment or mass. Early goiters may present as simple,
smooth, or mildly enlarged palpable glands. Prolonged
thyroid enlargement results in the formation of multiple
adenomatous nodules, which may undergo hemorrhage
and fibrosis, leading to a multinodular (adenomatous)
goiter. Although adenomatous goiters are usually be-
nign, they can cause serious clinical problems. The
gland can be grossly disfiguring, encroach upon the
trachea, or produce respiratory obstruction or hoarse-
ness from recurrent laryngeal nerve paresis. Intratho-
racic goiters can obstruct venous return (superior vena
cava syndrome) as well as cause severe respiratory dif-
ficulties. As goiters increase in size, they can impinge
upon and distort the trachea or esophagus, resulting in
dyspnea and dysphagia.

On gross examination, a multinodular goiter may
present as small nodules distributed diffusely or asym-
metrically throughout the gland. Cut sections reveal
multiple nodules, their glassy, pink/mahogany surface
reflecting colloid storage. Histologically, one sees multi-
ple follicles with flattened thyrocytes and colloid accu-
mulation, with fibrosis, hemorrhage, calcification, and
even ossification.

1.2 Adenomas

1.2.1 Follicular Adenoma

Themost common solitary thyroid mass is an adenoma.
These are encapsulated, benign, expansions of thyroid
follicles, compressing adjacent thyroid parenchyma. On
gross inspection, the capsule is usually thin and flimsy; a
thickened capsule can raise the diagnostic possibility of
a ‘‘minimally invasive follicular carcinoma’’ (this term is
defined below) (1). Thyroid follicles can be large and
distended by colloid or smaller with variable colloid
content. Evidence of hyperactivity can be seen. If an
adenoma is significantly hyperfunctional (e.g., toxic
adenoma), then the histological distinction between it
and an encapsulated papillary thyroid carcinoma can be
difficult. This is because stimulated, hyperfunctioning
thyroid will form hyperplastic pseudopapillae (see be-
low). Adenomas may have a varied follicular architec-
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ture, which is of no prognostic significance. However,
some variants of follicular adenomas require special
mention.

1.2.2 Hürthle Cell Adenoma

Hürthle cells are thyrocytes that have undergone onco-
cytic metaplasia, a process of unknown significance that
can occur in many endocrine and nonendocrine organs;
it occurs in various processes: inflammatory (Hashimo-
to’s thyroiditis), benign (Hürthle cell adenoma), or
malignant (Hürthle cell carcinoma). Macroscopically,
a Hürthle cell adenoma is an encapsulated mass with a
deep mahogany hue. This color can be seen in any
histologically oncocytic neoplasm (e.g., renal cell onco-
cytoma, parotid oncocytoma). Microscopically, the
term oncocyte refers to cells with abundant, bright pink,
granular cytoplasm due to increased mitochondria.
Hürthle cells are large thyrocytes that have undergone
oncocytic change. The cells can also be pleomorphic
(i.e., atypical) and therefore worrisome. However, the
criteria for malignancy remains the same for all follic-
ular neoplasia: in the absence of capsular invasion or
subcapsular vascular invasion, all follicular lesions,
including all Hürthle cell adenomas, regardless of pleo-
morphism, are still benign adenomas. The distinction
between Hürthle cell adenomas and carcinomas (as well
as follicular adenomas and minimally invasive follicu-
lar carcinomas) relies on architecture (capsular or vas-
cular invasion), not cytological features, such as cellular
pleomorphism or mitoses. Neither fine needle aspira-
tion nor frozen section examination can address this
distinction. Fine needle aspiration permits only cyto-
logical evaluation. Frozen section examination allows
only limited tissue sampling as compared to permanent
section evaluation; focal diagnostic findings of inva-
sion may not be observed. The size of Hürthle cell tu-
mors may be helpful since it correlates strongly ( p <
0.005) with the likelihood of malignancy. Large tumors
(>4 cm) are more likely to be malignant than small
tumors (<2 cm) (2,3).

1.2.3 Atypical Adenoma?

Historically, this term was applied to follicular adeno-
mas (especially Hürthle cell adenomas) that possessed
atypical features (nuclear atypia, necrosis) but fell short
of the criteria required for malignancy (capsular inva-
sion or subcapsular vascular invasion). They were often
reported as ‘‘indeterminate’’ or ‘‘possibly malignant.’’
Importantly, follow-up studies have shown that tumors

classified as indeterminate behave in a clinically benign
fashion, removing the need for this term (4).

1.2.4 Hyalinizing Trabecular Tumor

This uncommon subtype (also referred to as benign
hyalinizing trabecular adenoma or malignant hyaliniz-
ing trabecular carcinoma) may be confused with thy-
roid malignancies; its own oncological potential has
also been questioned. It appears as an encapsulated
tanmass, microscopically composed of polygonal, oval,
and elongated tumor cells arranged in cords (trabeculae)
or clusters (Zellballen) with minimal follicle forma-
tion. The cellular cytoplasm is finely granular, onco-
cytic, or optically clear. Similar to papillary thyroid
carcinoma, its nuclei are oval, elongated, with inclu-
sions and grooves. Rare psammoma bodies can also be
seen. The differential diagnosis includes medullary
carcinoma and papillary thyroid carcinoma. Immuno-
histochemistry of hyalinizing trabecular adenoma con-
firms expression of thyroglobulin, but not calcitonin,
distinguishing it from medullary carcinoma. The dis-
tinction between hyalinizing trabecular adenoma and
papillary thyroid carcinoma can be difficult, and in fact
bono fide papillary thyroid carcinoma can develop
within hyalinizing trabecular adenoma, raising suspi-
cions that hyalinizing trabecular adenoma may be a
precursor of papillary thyroid carcinoma. To wit, RET/
PTC gene rearrangements are common to papillary
thyroid carcinoma and have also been detected in
hyalinizing trabecular adenoma. To date, tumors re-
ported as typical hyalinizing trabecular adenoma have
followed benign courses (5–7).

1.3 Black Thyroid

Black thyroid is a curious incidental finding caused by
injection of minocycline, a tetracycline derivative ad-
ministered in the treatment of acne. Patients on long-
term, high-dose minocycline therapy may develop
pigment deposition in numerous organ systems, in-
cluding the thyroid. This is thought to result from an
oxidative interaction between minocycline and thyroid
peroxidase; it may remain even after cessation of the
drug. Grossly, the thyroid gland is black, and micro-
scopically, the thyrocytes and colloid are pigmented.
The pigmentation itself has no adverse affect on the
thyroid gland. The incidental finding of thyroid pig-
mentation is usually limited to the surrounding gland
and spares the adenoma or carcinoma that prompted
surgery (8,9).

Brandwein-Gensler et al.86



2 THYROIDITIS

2.1 Hashimoto’s Thyroiditis

2.1.1 Diagnosis and Pathobiology

Hashimoto’s thyroiditis is an autoimmune thyroiditis
characterized by lymphocytic infiltration and destruc-
tion of thyroid with eventual loss of function. There is
a marked female predominance; it is usually diagnosed
during or after the fourth decade of life. Patients are
usually euthyroid but may also present with hypothy-
roidism or hyperthyroidism (Hashitoxicosis). The usual
presentation is that of a painless, firm thyroid mass.
The gland may be asymmetrically enlarged, clinically
simulating malignancy. Surgeons considering the diag-
nosis of Hashimoto’s thyroiditis in these circumstances
may avoid unnecessary thyroidectomies. The inflam-
mation and fibrosis that often accompany Hashimo-
to’s thyroiditis make surgical dissection especially
difficult, with increased risk of damage to the recurrent
laryngeal nerves and parathyroid glands. Fine needle
aspiration and serological studies (see below) can lead
to the diagnosis preoperatively. Serologically, patients
with Hashimoto’s thyroiditis have elevated antithyroid
antibodies, mainly antithyroperoxidase, antithyroglob-
ulin, and antimicrosomal antibodies. Antimicrosomal
antibodies are specific but not sensitive in establishing
the diagnosis (10). Cytological examination reveals
abundant lymphocytes and Hürthle cells; fine needle
aspiration may have good sensitivity to detect a diffuse
process like Hashimoto’s thyroiditis, but sampling
limitations may fail to detect concomitant malignancy.

Hashimoto’s thyroiditis is caused by abnormal acti-
vation of helper T lymphocytes within the thyroid. This
may occur after viral infection or as a result of aber-
rant thyrocyte expression of major histocompatibility
(MHC) class II proteins; these are the membrane gly-
coproteins responsible for immune distinction between
‘‘self’’ and ‘‘nonself’’. The activated T cells then recruit
B lymphocytes, which produce a variety of antithyroid
antibodies, and cytotoxic T cells that destroy thyro-
cytes. Thyroids affected by Hashimoto’s thyroiditis
are usually tan in color, reflecting the lymphocytic
infiltrate. Microscopically, lymphocytes are seen infil-
trating the thyroid and forming germinal centers. The
thyrocytes may undergo oncocytic metaplasia (Hürthle
cell change).

Eventually patients with Hashimoto’s thyroiditis
have depleted thyroid function, but they may remain
euthyroid or develop episodic, fluctuating thyroid dys-
function. Less common complications include episodic

hyperthyroidism or Hashimoto’s encephalopathy.
These patients are at risk for developing other auto-
immune conditions, as well as thyroid malignancies (see
below). Hashimoto’s thyroiditis is managed by moni-
toring thyroid function and providing synthroid re-
placement for hypothyroidism (11).

2.1.2 Incidence of Neoplasia in Hashimoto’s
Thyroiditis

Lymphoma. There is a clear association between
Hashimoto’s thyroiditis and increased risk of thyroid
lymphoma (12,13). The vast majority of thyroid lym-
phomas are encountered in patients with Hashimoto’s
thyroiditis. The usual presentation is that of a dramat-
ically enlarging thyroid mass in an older woman, mim-
icking anaplastic carcinoma. The diagnosis may be
established by fine-needle aspiration or core needle
biopsy, avoiding unnecessary thyroidectomy in these
cases. Histologically, most of these lymphomas are of B-
cell origin, usually diffuse large B-cell lymphoma.
Immunohistochemistry is routinely performed on such
cases to make the distinction between lymphoma and
other malignancies, (e.g., anaplastic carcinoma, undif-
ferentiated squamous cell carcinoma) and then to fur-
ther type the lymphoma. Many older literature reports
of survivors of anaplastic thyroid carcinoma erro-
neously contained patients with large-cell malignant
lymphoma, falsely improving the survival statistics.

Fine needle aspiration has the potential to establish
the diagnosis preoperatively. The next diagnostic option
includes core needle or open biopsy with frozen section
analysis. This allows for fresh tissue to be saved for
lymphoma markers. Only general lymphocyte, B-cell,
and T-cell, markers can be immunohistochemically
studied using formalin-fixed paraffin embedded tissue.
The diagnostic sensitivity and specificity of fresh tissue
studies is much greater: a vast array of lymphocyte
markers can be detected, and B-cell clonality can be
confirmed. Once a diagnosis of thyroid lymphoma is
established, surgery is not a therapeutic option. Appro-
priate therapy is determined by clinical staging. The
majority of cases present as either stage IE (confined to
thyroid) or IIE disease (positive cervical and/or medias-
tinum lymph nodes). Radiotherapy is indicated for
Stage IE disease, whereas adjuvant chemotherapy is
preferred for patients with Stage II, III, and IV disease.
Overall, thyroid lymphomas have a favorable outcome,
but prognosis depends on clinical stage and histology:
high-grade lymphomas or stage greater than IE have the
greatest potential for a poor outcome. The overall
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relapse-free survival at 5 years is 72%, and the overall
survival at 5 years is 88% (14–17).

Papillary Thyroid Carcinoma. The incidence of
papillary thyroid carcinoma for patients with Hashimo-
to’s thyroiditis is greater than expected, which initially
suggested a causal relationship (18,19). But the burden
of proving causality is a difficult task since both entities
are relatively common, and their association may be
considered merely coincidental. Lymphocytic infiltrate
is common adjacent to papillary thyroid carcinoma and
cannot be taken as evidence ofHashimoto’s’ thyroiditis.
In addition, cytological atypia is common in Hashi-
moto’s thyroiditis and may lead to the overdiagnosis of
papillary thyroid carcinoma. Be that as it may, the
RET/PTC1 and RET/PTC3 oncogenes, highly specific
for thyroid malignancy, have been found in 95% of the
Hashimoto’s patients studied, without papillary thyroid
carcinoma, suggesting a preneoplastic condition (20).

2.2 Graves’ Disease

2.2.1 Diagnosis and Pathobiology

Graves’ disease is an autoimmune thyroiditis resulting
in hyperthyroidism. There is a female predominance of
6–10 :1. Patients typically present with a goiter and
hyperthyroidism. Radioactive iodine uptake is usually
diffusely increased but may be localized to a dominant
nodule (‘‘toxic adenoma’’). Opthalmopathy (exopthal-
mos, impaired ocular motility, diplopia) is frequently
present and can alert the clinician to consider the di-
agnosis of Graves’ disease. It is the most frequent cause
of unilateral exopthalmos. In contrast to Hashimoto’s
thyroiditis, in which the thyroid parenchyma consti-
tutes the actual lymphocytic battleground, Graves’
disease can be considered as an ‘‘assault from afar.’’
Host lymphocytes produce an array of antibodies that
stimulate the TSH (thyroid-stimulating hormone)
receptor, resulting in hyperthyroidism. However, the
lymphocytic infiltration and mediated thyrocyte
destruction present in Hashimoto’s thyroiditis are not
seen in Graves’ disease. As in Hashimoto’s thyroiditis,
thyrocytes of Graves’ disease also aberrantly express
MHC antigens, thus stimulating immune reaction.

Graves’ disease may be further complicated by pre-
tibial myxedema, a nonpitting edema of the lower legs
that invariably follows the hyperthyroidism and opthal-
mopathy and is probably a result of antithyroid anti-
bodies cross-reacting and stimulating fibroblast
receptors, resulting in glycosoaminoglycan overproduc-
tion. Graves’ opthalmopathy is due to swelling of the

extraocular muscles and retrobulbar fat. Similar to
pretibial edema, it is due to excessive production of
glycosoaminoglycans by orbital fibroblasts. The op-
thalmopathy is the result of a direct autoimmune tar-
geting of orbital fibroblasts, probably through TSH
receptor antibodies (21–23). After thyroid suppression
or radioactive ablation, a Hashimoto’s-like lympho-
cytic infiltrate remains; the aftermath of this battle is
hypothyroidism, which will require synthroid replace-
ment. The severe complications of Graves’ opthalmop-
athy (corneal abrasion, impending blindness) require
orbital decompression.

2.2.2 Diagnostic Differentiation from Papillary
Thyroid Carcinoma

A thyroid gland affected by Graves’ disease is en-
larged, reddened, and ‘‘meaty,’’ histologically mani-
festing colloid depletion and follicular hyperplasia. If
colloid is present it is watery (nondense) or scalloped.
The thyrocytes are tall and form pseudopapillae. A
hyperfunctioning adenoma is an encapsulated lesion
with the identical hyperplastic papillary histological
findings. The distinction between the follicular hyper-
plasia of Graves’ disease and papillary thyroid carci-
noma may at times be difficult, especially during frozen
section. The nuclear morphology, which aids in the
recognition of papillary thyroid carcinoma (optically
cleared nuclei, nuclear holes, nuclear grooves), is more
reliably observed in the routine formalin-fixed ‘‘per-
manent sections’’ than in the nonfixed frozen section
slides. In papillary thyroid carcinoma, the tumor
nuclei are enlarged, oval, and overlapping, whereas
the nuclei of hyperplastic thyrocytes remain smaller
and rounded.

2.3 Subacute Thyroiditis—de Quervain’s

(Giant Cell) Thyroiditis

De Quervain’s thyroiditis (giant cell, or granuloma-
tous, or subacute granulomatous thyroiditis) is a
transient thyroiditis. It is important to recognize this
clinical entity, which is usually self-limiting, in order
to avoid unnecessary surgery. Patients present with
thyroid tenderness, referred ear pain, goiter, elevated
serum T3, T4, and elevated erythrocyte sedimenta-
tion rate. The thyroid is diffusely enlarged and firm.
There is a history of antecedent upper respiratory in-
fection, but patients may also present with an acute,
febrile illness with weakness and malaise. De Quer-
vain’s thyroiditis is considered a non-autoimmune,
postviral thyroiditis.
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The diagnosis can be established by clinical history,
physical examination, and fine needle aspiration, which
reveals plump transformed thyrocytes, epithelioid
granulomas, multinucleated giant cells, and an acute
and chronic inflammatory background, (24). Thyroid
scintigraphy frequently reveals uniform decreased
uptake, but at times the decreased uptake can be
localized to one lobe or to a ‘‘cold spot.’’ Thyroid ultra-
sound will demonstrate a diffusely enlarged, hypo-
echogenic gland, and this modality can be utilized to
monitor patient course (25). Surgery is contraindicated.
The goal of therapy is symptomatic relief; salicylates
and nonsteroidal anti-inflammatory drugs are effective,
but corticosteroids may be necessary for more severe
forms (24,26).

2.4 Riedel’s Thyroiditis

Riedel’s thyroiditis (Riedel’s struma) (invasive fibrous
thyroiditis) is an extremely rare condition characterized
by ‘‘invasive’’ fibrosis of the thyroid and a systemic in-
flammatory fibrosclerosing process. The usual presen-
tation is that of a stony hard thyroid mass suggestive
of malignancy. Patients may be dysphagic, dysp-
neic, hypothyroid, and even have vocal cord paralysis.
Further systemic fibrosis may manifest as retroperito-
neal fibrosis, sclerosing cholangitis, aortic sclerosis,
renal cortical fibrosis, occlusive phlebitis, and lipidic
endarteritis. The etiology is probably autoimmune.
Riedel’s thyroiditis is frequently associated with ele-
vated antithyroid antibody titers and can be associated
with concomitant Hashimoto’s or Graves’ disease. The
mechanism of fibroblastic proliferation may relate to
fibroblastic stimulation by anti-TSH receptor antibod-
ies, as is seen with Graves’ pretibial edema and opthal-
mopathy.

The clinical presentation can be indistinguishable
from malignancy. Radiographic imaging (MRI or
CT) will reveal a thyroid mass with obliterated fat
planes. Fine needle aspiration is not likely to be diag-
nostic, since the fibroblastic proliferation makes aspi-
ration difficult. Core or open biopsies should establish
the correct diagnosis. Histologically, a dense fibro-
sclerotic process and extensive chronic inflammation
is seen. Fibroinflammatory vascular changes may also
be seen.

Riedel’s thyroiditis is usually a self-limiting condi-
tion. High-dose prednisone can produce dramatic
improvement, and continued glucocorticoid adminis-
tration is recommended to prevent progressive multi-
focal fibrosclerosis (27–29).

3 ECTOPIC THYROID

3.1 Cervical Lymph Node Inclusions Versus

Metastatic Disease

The issue of thyroid inclusions within cervical lymph
node is controversial. Many pathologists consider the
presence of any thyroid follicles in a lymph node to be
evidence of metastasis, even in the absence of an estab-
lished thyroid primary, since it is well known that
papillary thyroid carcinoma is frequently announced
by cervical metastasis. On the other hand, documented,
benign, thyroid inclusions can, and do, occur within
jugular lymph nodes (30–32). They represent entrapped
remnants of thyroid tissue that have migrated during
development. This gave rise to the term ‘‘lateral aber-
rant thyroid.’’ Benign inclusions are extremely rare.
Thyroid tissue within cervical lymph nodes is almost
always more likely to be due to metastatic disease rather
than developmental inclusion.

The diagnosis of benign inclusions requires defined,
strict criteria:

1. Follicles should be located in only the lymph
node capsule or subcapsular tissue.

2. There should be only a few follicles.
3. Cytologically, they should be identical to normal

thyrocytes, lacking the nuclear features of
papillary thyroid carcinoma.

4. The involved nodes should be from the jugular
nodes, not paratracheal or supraclavicular.

If more than one third of the lymph node is replaced by
thyroid tissue, if any psammoma bodies, papillary
structures, or nuclear features of papillary thyroid car-
cinoma are seen,metastatic papillary thyroid carcinoma
is likely. Of course, any incidental findings of thyroid
follicles within cervical lymph nodes must be investi-
gated further. Thyroid ultrasoundwith aspiration cytol-
ogy or biopsy is an invaluable tool. If a thyroid nodule is
found, lobectomy is required. If the work-up is negative
and the above histological criteria for benignity are met,
no further surgerymay be needed, although this is a rare
situation (33,34). If the thyroid inclusions meet the
criteria for malignancy, ipsilateral thyroid lobectomy
is mandatory whether or not a thyroid nodule is found.
These cases almost always reveal occult microscopic
papillary carcinomas (31,35). For this reason the term
‘‘lateral aberrant thyroid’’ should be avoided in the
context of neoplasia because it does not remove the
need to rule out primary carcinoma from the ipsilateral
thyroid lobe (36,37). In rare instances the primary site
may be in the opposite lobe.
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3.2 Lingual Thyroid

Embryologically, the thyroid anlage originates from the
foramen cecum, at the base of the tongue. This tissue
descends as the thyroglossal duct, in the midline of the
neck, reaching its normal position anterior to the tra-
chea and larynx. Abnormalities in descent can occur
anywhere along this route, and maldescent may also
occur into the mediastinum. Lingual thyroid occurs
when there is no, or only partial, descent of the thyroid
from the foramen cecum. It is a rare clinical problem,
but reported incidence varies from 1:10 to 1:100,000.
Most cases occur in young women. Patients can present
with dysphagia, dyspnea, and a hemorrhagic mass.
Symptoms may increase with hormonal fluctuations
(e.g., menstrual cycle) or may worsen with pregnancy.
Patients are also frequently hypothyroid.

Grossly, the tissue has a spongy red appearance, and
histologically, the follicles are similar to eutropic thy-
roid tissue but may be in a microfollicular arrangement.
The follicles may appear to infiltrate into surrounding
skeletal muscle but can be distinguished from follicular
variant of papillary thyroid carcinoma by the lack of
diagnostic nuclear findings (see below).

Lingual thyroid may be diagnosed by biopsy and
further confirmed by thyroid scan. If the diagnosis is
established clinically, no surgery may be required; this
may be the only thyroid tissue present in the patient, and
the incidence of malignancy within lingual thyroid is
extremely low. Symptomatic lingual thyroid may be
managed by thyroid suppression, which will decrease
the size of the lingual mass, and also supplants endog-
enous thyroid function (38,39).

3.3 Thyroglossal Duct Cyst

Thyroglossal duct cysts are dilated remnants of the path
of thyroid’s descent. It is the most common cause of a
midline mass of the upper neck. These cysts usually
come to clinical attention in children or young adults,
but they may also suddenly appear in older patients.
Patients present with a soft cystic midline mass that
moves with swallowing or thrusting the tongue forward.
Sometimes, pressure upon the mass can result in dis-
charge through communication with the foramen
cecum, and patients will notice a bitter taste (dysgeusia)
in their mouths. The cysts are almost always adherent to
the hyoid bone, frequently penetrating it centrally and
continuing upward to its lingual origins at the tongue
base. They can also be present off themidline if the distal
cystic portion is displaced laterally. The Sistrunk pro-
cedure, which includes resection of the central portion

of the hyoid bone, is now standard practice and has
virtually eliminated recurrences. Grossly, these cysts
can average from 1 to 3 cm in diameter. The lining
may have a shaggy appearance from repeated infec-
tions. Histologically, the cyst is epithelial lined with
thyroid follicles in the cyst wall. Lymphoid infiltrate
or fibrosis may obliterate the residual thyroid tissue.
Approximately 1% of cases will contain a malignancy,
usually papillary thyroid carcinoma (40–42).

3.4 Intratracheal Thyroid

Intratracheal thyroid rests represents the rarest form of
thyroid ectopia. A 2% incidence of incidental, subglot-
tic, submucosal thyroid tissue has been observed in 250
laryngectomy specimens, with a 4:1 preponderance for
left-sided trachea. These subglottic rests can cause
dyspnea or may be incidental findings in the setting of
thyroid carcinoma. The latter situation can lead to some
confusion regarding tumor staging; a neoplasm may be
erroneously upstaged if incidental intratracheal rests are
interpreted as tumor extension. Since the trachea is
posterior to the path of the descending thyroid, the
mechanism of intratracheal ectopia is not immediately
obvious. There are two prevailing, nonexclusive theo-
ries. The malformation theory states that thyroidal
descent and formation is completed prior to tracheal
cartilage formation, allowing for thyroid tissue to
become entrapped and displaced by developing trachea.
The purported left-sided propensity of intratracheal
thyroid has been thought to relate to migratory differ-
ences between the left and right lateral ultimobranchial
contribution to the thyroid anlage. The invasion theory
states that thyroid tissue continues to migrate, albeit
along an aberrant pathway, and becomes situated in the
trachea as a result of direct, yet oncologically benign
invasion, as is seen quite frequently with mediastinal
thyroid tissue (43–45).

3.5 Mediastinal Thyroid

Most cases of mediastinal (substernal) thyroid are in-
ferior extensions of multinodular goiters and can be re-
moved through the neck because their vascularization is
derived cervically from the inferior thyroid artery. Truly
aberrant mediastinal thyroid, which may be contained
within the thymus or mediastinum, is rare, but these
often have a separate vascularization from mediastinal
vessels or branches of the internal mammary artery and
therefore cannot be resected via cervical approach.
Mediastinal goiter can compress the trachea or great
vessels, causing respiratory failure or superior vena cava
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syndrome. Most patients are euthyroid but, uncom-
monly, can be hyperthyroid. The thyroid is usually
markedly enlarged, multinodular, and histologically
identical to typical multinodular goiters. In a small per-
centage of cases, a papillary carcinoma is present (46).

4 MALIGNANT THYROID NEOPLASIA

4.1 Papillary Carcinoma—Diagnosis,

Pathobiology, and Variants

Papillary thyroid carcinoma is the most common form
of thyroid malignancy, constituting 80% of all thyroid
carcinomas. It occurs over a wide age range (5–95 years,
median 39) with a female-to-male ratio of 3:1 (47).
There are some genetic associations for papillary thy-
roid carcinoma; it may be associated with familial
adenomatous polyposis (Gardner’s syndrome) and also
Cowden’s syndrome (48–50). Ionizing radiation, partic-
ularly during childhood for benign conditions such as
thymic ‘‘enlargement,’’ eustachian tube obstruction,
tinea capitus, etc., is a predisposing factor. This can
occur with accumulation of lower sublethal energy
doses, e.g., 0.2–40 rads (51). In vitro cell line studies
have demonstrated that high doses (10, 50, and 100 Gy)
of x-rays produce preferential activation of the RET/
PTC1 oncogene (as compared with RET/PTC2, RET/
PTC3 induction) in a dose-dependent manner, confirm-
ing the initiating potential of ionizing radiation as well
as the significance of RET/PTC1 rearrangement in the
early steps of thyroid carcinogenesis (52). Although low
doses of beam therapy in children and adolescents incite
future thyroid cancer, which usually develops one to
two decades later, high-dose beam therapy to the neck
or chest, such as that for Hodgkin’s disease, does not do
so. There have been no reports of an increased inci-
dence of thyroid cancer after high-dose beam therapy,
although an increased risk of lung, salivary, breast can-
cers, as well as sarcomas and other malignancies has
been noted (53).

An increased risk for subsequent benign as well as
malignant thyroid lesions is also seen after exposure to
increased levels of radioactive I131 fallout. This has been
observed in survivors of Hiroshima and Nagasaki,
Marshall Islanders exposed to the Bikini atoll atomic
bomb trail, and more recently survivors of Chernobyl
(54,55). On the other hand, therapeutic doses of radio-
active I131 has an ablative affect on the thyroid and is not
associated with increased risk of subsequent thyroid
malignancy (56).

Patients with papillary thyroid carcinoma may pre-
sent with discrete thyroid masses, with or without aden-

opathy, or enlarged lymph nodes but no apparent
thyroid mass. A frequent presentation in younger (5–
19 years, mean 16 years) individuals is that of an
unexplained enlarged jugular lymph node without an
obvious site of primary disease (57). These pathological
nodes characteristically represent metastasis from an
occult, ipsilateral, localized sclerotic papillary thyroid
carcinoma. Papillary carcinoma can have diverse
appearances upon sectioning the gland: localized scle-
rotic nodules, diffusely sclerotic, infiltrative tumors, or
encapsulated tumors mimicking follicular adenomata.
Their interior can have a ‘‘furry,’’ dull appearance,
sometimes with yellow flecks, reflecting the relative
lack of colloid and the presence of papillary projec-
tions (Fig. 1). The localized sclerotic form can be quite
small (<1 cm), and nonpalpable (‘‘occult’’), coming
to clinical attention because of the appearance of cer-
vical metastases.

Papillary thyroid carcinoma has characteristic mi-
croscopic nuclear features. The nuclei are large and
ovoid, as compared to normal thyrocytes, with a
crowded overlapping appearance. Nuclear holes,
grooves, and cleared nuclei are characteristic, but not
specific or reliable, for the diagnosis. These findings are
difficult to demonstrate at frozen section. The pathol-
ogist can rely only on the tumor architecture to make
the diagnosis at that time (Fig. 2). Papillary thyroid
carcinoma forms papillary structures, with fibrovascu-
lar cores, psammoma bodies, as well as follicular
structures. If these follicular structures predominate
histologically, the tumor is referred to as follicular
variant of papillary thyroid carcinoma. While true
tumor papillae can be discerned on frozen section
analysis, the follicular variant of papillary carcinoma
may be impossible to diagnose on frozen section, for
not only are the diagnostic nuclear features lacking, the
characteristic papillary architecture is now also lacking
(Fig. 3). A previous aspiration cytology can be helpful if
papillary thyroid carcinoma had been definitely diag-
nosed. Thus, most false-negative frozen section diag-
noses for papillary thyroid carcinoma are, in fact,
follicular variants of papillary thyroid carcinoma. Prior
to the recognition of the follicular variant of papillary
thyroid carcinoma, many of these tumors were mis-
diagnosed as follicular carcinomas.

Certain variants of papillary thyroid carcinoma de-
serve mention because they are associated with a poorer
prognosis. A carcinoma that presents as a diffusely
sclerotic tumor will invariably present at a higher stage
(T3 or T4) and is more aggressive. The tall cell variant of
papillary thyroid carcinoma represents approximately
10% of papillary carcinomas; it is defined as a tumor in
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whichmore than 30%of the cells are twice as tall as they
are wide. It is frequently associated with high-grade
features such as tumor necrosis, vascular invasion, solid
areas, and increased mitotic figures. Several investiga-
tors found the tall cell variant to have a more aggressive
behavior than ordinary well-differentiated papillary
carcinoma (58,59). Columnar cell carcinoma is a rare
variant, defined by tall tumor cells with stratified nuclei
and subnuclear vacuoles, and is also associated with
more aggressive behavior (60,61). Papillary thyroid
carcinoma may also be an incidental synchronous
finding of lobectomy performed for another nodule,
such as an adenoma. These incidental occult tumors are
usually small (<1 cm). If confined to the thyroid
parenchyma, lobectomy is curative and completion
thyroidectomy is not necessary.

The overall survival statistics for patients with
papillary thyroid carcinoma are excellent; the Surveil-
lance, Epidemiology and End Results program
(SEER) data reveal that overall 10-year survival is
98% (47). This deceptively rosy survival rate reflects a
preponderance of ‘‘typical’’ papillary thyroid carcino-
mas, which are classified as ‘‘low-risk’’ cases. Low-
risk patients are young (<45 years), with small
tumors (<4 cm in diameter), and no distant meta-
stasis. These tumors also lack high-grade histological
features (diffuse sclerotic variant, tall cell variant) and
do not extend into peri-thyroid soft tissue. The
acronym AGES refers to variables impacting on
prognosis (age > 45, male gender or tumor grade,
extrathyroid extension, and patient stage). His-
tological features that define high grade for papillary
thyroid carcinoma include extrathyroid extension, dif-
fuse sclerotic type, tall cell variant, and columnar cell
variant. A more in-depth discussion regarding treat-
ment options with respect to risk category is presented
in Chapter xx.

Twenty-year survival for intermediate-risk groups is
83% and for high-risk groups 43%. Distant metastases
(such as lung) are associated with poor prognosis
(62,63). The issue of regional, cervical metastases of
papillary carcinoma is intriguing. Microscopic meta-
static papillary carcinoma is common within cervical
lymph nodes of patients with papillary carcinoma and
has been documented in up to 80% of dissections, (64).
Unlike other malignancies, in which survival dramati-
cally drops by 50% with the presence of metastatic
lymph nodes, positive nodal disease conveys no survival
impact for patients with papillary thyroid carcinoma.
This unique quirk of papillary carcinomawas confirmed
in a report on approximately 12,000 National Cancer
Institute study patients, which demonstrated that cer-

vical lymph node metastasis was not an independent
prognosticator and did not affect overall survival for
patients with well-differentiated carcinoma (47). Per-
forming jugular and central compartment lymph node
dissection in the absence of clinical adenopathy has not
been demonstrated to improve patient survival. The
concept of ‘‘stagnant metastatic deposits’’ has been
proposed, because in most patients papillary thyroid
carcinoma almost never leaves the region of the neck
(47,61,62,65–68). When papillary thyroid carcinoma
does metastasize to distant sites, it usually involves the
lungs or brain (62,69).

4.2 Follicular Carcinoma

Follicular carcinomas represents 17% of thyroid
malignancies (47). There is a wide age range (8–98
years), but the mean patient age at diagnosis (48 years)
is a decade older than that for papillary thyroid
carcinoma (39 years). A female predominance (73%)
is present. These carcinomas can be subdivided into
two subgroups: minimally invasive well-differentiated
encapsulated follicular carcinoma and invasive well to
moderately differentiated follicular carcinoma. The
presentation of a minimally invasive follicular carci-
noma is identical to that of a follicular adenoma:
patients present with a dominant nodule that is ‘‘cold’’
on radio-iodine scan. Fine needle aspiration is of no
help in distinguishing between these two entities; the
diagnosis must be made on architectural, not cytology
features.

Patients with invasive follicular carcinoma can pre-
sent with an irregular, firm, thyroid mass that may be
fixed to the surrounding tissues. Occasionally, metas-
tases may be the initial presentation, especially bony
metastases. Here, preoperative cytology in the clinical
setting of an obvious clinical malignancy can be helpful
in distinguishing follicular carcinoma from papillary
and anaplastic carcinomas.

4.2.1 Minimally Invasive Encapsulated
Follicular Carcinoma

This is an encapsulated tumor, but the capsule is usually
thicker than that of a routine adenoma. The interior of
the tumor is usually mahogany colored, but glistening,
not ‘‘furry’’ as in papillary carcinoma. Histologically,
the thyroid follicles are usually small, but bland and in-
distinguishable from benign follicular adenomas. The
diagnosis is established on permanent section by finding
either complete penetration of the neoplasm through
the capsule and/or subcapsular vascular/lymphatic

Brandwein-Gensler et al.92



invasion. If tumor extends into the thyroid parenchyma
or necrosis is seen, then the tumor may be beyond
‘‘minimally invasive’’ and classified as invasive. Addi-
tional deeper sections from the paraffin block may be
required for the diagnosis; the malignant thyrocytes
may appear identical to benign thyrocytes and the
pathologist cannot rely on the usual cytological indica-
tors of malignancy.

In a large (n = 95) series of minimally invasive en-
capsulated follicular carcinomas reported from the
Armed Forces Institute of Pathology, the female-to-
male ratio was 2.4 :1, and patient ages ranged from 20 to
95 years (average 42.0 years). The mean mass diameter
was 2.8 cm. All of these patients were treated by surgical
excision, and adjuvant radioactive iodine therapy was
administered to 24 patients. The prognosis for mini-
mally invasive encapsulated follicular carcinoma is
excellent. The recurrence rate was 5% (mean 18.1
years), with no disease-related mortality. The remaining
patients were disease-free after a significant follow-up
period (mean 16.5 years) (70), which is significantly
better than is seen for invasive follicular carcinoma
(see below).

4.2.2 Invasive Follicular Carcinoma

Thyroid follicular carcinoma is the second most com-
mon thyroid malignancy after papillary carcinoma.
Hürthle cell carcinoma, insular carcinoma, and tra-
becular-insular carcinoma are histological variants of
invasive thyroid follicular carcinoma; all of these carci-
nomas have the same biological potential stage for
stage. The true incidence of follicular carcinoma is
difficult to determine from the older literature, because
many cases of follicular variant papillary thyroid carci-
noma (see above) had been previously classified as
follicular carcinomas. One retrospective study docu-
mented that the ratio of papillary to follicular carcino-
mas diagnosed varied from 0.60 in 1974–76 to 6.88 in
1992–94 (71). This casts doubt on the survival statistics
of follicular carcinoma in the older literature because
the prognosis of follicular variant of papillary carci-
noma is identical to that of papillary thyroid carcinoma,
which is usually better than that of invasive follicular
carcinoma. Marked geographical variations in the rel-
ative ratios between follicular and papillary thyroid
carcinoma have been observed, probably relating to
dietary iodine deficiencies (72–74).

On clinical examination, invasive follicular carci-
noma presents as a firm thyroid mass. Fixation of the
surrounding soft tissues raises the clinical suspicion of
malignancy. A small percentage of patients (up to 11%)

may present with metastatic disease (usually within
bone, lungs, and soft tissues) (75). Histologically, this
form of follicular carcinoma can be either well or
moderately differentiated but invariably demonstrates
frank invasion into the thyroid parenchyma, as well as
vascular invasion. Invasion of extrathyroid soft tissue
may also be seen and is a poor prognostic feature. The
tumor cells of well-differentiated follicular carcinoma
appear similar to normal thyrocytes, but they may be
larger, with greater atypia. They can be distinguished
from papillary thyroid carcinoma tumor cells since their
nuclei are round and nonoverlapping. The tendency
towards vascular invasion also suggests the diagnosis
of follicular carcinoma. Histological variants of follic-
ular carcinoma include trabecular-insular, Hürthle cell,
clear cell, and mixed medullary-follicular carcinoma.
These variants can be more solid and are moderately to
poorly differentiated.

The issue of Hürthle cell carcinomas has historically
been shrouded in some mystery due to some early
publications by surgeons treating ‘‘Hurthle cell adeno-
mas’’ that metastasized. Subsequent pathological stud-
ies have confirmed that the diagnostic criteria necessary
to distinguishHürthle cell adenoma from carcinoma are
the same as in other follicular tumors: namely, capsular
invasion and/or subcapsular vascular invasion (76)
(Fig. 4). As mentioned, large Hürthle cell tumors
(>4 cm) are more likely to be malignant than small
tumors (<2 cm) (2,3).

Hürthle cell carcinomas do appear inherently differ-
ent in some ways from follicular cancers; they rarely
take up radioactive iodine but do make thyroglobulin,
and theymore commonly spread to lymph nodes (77). A
review from Memorial Sloan-Kettering Cancer Center
of over 1000 thyroid malignancies demonstrated that
tumors diagnosed as Hürthle cell carcinoma have a
greater likelihood of developing distant metastases than
follicular carcinomas (78). However, regression analysis
stratifying for tumor stage was lacking in this article, so
further clinicopathological study is necessary before this
issue can be confirmed. The data published from the
SEER Program 1973–1991 do not address this issue
(47). However, National Cancer Institute data actually
stratify follicular thyroid carcinoma and Hürthle cell
carcinoma by AJCC stage (79). This report finds that
while Hürthle cell carcinomas are less likely to be en-
countered as Stage I malignancies, stage for stage
patient survival appears similar for follicular carcinoma
and Hürthle cell carcinoma.

Immunohistochemistry may be helpful in distin-
guishing some solid follicular carcinoma variants, such
as trabecular-insular variant, which invariably express
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thyroglobulin, from medullary carcinoma, which will
express calcitonin and possibly other neuroendocrine
markers, but not thyroglobulin.

The prognosis of invasive follicular carcinoma is
much poorer than that of minimally invasive follicular
carcinoma or papillary thyroid carcinoma. The re-
ported mortality rates vary from 16 to 60%. A number
of studies have identified poor prognosticators. Older
patients (>45 years), presence of distant metastases,
thyroid capsular invasion, or tumor size greater than
2 cm are features invariably associated with a poorer
prognosis (79,80).

4.3 Medullary Carcinoma

Medullary thyroid carcinoma represents approximately
3% of all thyroid malignancies (47). Most cases (80%)
occur sporadically, whereas 20% of these tumors are
familial, and may be associated with other endocrine
pathologies such as pheochromocytoma andhyperpara-
thyroidism (MEN 2A, MEN 2B, and isolated familial
medullary thyroid carcinoma). The average age of
presentation for sporadic tumors is 52.3 years, whereas
the average age for index patients with hereditary
tumors is 29 years, and for all screened patients is 23
years. Within this last group, the median age of diag-
nosis for hereditary tumors varies: 36 years for heredi-
tary medullary carcinoma, 27.4 years for MEN IIa, and
17.2 years for MEN IIb (81). Patients with sporadic
disease usually present with palpable thyroid masses.
The index patient with familial disease (the first indi-
vidual in a cohort to be identified) can also present with
a thyroid mass but may also be hypertensive second-
ary to pheochromocytoma or hypercalcemic (with its
attendant symptoms) due to hyperparathyroidism. Ul-
trasound and fine needle aspiration should then be
performed for possible preoperative diagnosis of med-
ullary carcinoma. Any suspicion of the diagnosis of
medullary thyroid carcinoma should be relayed to
the cytologist, so that provision can be made to perform
immunohistochemistry for calcitonin. While immuno-
histochemistry can be performed retrospectively from
the formalin-fixed paraffin embedded tissue blocks,
cytology specimens require advance preparation of
either additional unstained slides or a ‘‘spun-down’’
cytology block for immunohistochemistry.

The pentagastrin stimulation test can then confirm
elevated calcitonin and hence the diagnosis. The pro-
vocative pentagastrin stimulation test is useful in dis-
tinguishing medullary carcinoma from false-positive,
mild elevations in serum calcitonin (82). The preoper-
ative diagnosis of medullary carcinoma should initiate
investigations to distinguish sporadic tumors from

index familial cases. The latter patients then require
screening for other potential endocrine tumors as well
as intensive familial screening. The identification of
germline mutations in the proto-oncogene RET identi-
fies these familial cases; this blood testing is especially
important for all patients younger than 45 years.
Within identified families, asymptomatic members can
be screened and identified by elevated serum calcitonin.
Medullary carcinoma is associated with an overall mild
female predominance, which is more pronounced in
sporadic cases (F :M= 1.84 :1) than in hereditary cases
(F :M = 1.18 :1) (81).

Medullary carcinomas arise from the neuroendo-
crine parafollicular C cells (calcitonin-secreting C cells).
These neural crest–derived cells are more concentrated
within the lateral and superior aspects of the thyroid
lobes. Not surprisingly, these tumors, especially the
familial ones, have a predilection for the superior lateral
thyroid lobes. Grossly, they are usually circumscribed,
with a smooth cut surface, tan-white in color. Familial
tumors may be smaller and multiple as compared to
sporadic tumors, with adjacent C-cell hyperplasia (see
below). Histologically, medullary carcinoma is com-
posed of epithelioid or spindled neuroendocrine cells.
Their nuclei have the fine, stippled chromatin charac-
teristic of neuroendocrine tumors. Calcitonin deposi-
tion can be seen by light microscopy as amyloid and
confirmed by immunohistochemistry. However, some
medullary carcinomas can mimic oat cell (small cell)
carcinomas, in that they appear as amyloid-poor, malig-
nant, small, blue round cells. The diagnostic immu-
nohistochemical profile for medullary carcinoma is
expression of calcitonin and carcinoembryonic antigen,
but no thyroglobin expression. C-cell hyperplasia rep-
resents a histologically benign proliferation of C cells
and is the earliest thyroid manifestation of this endo-
crinopathy. It appears as nests of calcitonin-positive
epithelial cells adjacent to follicles, the size and number
of which are increased as compared to normal controls.

Total thyroidectomy and central neck dissection is
the minimum therapy for patients with medullary car-
cinoma. In over 90% of cases, the disease is multi-
centric, and in contrast to well-differentiated thyroid
cancer, positive nodes do have an adverse effect on
survival. Prophylactic total thyroidectomy is recom-
mended for all probands within identified families; it
should be performed as soon as possible. Surgery is
warranted as early as 6 years of age, and these thyroids
usually reveal only C-cell hyperplasia. The prognosis of
medullary thyroid carcinoma correlates with stage at
presentation. Tumors detected by screening are identi-
fied at an earlier stage and are cured by total thy-
roidectomy and paratracheal lymph node dissection.
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Conversely, the initial presence of systemic symptoms
(diarrhea, bone pain, or flushing) is usually associated
with widely metastatic, sporadic disease, and a signifi-
cant (33.3%) 5-year mortality rate (83,84). Disease-free
survival at 10 years is around 50% for sporadic medul-
lary thyroid carcinoma.

4.4 Anaplastic Carcinoma

Anaplastic thyroid carcinoma comprises 5–15% of
primary thyroid malignancies. It represents one of the
most aggressive solid tumors in humans, usually pre-
senting in the sixth and seventh decades of life, with a
small female preponderance (84,85). The classic pre-
sentation is that of a rapidly growing neck mass causing
hoarseness and airway obstruction. The acute symp-
toms frequently appear a short time before patients
seek attention. More than half of patients will have a
history of long-standing goiter. Leukocytosis and fever
commonly accompany presentation. Distant metasta-
ses, usually to the lung, are common at presentation.
Ultrasound and fine-needle aspiration cytology can
usually establish the diagnosis preoperatively. If the
aspiration is inconclusive, an open biopsy is required.
Histologically, anaplastic thyroid carcinoma is com-
posed of huge, bizarre, anaplastic, spindled cells and
multinucleated tumor giant cells. The tumor cells are
the most pleomorphic of any head and neck malignan-
cies. The spindled cells resemble sarcoma (Fig. 5). Epi-
thelioid tumor cells with squamous metaplasia can be
present, which may be significant if a clinical differen-
tial diagnosis involves upper aerodigestive tract carci-
nomas. The majority of anaplastic thyroid carcinomas
are found to contain foci of well-differentiated thyroid
carcinoma, when adequately sectioned (86). Immuno-
histochemistry for thyroglobulin is usually negative in
anaplastic carcinomas; thyroid transcription factor
(TTF) is also usually negative or may be focally posi-
tive (87). If the anaplastic carcinoma is amenable to
surgery, then it should be resected. Aggressive multi-
modality treatment radiation and chemotherapy
should be offered in any case, but survival rates remain
low and the median survival for most series is under
6 months.

5

5.1 Squamous Carcinoma—Primary Versus

Secondary

Primary thyroid squamous carcinoma is rare, account-
ing for 0.7–3.4% of all thyroid malignancies. Approx-
imately 130 cases have been reported in the English

literature. It arises in either of two settings: either as
a primary tumor or as a component of anaplastic or
tall cell papillary thyroid carcinoma. There is a female
predisposition with a female-to-male ratio of approx-
imately 2 : 1. Most patients are in the fifth to sixth
decades of life, similar to that of anaplastic thyroid
carcinomas. Presentation is dramatic; patients have
rapidly enlarging neck swelling, shortness of breath,
and hoarseness. The tumors have been described as
firm, necrotic, and extensively infiltrating the thyroid
and peri-thyroidal soft tissue; they may extend to the
larynx, trachea, and mediastinum. Positive cervical
lymph nodes are common at presentation, and some
patients may also have pulmonary metastases upon
presentation (88,89).

Histologically, primary thyroid squamous carci-
noma is composed of islands of malignant squamous
cells with varying degrees of differentiation. Areas of
well-differentiated or tall cell papillary carcinoma may
be present, but not as the dominant histological com-
ponent; it should comprise less than 30% of the carci-
noma. A spindle cell component can also be present.
Themain differential diagnosis includes direct extension
of a carcinoma from the larynx or esophagus or direct
extension from a metastatic cervical lymph node from
an upper aerodigestive tract primary. Clinical correla-
tion, as well as finding papillary thyroid differentiation
or immunohistochemical expression of thyroid tran-
scription factor or thyroglobulin, can establish a carci-
noma as being of thyroid origin.

Squamous cell carcinoma of the thyroid gland is a
highly lethal tumor. Most patients die within a year
despite combination therapy including surgery, radia-
tion, and chemotherapy. The cause of death is often
related to local recurrence or distant metastases (lungs,
liver, heart, kidneys). The prognosis is similar to or even
worse than anaplastic thyroid carcinoma.

One variant of thyroid squamous carcinoma that
requires mention is CASTLE (carcinoma showing thy-
mus-like differentiation). CASTLE tumors of the thy-
roid are rare and indolent with a favorable prognosis.
Histologically, they are lobulated and expansive, with
fibrous septa, indistinct cellular borders and possibly
having foci of squamous differentiation.

5.2 Metastatic Disease to the Thyroid

Metastatic malignancies to the thyroid are relatively
rare. In many cases the metastasis may be the initial
manifestation of disease. The most common sources of
primary disease are lung, gastrointestinal tract, and
melanoma. Carcinomas from prostate, larynx, kidney
and breast may also metastasize to the thyroid (91,92).
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6 FROZEN SECTION ANALYSIS:

STRENGTHS AND LIMITATIONS

Intraoperative tissue analysis involves sampling and
rapidly freezing tissue that can be cryostat sectioned.
The tissue sections are immediately stained and exam-
ined microscopically. The tissue-fixation step, which
preserves morphology, is not technically feasible during
frozen section.

Thus, the biggest limitation of frozen section analysis
is suboptimal tissue morphology. Frozen section anal-
ysis will allow for the diagnosis of papillary thyroid
carcinoma with typical papillary architecture, invasive
follicular carcinoma, Hashimoto’s thyroiditis, anaplas-
tic carcinoma, and multinodular goiter. There are three
common areas where frozen section analysis meets its
limitations: (1) distinguishing follicular variant of pap-
illary thyroid carcinoma from a follicular adenoma, (2)
definitively identifying minimally invasive follicular
carcinoma, and (3) distinguishing the papillary hyper-
plasia of Graves’ disease from papillary carcinoma. As
these first two issues are generally encountered while
examining follicular adenomas, one can imagine just
how often this differential diagnosis does arise.

When one reexamines false-positive or false-negative
frozen section diagnoses regarding papillary thyroid
carcinoma, these errors usually involve misdiagnosing
follicular variant of papillary thyroid carcinoma (93,
94). As mentioned above, when papillary architecture is
lacking, one can only base the diagnosis of follicular
variant papillary thyroid carcinoma on nuclear mor-
phology, which is compromised at frozen section anal-
ysis. The lack of formalin fixation obscures the nuclear
holes, grooves, and cleared nuclei characteristic for the
diagnosis. Hence, a surgeon wishing to perform a total
thyroidectomy after a definitive diagnosis of papillary
thyroid carcinoma must be patient and await the per-
manent section diagnosis 48 hours later.

Minimally invasive follicular carcinoma, as men-
tioned above, is an uncommon, low-grade malignancy.
The diagnosis is based on observing either capsular
invasion or subcapsular vascular invasion in a solitary
follicular nodule. Grossly, these lesions resemble follic-
ular adenomas. However, it has been noted that the
fibrous capsules of these tumors can be thicker than
those of conventional adenomas. Many histological
samples may be necessary before a diagnosis of mini-
mally invasive follicular carcinoma is made. However,
sampling limitations at the time of frozen section usu-
ally preclude this diagnosis. Importantly, these mini-
mally invasive follicular carcinomas are cytologically
identical to follicular adenomas. Theoretically, any

apparent follicular adenoma might yield diagnostic
evidence of invasion after adequate sampling. For this
reason, most pathologists will not definitely diagnose a
benign follicular adenoma on frozen section. The diag-
nosis of ‘‘histologically benign follicular neoplasm’’ is
used to imply a that the lesion is consistent with
follicular adenoma, but that definitive diagnosis awaits
the permanent sections.

Finally, Graves’ disease is usually treated with thy-
roid suppression. Surgery may become necessary in the
course of this illness if a thyroid nodule develops. Alter-
natively, a follicular adenoma may be hyperfunctioning
(e.g., ‘‘hot’’). The appearance of a hyperfunctioning
adenoma is identical to Graves’ disease with papillary
hyperplasia. Under these conditions, the pathologist
may histologically encounter the papillary hyperplasia
of Graves’ disease and need to distinguish it from
papillary carcinoma. Again, the lack of nuclear details
inherent to frozen section can lead the pathologist to
defer definitive diagnosis until permanent section.
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Hyperthyroidism

Terry F. Davies and Arthur E. Schwartz

Mount Sinai School of Medicine, New York University, New York, New York, U.S.A.

1 INTRODUCTION

The clinical presentation of an overactive thyroid
depends on the severity of the causative disease and
the age of the patient. In younger patients thyroid
overactivity may announce itself rapidly, with severe
symptoms. In the elderly it usually progresses insidi-
ously, perhaps with the development of unexplained
cardiac arrhythmias. The frequency and intensity of the
effects on many tissues may be influenced by the nature
of the underlying disorder. The major causes of an
overactive thyroid gland are summarized in Table 1.
The vast majority of such patients, however, suffer from
either hyperthyroid Graves’ disease or a toxic multi-
nodular goiter.

2 GRAVES’ DISEASE

2.1 Presentation

Graves’ disease is an autoimmune condition and one
of the most common causes of an overactive thyroid
gland. It is characterized by a diffuse goiter and hyper-
thyroidism, which is sometimes accompanied by a
unique ophthalmopathy (Fig. 1), and a rare dermo-
pathy, designated pretibial myxedema (1,2). The major
signs and symptoms of hyperthyroidism are listed in
Table 2. The hyperthyroidism may occur with or
without Graves’ eye disease. Less frequently the eye

disease may present without thyroid involvement
(euthyroid ophthalmopathy).

Graves’ disease is most common in the third and
fourth decades of life, is rare before the age of 10 years,
and may occur in the elderly in an ‘‘apathetic’’ form
without the typical signs and symptoms of hyperthy-
roidism. Like other thyroid disease, it is more common
in women, with an overall prevalence of 2.7%, and a
female:male ratio of approximately 7–10:1 The inci-
dence in women has been estimated to be 1 case per
1000 per year over a 20-year follow-up (3).

The histology of Graves’ disease is distinguished by
the presence of a heterogeneous thyroiditis and evi-
dence of hyperactive thyroid cells resulting in scallop-
ing of the follicular lining. As a result of the infiltration,
the disease may eventually change to thyroid failure
because of the development of clinical autoimmune
(Hashimoto’s) thyroiditis. Furthermore, both these
diseases may occur within the same family, indicating
their close relationship.

2.2 Evidence for an Autoimmune Etiology

Most patients with Graves’ disease display serum auto-
antibodies against thyroid peroxidase (TPO) (the
‘‘microsomal’’ antigen), thyroglobulin (Tg), and the
TSH receptor (TSHR). T-cell–mediated autoimmunity
can also be demonstrated against these three thyroid
antigens. In addition, patients and their relatives may
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show an increased frequency of other autoimmune
disorders, e.g., insulin-dependent diabetes (IDDM),
myasthenia gravis, or rheumatoid arthritis. The auto-
antibodies specific to hyperthyroid Graves’ disease are
those directed against the TSH receptor (TSHRAb),
which behave as TSH agonists and are referred to as

thyroid-stimulating antibodies. These antibodies com-
pete for the binding of TSH to the TSH receptor on the
surface of the thyroid epithelial cells. Their direct
stimulation of the gland removes the thyroid from
pituitary TSH control (Fig. 2). Evidence suggests that
the thyroid gland is itself the major site of thyroid

Table 1 Causes of Hyperthyroidism

1. Graves’ Disease

2. Nodular goiter (uninodular or multinodular)
3. Excess thyroid-stimulating hormone

Pituitary tumor
Trophoblastic tumor

Embryonal testicular carcinoma
Other malignant tumors

4. Ectopic thyroid-producing tissue

Metastatic thyroid carcinoma
Struma ovarii

5. Factitous hyperthyroidism

Excess thyroid hormone ingestion
6. Transient hyperthyroidism

Subacute (de Quervain’s) thyroiditis

Autoimmune thyroiditis (postpartum thyroiditis)
Irradiation treatment

Figure 1 A Graves’ patient with ophthalmopathy. (A) Note the proptosis and stare. (B) Following surgical orbital
decompression. (From Ref. 1.)

Table 2 Major Signs of Hyperthyroidism

Specific for Graves’ disease

Eyes—proptosis, periorbital edema, muscle dysfunction
Diffuse, vascular goiter
Localized pretibial myxedma
Acropatchy

Splenomegaly and lymphadenopathy
Nonspecific
Eyes—stare, lid lag, tearing

Tachycardia and atrial fibrillation
Systolic hypertension
Apical systolic flow murmur

Weight loss
Proximal muscle weakness
Moist skin

Tremor
Brisk tendon reflexes
Hair loss
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autoantibody secretion in Graves’ disease, and the re-
sponsible B cells can be found among the intrathy-
roidal lymphocytic infiltrate.

2.3 Pathology

The thyroid in Graves’ disease is typically a nonhomo-
geneous lymphocytic infiltration by T cells and B cells
with an absence of follicular destruction (Fig. 3). Pre-
surgical antithyroid drug treatment may reduce the
relative degree of infiltration resulting in many patho-
logical reports of sparse or absent infiltrate (4). Follic-
ular epithelial cell size has been found to correlate with
the intensity of the local infiltrate, and this could be
explained by local production of thyroid-stimulating
antibodies.

2.4 Pathogenesis of Graves’ Ophthalmopathy

and Dermopathy

The pathogenesis of the ophthalmopathy and dermo-
pathy of Graves’ disease is now better understood (5,6).
Extraocular muscles and adipose tissue are swollen by
the accumulation in the extracellular matrix of glyco-
saminoglycans. These are elaborated by fibroblasts
under the influence of cytokines secreted by lympho-

cytes as part of the associated lymphocytic infiltration.
This accumulation causes osmotic changes; the result-
ing swelling disrupts and impairs the function of the
extraocular muscles, which eventually become fibrosed.
A similar phenomenon has been proposed to explain
pretibial myxedema. The antigen to which the infiltrat-
ing T cells react may be the TSH receptor itself. Evi-
dence in support of this hypothesis includes the
observation that TSHR mRNA and protein have been
shown to be overexpressed in retroorbital fibroblasts
and adipocytes when compared to many other sites and
different cells where it is found.

Figure 2 The loss of pituitary control of TSH function in

Graves’ disease. TSHR-Antibodies (thyroid-stimulating im-
munoglobulins, TSI) increase thyroid hormone synthesis and
release which suppress the action of endogenous TRH on
TSH and suppress TSH directly. Hence TSH levels are low

but radioiodine uptake is high because it is under the control
of TSI rather than TSH. (From Ref. 43.)

Figure 3 Histology of Graves’ disease. (Top) Graves’
hyperthyroidism is characterized by thyrocytic hyperplasia
forming pseudopapillae that can mimic papillary thyroid

carcinoma. (Bottom) The scalloped colloid (S) and thyrocyte
nuclear morphology (small, round, nonoverlapped nuclei)
distinguish Graves’ disease from papillary thyroid carcino-

ma. (Hematoxylin and eosin)
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3 TREATMENT OF GRAVES’

HYPERTHYROIDISM

It is not yet possible to treat the basic immunopatho-
genic factors in Graves’ disease. Existing therapies for
the thyrotoxic and the ophthalmic manifestations are
palliative in that they may relieve but do not cure the
disorder. Furthermore, the lack of general agreement as
to which therapy is best is evidence for the fact that none
is ideal, as reflected in the treatment guidelines of the
American Thyroid Association (7).

3.1 Antithyroid Drugs

The major agents for treating thyrotoxicosis are drugs
of the thionamide class, most commonly propylthio-
uracil (PTU) andmethimazole (Tapazole). These agents
inhibit the oxidation and organic binding of thyroid
iodide. In addition, large doses of PTU may impair the
conversion of T4 to T3 by deiodinase type 1 in the pe-
ripheral tissues. The half-life of methimazole is about 6
hours, whereas that of propylthiouracil is about 11⁄2
hours. Hence, a single daily dose of methimazole may
be sufficient. As mentioned earlier, thionamide drugs
may also directly influence the immune response within
the thyroid gland of patients with Graves’ disease where
the drugs are concentrated (8). The clinical importance
of this immunosuppression and coincidental induction
of apoptosis is unclear.

3.2 Use of Thionamides

The initial dose of propylthiouracil most commonly
employed is 200 mg given orally every 8 hours. An
equivalent dose of methimazole is 10–20 mg every 12
hours. Higher doses may be required in patients with
severe thyrotoxicosis and large thyroid glands. The
therapeutic response appears after a latent period
because the agents inhibit the synthesis but not the
release of preformed thyroid hormone. There appears
to be little difference in the duration of the latent period
when either of these agents is employed alone in the
usual dosage. In a thyroid gland rich in iodine, as when
the patient has received medications containing iodine,
the clinical response to antithyroid agents may be
delayed for months. Under normal circumstances, a
return to euthyroidism is obtained within about 6
weeks. During antithyroid drug treatment the size of
the thyroid decreases in many patients; a failure for this
to be achieved may signal an intensification and pro-
longation of the disease process. Since the serum TSH
concentration may remain subnormal for many

months, presumably secondary to accelerated conver-
sion of T4 to T3 within the pituitary gland, it is best to
monitor the response to drug treatment using free T4
and T3 levels. It should also be noted that an enlarging
thyroid gland in a treated patient with Graves’ disease
may signal the onset of tumor growth, requiring prompt
sonographic investigation.

3.3 Adverse Reactions

Serious adverse reactions develop in only a small num-
ber of patients taking thionamide drugs. Agranulocy-
tosis, occurring in less than 1% of the patients, is of
most concern. Because of the frequency of lymphopenia
in hyperthyroidism, a complete blood count and differ-
ential is recommended before starting antithyroid drug
therapy. Serial leukocyte counts are prudent; if they
display a downward trend the antithyroid drugs should
be discontinued. Agranulocytosis, however, can appear
suddenly without a gradual decline in the leukocyte
count. The patient must bemade alert to the appearance
of a sore throat and fever, which can herald the con-
dition, and immediately seek medical advice. A thio-
namide rash that can take many forms, including hives,
occurs in less than 10% of patients. Less frequent
reactions include arthralgia, myalgia, neuritis, hepatitis
(with PTU), or cholestasis (with methimazole) and rare
liver necrosis.

3.4 Predicting the Response to Drug

Withdrawal

The persistence of high levels of circulating TSHR-Ab
during treatment of Graves’ disease portends a recur-
rence after withdrawal of antithyroid drugs (Table 3)
(9). Factors preventing a recurrence include a change
from TSHR stimulating antibody to blocking anti-
body (a rare occurrence), or the progression of con-
comitant thyroiditis and the onset of thyroid failure.

Table 3 Factors Predicting Recurrence of Graves’ Disease

High titer of TSHR antibody

Continuing suppressed TSH levels
Failure to suppress radioiodine uptake or serum Tg on T3
(indirect measure of TSHR-Ab)
High T3 levels at diagnosis

Large thyroid size
Male sex
The postpartum period

Previous recurrence
Large iodine load
Major trauma—physical or mental
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Furthermore, iodine deficiency itself may prevent the
hyperthyroidism that is a consequence of recurrence of
Graves’ disease. Additional features associated with
the likelihood of long-term remission after withdrawal
of therapy include the initial presence of T3 toxicosis,
a small thyroid or a decrease in size of the gland, and,
in particular, return of the TSH concentration to nor-
mal during treatment. In practice, treatment should
generally be continued for about 6–12 months and then
withdrawn if the serum is TSHR-Ab negative. About
three quarters of relapses occur in the first 6 months
after withdrawal of therapy, and most of the remainder
occur during the subsequent year. The frequency of
long-term remission, after withdrawal of antithyroid
therapy, has decreased over the past 30 years, perhaps
because of the increase in dietary iodine intake. At
present only about one third of patients experience a
lasting remission. If antithyroid drugs fail, or adverse
reactions ensue, radioactive iodine can be administered
within a week or less following their discontinuation.

3.5 Iodine

Iodine is now rarely used as sole antithyroid therapy.
Large doses of iodine inhibits hormone release rather
than formation. Hence, the beneficial effect of iodine is
evident more quickly than the effects of even large doses
of agents that inhibit hormone synthesis. However, the
addition to glandular organic iodine stores may retard
the clinical response to subsequently administered thio-
namide drugs.

The decrease in radioiodine uptake produced by
iodine prevents the use of radioiodine as treatment for
many weeks. Therefore, aside from its use in prepara-
tion for subtotal thyroidectomy (see below), iodine is
useful mainly in patients with accelerated thyrotoxicosis
or severe thyrocardiac disease. Six mg of iodine daily is
sufficient to control thyrotoxicosisis. This is the amount
present in one eighth of a drop of saturated solution of
potassium iodide (SSKI) or eight tenths of a drop of
Lugol’s solution. Large doses aremore likely to produce
adverse reactions. Three drops of SSKI three times daily
is recommended. It should be administered with doses
of a thionamide drug. Adverse reactions to iodine are
unusual and are generally not serious. They include a
rash that may be acneiform, drug fever, sialadenitis,
conjunctivitis, and rhinitis.

3.6 Radioiodine

The advantage of radioiodine treatment is that it
produces thyroid ablation without the potential com-
plications of surgery. Attempts have been made to

standardize the radiation delivered to the thyroid gland
by varying the dose of radioiodine according to the size
of the gland, the uptake of 131I and its subsequent rate
of release (a technique called dosimetry) (10). How-
ever, such calculations have not provided uniform
results, probably because of variations in individual
sensitivity secondary to the influence of TSHR-Ab.
Hence, many physicians have settled on an arbitrary
dose calculated to result in the delivery of 5–7 mCi of
131I to the thyroid gland 24 hours after administration
(or 5,000–10,000 rad/g). However, it remains impos-
sible to predict the exact dose of radioactive iodine
needed to effect euythyroidism in each specific patient,
and repeat treatments may be required unless ablation
is aimed for initially.

3.7 Complications of Radioiodine

In theory, radioiodine may affect extrathyroidal tissues
that concentrate iodide, e.g., the salivary and gastric
glands and the breasts. A radiation thyroiditis itself
may lead to an exacerbation of thyrotoxicosis 10–14
days after the radioiodine is administered and has
occasionally had serious consequences, including the
precipitation of arrythmias or a thyrotoxic crisis. Ra-
dioiodine may also worsen Graves’ ophthalmopathy,
if only transiently (11). This treatment is also accom-
panied by a high frequency of late hypothyroidism.
Many reports have documented that the incidence of
hypothyroidism is significant during the first year or
two after radioiodine treatment and continues to in-
crease at a rate of approximately 5% per year there-
after. The incidence of postradioiodine hypothyroidism
at 5 years has been reported up to 70% (1). For this
reason, some physicians advocate an ablative approach
to treatment. There is no evidence of a major increase in
thyroid carcinoma, leukemia, or an increase of muta-
tion rates, in patients followed many years after treat-
ment (12). The conventional dose of radioiodine
employed in the treatment of thyrotoxicosis delivers
a radiation dose to the gonads that is roughly equiva-
lent to that delivered by a barium enema examination
or intravenous urogram. However, experience from the
Chernobyl nuclear accident, which caused a large
increase in the number of childhood thyroid cancers
(13,14), has caused many physicians to think that the
use of any radioactivity in children should be avoided
despite some studies that have shown no higher inci-
dence of thyroid carcinoma in adolescents and children
treated with radioactive iodine (15). The available
evidence supports the concept that, in children, low
doses of radiation and fallout (6.5–1500 cGY) stimulate
the development of thyroid nodules and cancer, while
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high doses (10,000 cGY), as in radioiodine therapy,
which ablate thyroid tissue, are not associated with an
increase in thyroid neoplasia.

3.8 Ophthalmopathy and Radioiodine

As discussed earlier, Graves’ ophthalmopathy is most
likely the result of crossover specificity between retro-
orbital and thyroid antigens, perhaps to the TSH
receptor itself. Following radioiodine therapy, the
levels of circulating TSHR-Ab increase secondary to
impairment of immune restraint caused by the intra-
thyroidal irradiation because regulatory T cells are
especially sensitive to irradiation. Carefully conducted
studies indicate that eye disease worsens in patients with
Graves’ ophthalmopathy who are treated with radio-
iodine, and some physicians advocate the use of gluco-
corticoids at the time of radiodine treatment to prevent
such effects (16,17). As discussed later, some authors
prefer surgical thyroidectomy for the management of
Graves’ disease with opthalmopathy, although no care-
ful studies have proven this approach to be superior.

4 SURGERY FOR GRAVES’ DISEASE

Subtotal thyroidectomy, for the appropriate patient
with Graves’ disease, offers swift and certain treat-
ment, with a high degree of safety. It is an overnight
procedure in most cases. In skilled hands the recur-
rence rate is 5% or less, the risk of recurrent nerve
injury less than 1%, and the incidence of permanent
hypocalcemia less than 1–1.5%.

4.1 History

Theodor Kocher, who in 1909 was awarded the Nobel
Prize for Medicine or Physiology for his work on the
thyroid gland, pioneered the development of thyroidec-
tomy. The disastrous results of myxedema and tetany
following total thyroid resection moved him to con-
demn the procedure. He noted, however, that patients
fared better if only one lobe was removed or if the
posterior capsule with a portion of the parenchyma of
the thyroid lobe was left in place. The reasons were not
understood at the time. He had performed 5000 thyroid
resections by 1912, reducing the mortality of the oper-
ation from 18 to 0.5%.

Plummer’s observation in 1923 that iodine blocked
the release of thyroid hormone was a watershed event.
The use of Lugol’s solution for the preparation of

hyperthyroid patients before surgery introduced a
new era of reduced mortality and postoperative com-
plications. It became the treatment of choice. Subtotal
thyroidectomy was transformed from a hazardous
endeavor to a safe and reliable procedure. In 1943
the advent of antithyroid drugs such as propylthio-
uracil and methimazole made it possible to render
patients euthyroid before surgery. This was supple-
mented by iodine for 2–3 weeks before surgery because
of its antithyroid activity and its additional value in
decreasing the vascularity of the gland. The prepara-
tion of the patient in this fashion, as well as refinements
in surgical technique, ushered in a new epoch of
consistency and reliability in the treatment of
hyperthyroidism. The use of adrenergic blocking
agents such as propanolol and atenolol added to the
safety of the operation. With modern preoperative
preparation, the patient arrives in the operating room
in a euthyroid state, and thyroid ‘‘storm’’ after surgery
is almost never seen.

4.2 Indications for Surgery

Surgery is not a common choice of treatment forGraves’
disease in the United States today. Sixty-nine percent of
respondents to the American Thyroid Association pre-
ferred radioactive iodine ablation, whereas only 22% of
European, 22% of Chinese, and 11% of Japanese and
Korean physicians selected this method (18,19). Never-
theless, surgery retains a place in the therapeutic options
for treatment of the condition. The indications are not
precise, rigid, or absolute. Various approaches to treat-
ment of hyperthyroidism have already been discussed,
and each offers advantages and disadvantages. In some
situations there is no evidence-based proof of superior-
ity. Local custom, patient preference, and availability
of medical or surgical expertise are important factors
in making a choice. However, surgery achieves euthy-
roidism more rapidly than radioiodine, which requires
6 weeks or more to reach this status. In a situation
when antithyroid drugs do not control hyperthyroidism
or the patient becomes allergic to them, surgery can
render the patient euthyroid in 10 days.

Currently, surgery is recommended for:

1. Patients with markedly enlarged glands that may
encroach on the upper airway and digestive
tract. In this situation there is often an accom-
panying cosmetic deformity that is simulta-
neously corrected.

2. Patients with accompanying thyroid nodules
not designated benign on biopsy. Up to 20% of
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nodules in patients with Grave’s disease may be
malignant.

3. Patients who wish to become pregnant within a
year of treatment may be treated surgically to
avoid any concern about the effect of radioiodine
on the ovaries.

4. Already pregnant patients who cannot be
adequately controlled by antithyroid drugs or
who develop drug reactions may be considered
for surgery. The optimum time is the second
trimester.

5. Patients who are noncompliant in the use of
antithyroid drugs and refuse radioactive iodine
ablation.

6. Patients, especially children, who have a fear of
radioactivity—although there is no definitive
evidence to support an adverse effect.

Note: In recurrent or persistent hyperthyroidism radio-
active iodine is the universal choice because of the
vulnerability of the parathyroid glands and recurrent
nerves in reoperation.

4.3 Surgery in Special Situations

4.3.1 Childhood

Many authors advise surgery for Grave’s disease in
children. Antithyroid drugs have a failure rate of 60%
or higher and must be continued for a long period.
There may be problems with side effects, allergies, and
compliance (20). In many centers, however, radioac-
tive iodine is the treatment of choice. If antithyroid
drugs cannot be continued or radioactive iodine is
declined, subtotal thyroidectomy offers effective and
rapid management with few complications. In a series
of 82 patients with a median age of 14 years treated by
surgery and with a median follow-up of 8.3 years,
there was a 6.1% incidence of recurrence, and no cases
of permanent hypocalcemia or nerve palsy (21).

4.3.2 Ophthalmopathy

Although the issue is not settled, some authors believe
that surgical thyroidectomy, rather than radioactive
iodine and high-dose steroids, is the preferred manage-
ment of hyperthyroid Grave’s disease in the presence of
ophthalmopathy (22,23). In a prospective randomized
trial of total versus subtotal thyroidectomy on 150
patients for the control of Grave’s orbitopathy, 70–
74% improved after a period of 6–36 months regardless
of whether total or subtotal thyroidectomy was per-
formed (24).

4.4 Preparation for Surgery

The usual preparation of hyperthyroid patients for
surgery can bring about a euthyroid state within 2–3
weeks. Propylthiouracil 100–200 mg three times a day
or methimazole (which has a longer duration of effect)
10–40 mg per day is instituted to block iodination.
Propranolol 10–20 mg up to four times a day can
rapidly control overt thyrotoxic symptoms by blocking
the catecholamine response in hyperthyroidism.
Lugol’s solution, 3 drops three times a day (disguised
in tomato, apple, or orange juice), for 10 days before
surgery blocks the release of thyroid hormone and has
the additional advantage of decreasing the vascularity
of the gland (25). In patients who cannot be given
thionamides, iodine and blockers alone can be used for
rapid preoperative preparation, with the caution that
providing iodine in the absence of antithyroid drugs
may worsen the hyperthyroidism in the longer term,
since thyroid hormone synthesis has not been blocked.
This regimen is not as reliable as the use of all three
drugs but is usually effective in bringing thyroid func-
tion to normal within 10 days. No date for surgery
should be set until a normal metabolic state has been
restored. Much too often the operation is planned well
in advance, and the patient is given a standardized
regimen independent of the clinical progress. In addi-
tion, iodine should not be relied on to complete an as
yet incomplete response to antithyroid therapy be-
cause iodine will enrich glandular hormone stores if
the antithyroid drug is not entirely effective.

4.5 Choice of Operative Procedure in

Graves’ Disease

Surgery provides the best opportunity to leave the
patient euthyroid; the figure of 70–80% is most often
cited, but is highly dependent upon surgical skill. The
most important factor determining postoperative thy-
roid function is the size of the remnant (26). The goal in
surgical management is the removal of sufficient thyroid
tissue to insure against recurrence, but that leaves the
patient euthyroid. This cannot be consistently achieved
because it is not possible to determine the exact amount
of tissue that should remain. The figure of a 4–6 g total
remnant of thyroid tissue is often given, but in fact is
unreliable, because the functional activity is not neces-
sarily related to the size of the remnant. The remnant
is still the target of stimulation by TSHR-Abs that
produce the disease, and it may hypertrophy under
TSHR-Ab stimulation or lose function because of con-
comitant thyroiditis in an unpredictable way. In addi-
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tion, the estimates of remnant weight at surgery are
largely inaccurate, varying at least 30% above or below
the actual weight (27). The objectives of removing suf-
ficient tissue to cure the hyperthyroidism but not so
much that the patient will become hypothyroid, com-
pete with each other. Subtotal thyroidectomy is, there-
fore, a compromise between the risk of recurrent
hyperthyroidism and hypothyroidism. Given this
choice, recurrent hyperthyroidism is clearly the condi-
tion that is more undesirable. However, the remnant
size cannot be relied upon to render the patient euthy-
roid in a predictable way. For this reason there are
surgeons who recommend total thyroidectomy, claim-
ing that the operation is equal in safety to subtotal
thyroidectomy and can be completely relied upon to
control hyperthyroidism (28).

If recurrence of Graves’ disease develops, surgery
cannot be safely repeated because of the scarring and
distortion in the positions of the parathyroid glands and
recurrent nerve, which make reoperation hazardous.
The patient would be left with the choice of radioiodine,
which may have been declined in the first place, or the
use of antithyroid drugs. Since the first priority is con-
trol of disease, it is far more reasonable to err on the side
of removing more, rather than less tissue. Hypothyroid-
ism can be completely controlled and is easily managed
by oral administration of thyroxine, which replaces all
thyroid functions and is readily monitored by thyroid
function studies.

4.6 Technique of Bilateral Subtotal

Thyroidectomy

The traditional operation for Graves’ disease is bilateral
subtotal thyroidectomy. As in all procedures for hyper-
thyroidism, the main concern is permanent hypo-
calcemia because of devascularization or damage to
the parathyroid glands and injury to the recurrent
laryngeal nerve. After exposure of the thyroid lobe in
the usual fashion, the middle thyroid vein and superior
pole vessels are divided and ligated. The thyroid lobe is
rotated medially; the lower parathyroid is identified
and, if located towards the posterior aspect of the
thyroid lobe, left in place. The upper parathyroid is
almost always located posteriorly and also left in place.
The recurrent nerve can most easily be identified at the
level of the lower or midportion of the thyroid lobe. On
the right side the course is more oblique because it
comes in from a lateral position after recurring around
the subclavian artery and may even be nonrecurrent,
branching directly from the vagus at the level of the

cricoid. The left nerve travels directly upward and is
almost always recurrent. The lower portion is the easiest
part of the nerve to identify. As the nerve courses
upward it is usually anterior to the upper parathyroid;
both may be enveloped by the fascia that anchors the
upper thyroid pole to the upper two or three tracheal
rings, cricoid cartilage, and pharynx (Berry’s ligament).
This fibrous sheet must then be dissected from the nerve
as it courses superiorly to the point where it enters the
larynx just below the cricothyroid muscle (Fig. 4). The
superior parathyroid may be covered by this fibrous
sheath, enveloped by it, or lie anteriorly. It usually drops
posterior to the nerve as it is dissected from adjacent
tissue. This is the most difficult part of the nerve
dissection and where the superior parathyroid is most
likely to be devascularized. The inferior parathyroid can
usually be easily dissected from the thyroid and moved
posteriorly. However, there are instances when it can-
not be dissected free easily or it becomes devascularized
during the surgery. To insure viability, such a gland
should be removed, minced into 2 mm segments, and
transplanted.

Subtotal thyroidectomy leaves the posterior capsule
in place, eliminating the need to divide the branches of
the inferior thyroid artery that provides the blood
supply to the upper as well as the lower parathyroids
(Fig. 4). In addition, if only the lower portion of the
recurrent nerve is visualized in subtotal thyroidectomy
(as is the preference of the authors), the dissection of the
most vulnerable part of the nerve as it courses upward
and under the cricothyoid muscle is avoided, as is the
risk of devascularizing the superior parathyroid gland.
In order to expose the upper portion of the nerve, the
superior parathyroid frequently has to be dissected,
with the attendant risk of damage to its blood supply.
This hazard is also removed by leaving the posterior
capsule of the thyroid undisturbed.

After the parathyroids and the recurrent nerve are
protected, either by preserving the posterior capsule or
by visualization and dissection, the ventral 80–90% of
the thyroid parenchyma is removed by transecting
anterior to the level of the parathyroids to preserve their
blood supply. The thyroid capsule is finally sutured to
the tracheal fascia creating a tamponade that controls
any remaining bleeding (Fig. 5). The authors prefer to
remove additional thyroid tissue from within the thy-
roid capsule after the gland has been transected, by the
use of a cautery loop. This has the advantage of remov-
ing parenchymal tissue and does not endanger the nerve
or the parathyroid gland (Figs. 5, 6). It also makes
it easier to control the size of the remnant to be left
in place.
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4.7 Near-Total Thyroidectomy

The technique of total thyroid lobectomy and contrala-
teral near-total thyroidectomy for the opposite side
(Hartley-Dunhill operation) is being used more fre-
quently; it has valid reason to be considered. Lobectomy
is undertaken on the side that is problematic, i.e., the one
containing nodules or the one that is larger. The entire
course of the recurrent nerve and superior parathyroid

gland on the side of lobectomy are carefully dissected
and preserved, but on the opposite side the upper
portion of the nerve and the upper parathyroid are left
in place, undisturbed, protected by the posterior cap-
sule, and with less exposure to injury. The size of the
remnant remaining on the near-total side can be more
accurately controlled; approximately 4–5 g are recom-
mended. Most studies show no higher rate of nerve
injury or hypocalcemia than subtotal resection. This
method is preferred by the authors.

4.8 Results of Surgery for Graves’ Disease

The rate of recurrent or persistent hyperthyroidism after
subtotal thyroidectomy is approximately 3–6%, when

Figure 5 Eighty-five to 90% of the left thyroid lobe has
been resected. The thyroid capsule has been sutured to the
tracheal fascia, imbricating the remaining portion of the

thyroid lobe. This also controls hemostasis by tamponading
the residual thyroid tissue. The right thyroid lobe has been
transected. Additional thyroid tissue will be removed from

within the capsule by a cautery loop. This makes it possible
to resect additional parenchymal tissue from within the
thyroid capsule, avoiding the parathyroids and the recurrent
nerve. It also facilitates more accurate measurement of the

amount of tissue to be left in situ.

Figure 4 The superior pole vessels have been divided and
ligated. The thyroid lobe is rotated medially and the lower

portion of the recurrent nerve is identified. The inferior para-
thyroid gland can be seen in this patient; it is left in place.
Berry’s fascia is left intact. The recurrent nerve may or may

not be visualized at its upper aspect; the upper parathyroid
gland, similarly, need not be exposed. These structures are
shielded by preserving a posterior rim of thyroid tissue as the
thyroid lobe is transected from its lateral to medial side in an

oblique direction toward the trachea. If the surgeon wishes to
remove additional thyroid tissue, the gland can be transected
at a deeper level, or additional parenchyma can be removed

from within the capsule by a cautery loop. This facilitates
inversion of the capsule of the thyroid into the tracheal fascia.
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the remnant size is 4–6 g. It is, of course not just a
function of the amount of tissue left in place, because of
the varying influence of TSH receptor antibodies and
ongoing thyroiditis. The rate of hypothyroidism in
subtotal thyroidectomy ranges around 30%, but again
is a reflection of the remnant size and other variables.
The incidence of hypothyroidism increases over the
years since the remnant frequently becomes impaired
by thyroiditis. There is 0% recurrence of hyperthy-
roidism for total thyroidectomy, but all patients become
hypothyroid.

4.9 Complications of Surgery

The complications of surgery for hyperthyroidism are
the same as for other thyroid surgery. Postoperative
bleeding may require reopening the neck. The incidence
is low, perhaps 1%, and usually easily controlled. Post-

operatively bleeding into the neck creates pressure in a
closed space that can threaten the airway and the life of
the patient. In a hospital setting with close monitoring,
experienced personnel can open the wound and preserve
the airway. If bleeding occurs where trained help is not
available, the result can be catastrophic. The authors
believe that these patients should have overnight hospi-
tal surveillance (29). Recurrent nerve injury in thyroid
surgery in experienced hands occurs in <1% of cases.
The principle of exposure and dissection of the nerve has
substantially reduced the incidence of palsy. Hypothy-
roidism cannot really be accepted as a complication of
surgery because the object of the operation is to reduce
thyroid parenchyma; the fine line between removing too
much or too little is best resolved by taking a bit too
much. Hypothyroidism is easily controlled, but recur-
rent or persistent hyperthyroidism is bad news.

4.10 Hypoparathyroidism

Although hypothyroidism can be readily controlled,
permanent hypoparathyroidism is a more distressing
problem. This condition produces serious metabolic
problemsthatrequire lifelongsurveillance.Despitetreat-
ment, cataracts occur in up to 70% of patients (30).
Fatigue, paresthesias, and muscular irritability are con-
tinuing problems. Hypocalcemia is more frequent and
severe after surgery forGraves’ disease rather than other
conditions. This is attributed to ‘‘hungry bones’’ as well
as the effect of manipulation of the parathyroid glands
and interference with their blood supply (31). This prob-
lemisusually transient,but there isawidevariation in the
frequency of permanent hypoparathyroidism after thy-
roid surgery for Graves’ disease. In experienced hands it
is approximately 1–1.5% of patients, and there are
some series reporting close to 0%. Temporary hypo-
calcemia is more common; it occurred in 14.6% of 150
Graves’ patients managed by total, bilateral subtotal,
or lobectomy with contralateral lobectomy (24).

5 TOXIC MULTINODULAR GOITER

AND TOXIC SINGLE NODULES

Toxic multinodular goiter (TMG) is a disorder in which
thyroid overactivity is secondary to thyroid nodules
that secrete thyroid hormone autonomously, resulting
in hyperthyroidism. On radiodine scanning these
patients present as a mixture of ‘‘hot’’ and ‘‘cold’’
nodules. A single ‘‘hot’’ toxic adenoma (Plummer’s
disease) is a less common form of hyperthyroidism. It
results from a single autonomous nodule of the thyroid

Figure 6 Classic subtotal thyroidectomy. Both thyroid lobes
have been subtotally resected and their capsules sutured to

the tracheal fascia. A total of 4–6 g of thyroid parenchyma is
left in situ. A preserved inferior parathyroid is seen in the
right lower pole.
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gland, similar to the autonomous lesions seen in toxic
multinodular goiter. The adenoma is usually palpable as
a solitary mass, almost always over 2.5 cm in size, and
can be confirmed by sonography.

5.1 Pathogenesis

Toxic multinodular goiter arises in patients with multi-
nodular goiters of long duration. Thyroid hormone
secretion is secondary to somatic mutations that result
in constitutive activation of the TSH receptor or TSH
receptor signal transduction pathways. The precise
mutations in the TSH receptor itself may differ from
nodule to nodule (32,33). A small number of autono-
mous adenomas have mutations in the G protein genes
that lead to a similar state of constitutive activation (34).
The constitutive activation of the TSHR results initially
in functional autonomy of the nodules as shown by the
lack of pituitary TSH control. Hyperthyroidism may
develop quite suddenly after exposure to excess dietary
iodine or iodine-containing contrast medium, which
permits autonomous thyroid cells to increase hormone
secretion to excessive levels. In addition, toxicity in
patients with multinodular goiter may be the result of
Graves’ disease, which can develop within a multinod-
ular gland or be the primary cause of the nodule
formation (35). In the absence of Graves’ disease, the
remaining normal tissue between the nodules appears
inactive as a result of the suppression of pituitary TSH
by the excess thyroid hormones secreted by the active
nodules. Hence, radioiodine scanning may distinguish
between these conditions.

5.2 Clinical Presentation

Toxicmultinodular goiter usually occurs after the age of
50 in patients who have had nontoxic multinodular
goiter for many years; it is more frequent in women
than in men. However, thyroid hormone excess in
patients with multinodular goiters is usually less than
that seen in Graves’ disease. Since the hyperthyroidism
is due to autonomously functioning adenomas rather
than autoimmune disease, there are no spontaneous
remissions; a continued growth of the adenomas and a
progression of hyperthyroidism ensues. Eye and skin
disease, a reflection of the autoimmune process seen in
Graves’ disease, are absent (Table 2). Serum T4 and T3

concentrations may be only slightly above normal, and
a suppressed TSH may be the only finding. Cardiovas-
cular manifestations, including tachycardia and atrial
fibrillation, are more common than seen in Graves’
disease because of the age of the patients with MNG.

Furthermore, obstructive symptoms are not unusual in
MNG because the enlarged thyroid gland may be
retrosternal. On palpation the goiter is identical to a
nontoxic multinodular goiter.

Single toxic adenomas occur in a younger age group
than toxic multinodular goiter, frequently in patients in
their third or fourth decade. Often there is a history of a
longstanding, slowly growing lump in the anterior
neck. It is unusual for adenomas to produce thyrotox-
icosis until they have achieved a diameter of 2.5–3 cm.
There may be progressive growth and increasing func-
tion over many years. At first the adenoma may present
as a small nodule or may be nonpalpable, but it can be
detected by sonography or radioidine scanning as a
localized area of increased isotope accumulation. Ulti-
mately the normal thyroid tissue is completely sup-
pressed and atrophic, with a radioiodine scan revealing
function limited to the adenoma (‘‘hot nodule’’). The
mass is usually smooth, well defined, round or ovoid. It
is firm andmoves with swallowing. Often the remainder
of the gland is not palpable. In contrast to Graves’
disease, a bruit is never present.

5.3 Investigation

Serum thyroid function testing reveals a suppressed
TSH and often an increased FT4 and FT3. However, a
suppressed TSHmay be the only abnormality, or it may
be accompanied by an increased FT3 but a normal FT4.
Other reasons for treatmentmay also be present, e.g., an
accelerating loss of bone density or cardiac arrythmias.
Ultrasonography offers accurate sizing of the major
nodules present; radiodiodine scanningwill revealwhich
of the nodules are toxic. A rapidly enlarging nodulemay
suggest the need for an aspiration biopsy, but cytology
of active nodules can be difficult to interpret because
they may simulate papillary carcinoma (36). AnMRI or
CT scanmay be required to assess retrosternal extension
and tracheal compression. Pulmonary flow studies can
indicate the severity of tracheal obstruction.

6 TREATMENT OF TOXIC NODULES

Treatment of asymptomatic patients with functional
nodules is best decided on an individual basis. Rather
than thyroid hormone measurements, the degree of
TSH suppression is an index of the progression of
thyroid hormone production by the autonomous cells.
Suppresion of TSH below the lower limits of normal
indicates that hyperthyroidism is present and that ther-
apy should be considered except in unusual situations.
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Two therapies are most appropriate: radioiodine and
surgery although in the very eldelry, antithyroid drugs
may also be employed. Large nodules with concomitant
physical symptoms are most readily treated with surgi-
cal excision. Surgical excision is also employed in
patients younger than age 20, in whom radiation from
131I to the perinodular normal thyroid tissue could
theoretically predispose to the development of radia-
tion related thyroid neoplasia, although there is no
direct evidence for this caution. In addition, determin-
ing the dosage of radioactive iodine may be difficult,
sometimes requiring repeat treatments.

6.1 Radioiodine

In terms of the specificity of treatment, multiple func-
tioning thyroid nodules are ideal candidates for radio-
iodine therapy (37). The radiation is directed almost
exclusively to the diseased tissue. Since TSH is sup-
pressed, the normal thyroid tissue surrounding the
nodule should not take up radioiodine, although in
practice many patients develop thyroid failure. For
the patient older than age 20 with a single autonomous
nodule 3 cm in diameter or smaller, 131I is an appro-
priate treatment if the risk of eventual hypothyroidism
is acceptable. In general, higher doses of radioiodine are
required than in Graves’ disease, namely f10 mCi
deposited at 24 hours (38). Because of the potential
for hypothyroidism with higher 131I doses, prolonged
follow-up is mandatory.

6.2 Surgery

When a toxic nodular goiter is sizable and enlarging,
surgery can rapidly return the patient to a euthyroid
state and simultaneously remove any suspicious ‘‘cold’’
nodules. In such patients a bilateral subtotal thyroidec-
tomy (‘‘near-total thyroidectomy’’) may be preferred.
Surgery for a single autonomous adenoma has the
advantage of avoiding the problem of hypothyroidism
that may occur after radioiodine ablation. In this sit-
uation, a hemithyroidectomy is curative.

7 THYROTOXICOSIS IN SPECIAL

CIRCUMSTANCES

7.1 Accelerated Thyrotoxicosis

Thyroid ‘‘storm,’’ a severe and accelerated form of
thyrotoxicosis, may be seen in postoperative thyrotoxic
patients who were not adequately prepared for surgery

(39). This condition has become a rarity because vir-
tually every patient now arrives at the operating table
in either a euthyroid state or with only mild persisting
hyperthyroidism. Storm is usually abrupt in onset and
characterized by symptoms of severe thyrotoxicosis and
a change in mental status. Extreme hypermetabolism
with body temperatures rising to 40jC or more are a
distinguishing feature of the condition, which is most
commonly precipitated by a medical complication such
as infection rather than surgery. If not treated, the
outcome can be lethal within 24–48 hours. Manage-
ment is directed to stopping the synthesis and secretion
of thyroid hormone and beta blocking their effects on
peripheral tissues by inhibiting peripheral deiodination
and adrenergic overactivity. Corticosteroids (dexa-
methasone 1–2 mg bid), blocking agents, thionamides,
and Lugol’s solution are used. A controlled cooling
blanket is valuable in the attempt to decrease body
temperature.

7.2 Amiodarone-Induced Thyrotoxicosis

This antiarrthymic drug has complex effects on the
thyroid although the majority (f80%) of patients
remain euthyroid (40). The drug resembles T4 and
contains 37% iodine and has a half-life of 50–60 days
and, therefore, remains available for a long period even
after drug withdrawal. Amiodarone has a direct cyto-
toxic effect on thyroid cells, which may cause thyroid
failure. However, the iodine load and/or the cell damage
may also precipitate Graves’ disease in susceptible
individuals, particularly in areas of iodine deficiency.
Amiodarone-induced hyperthyroidism may either
develop rapidly in a patient or even after a few years
of treatment. Antithyroid drugs and radioiodine may be
ineffective because of the large intrathyroidal iodine
load. Thyroidectomy is, therefore, the treatment of
choice and allows the continuation of the drug (41,42).
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Diagnosis and Management of Thyroid Nodules

Jeffrey I. Mechanick

Mount Sinai School of Medicine, New York University, New York, New York, U.S.A.

1 INTRODUCTION

Nodular thyroid disease refers to the presence of a soli-
tary solid nodule, a multinodular gland, or one or more
cystic lesions. The evolution of new concepts and tech-
nological advancements has had considerable impact
on the management of nodular thyroid disease over the
past decade. These include:

Recognition of an increased prevalence of nodular
thyroid disease and an increased potential for
thyroid carcinoma in nodules traditionally
thought to be at low risk (multinodular goiter,
cystic, chronic, and those nodules associated with
hyperthyroidism)

Low lethality of papillary thyroid cancer, the most
common type of thyroid cancer, based on long-
term clinical data

Popularization of office-based ultrasonography (US)
and ultrasound-guided fine needle aspiration bi-
opsy (UG-FNA)

Development of highly sensitive thyroid-stimulating
hormone (TSH) assays

Demonstration of low sensitivity and specificity of
L-thyroxine suppression therapy to differentiate
benign from malignant nodules

Use of minimally invasive thyroid surgical tech-
niques

New thyroid nodules appear at an annual rate of
0.08% (1). There is a 5–10% lifetime risk for palpable

nodular thyroid disease, which is increased in iodine
deficient areas and decreased in iodine-sufficient areas
(2). Also, 20–40% of patients with normal thyroid
glands on palpation will have clinically significant ul-
trasound-demonstrable thyroid nodules (3,4) or addi-
tional nonpalpable nodules in a patient with a single
palpable nodule (5). Furthermore, 50% of patients
with thyroid glands that are normal by palpation will
have small, subcentimetric nodules (6).

In contrast, thyroid cancer is relatively rare, affecting
only 0.004% of Americans, with 12,000 new cases di-
agnosed each year, accounting for 1% of all malignan-
cies and 0.5% of cancer mortality (7). Mortality from
thyroid cancer is rare among patients with stage I
disease, but increases with more extensive disease on
presentation, hence providing the impetus for early
detection of this potentially ‘‘curable’’ disease.

Solitary nodules or multinodular glands can harbor
autonomously functioning tissue capable of producing
a thyrotoxic state and a suppressed TSH level. Krohn
and Paschke (8) hypothesized the following etiological
sequence for the development of autonomous nodules:
(1) diffuse thyroid hyperplasia in children in response
to iodine deficiency, (2) increased risk of mutagenesis,
(3) constitutive activation of the cAMP cascade via mu-
tations in the TSH receptor and/or Gsa protein, and (4)
selective growth of a mutant cell line which is indepen-
dent of TSH stimulation. Nonfunctional (cold) nodules
might be formed by a mutation in a gene favoring de-
differentiation, such as ras oncogene. Moreover, factors

115



other than TSH, which crosstalk with TSH-dependent
signaling pathways, have been implicated in thyroid
cell growth and nodule formation. These include insu-
lin, insulin-like growth factor 1, epidermal growth fac-
tor, basic fibroblast growth factor, and transforming
growth factor-h.

Approximately 90–95% of solitary thyroid nodules
are associated with normal TSH levels (9). Belfiore et
al. (10) evaluated 5637 patients with nonfunctioning
thyroid nodules from 1980 to 1990 and found an over-
all thyroid cancer frequency of 4.6% (5.3% in iodine-
sufficient areas and 2.7% in iodine-deficient areas).
Kuma et al. (1) found that most thyroid nodules de-
crease in size during a period of observation, with 38%
actually disappearing and 13% enlarging. With subse-
quent evaluation, thyroid cancer was found by FNA in
26.3% of enlarging thyroid nodules, contrasted with
only 6.4% of stable thyroid nodules. In a later study
involving US and UG-FNA follow-up of 134 patients
over a 9- to 11- year period, 92% of thyroid nodules re-
mained benign, with 42–79% decreasing in size or
disappearing altogether (12). However, 21–23% be-
came larger, were referred to surgery, and found to
harbor a malignancy in 4.5% of cases (12). The
authors conclude that FNA-proven benign thyroid
nodules remain benign over many years and do not
require medical or surgical intervention unless there
is growth.

Frequently, a palpable nodule represents a domi-
nant nodule in a multinodular gland. These dominant
nodules have an overall likelihood of malignancy com-
parable to truly solitary, solid nodules but less than
simple cysts (10,13). Complex cysts, demonstrating
both solid and cystic structures by ultrasound, and
large (>3 cm) simple cysts that recur after aspiration
have a similar risk of malignancy as purely solid nod-
ules, since they may represent cystic degeneration of
these solid lesions (14).

2 INITIAL EVALUATION

Patients with nodular thyroid disease are evaluated
by a TSH level, neck US, and UG-FNA. This approach
avoids unnecessary radiation exposure associated
with scintigraphy and has also been associated with
improved quality-adjusted life expectancy and cost-
effectiveness when compared with an approach that
would perform scintigraphy and/or immediate surgery
on all thyroid nodules (15). An approach centered on
the primacy of FNA increases the cancer yield 15–30%
among solitary thyroid nodules while reducing unneces-

sary surgical procedures and decreasing the cost of care
by 25% (16).

Historical features frequently guide the physician to
the appropriate diagnostic algorithm. Certain clinical
features are so significant with respect to risk that re-
gardless of the FNA results, surgery should be seriously
considered. These features include childhood and ado-
lescence, age over 60 years, symptoms of tissue invasion
in the neck resulting from the mechanical effects of tu-
mor pressure or infiltration, history of radiation expo-
sure to the head or neck, and family history of thyroid
cancer. Thyroid nodules are more common in women.
However, men and women have equal rates of thyroid
cancer. Therefore, a thyroid nodule in a man is more
likely to represent a malignancy. In fact, Belfiore et al
(10) found that male patients over 70 years of age who
had a nonfunctioning thyroid nodule had a 50% risk of
thyroid cancer. Papillary thyroid cancer is more likely in
iodine-sufficient regions (17), while follicular thyroid
cancer is more likely in iodine-deficient regions (18).

In children with nodular thyroid disease and a his-
tory of radiation exposure to the head and neck, the
incidence of thyroid cancer is 14–61% (19–21). These
relatively high rates are principally due to the effects
of radiation exposure on tumorigenesis in children.
Therefore, patients should be questioned regarding
possible radiation exposure for childhood conditions
such as acne, thymic or tonsillar enlargement, tuber-
culous lymphadenopathy, and skin or scalp lesions. A
patient who may have been exposed to Chernobyl ra-
diation leakage as a child in Belarus or Ukraine is also
at higher risk for thyroid cancer. Overall, the presence
of a thyroid nodule and a history of radiation exposure
is an indication for surgery.

With pregnancy, the thyroid gland enlarges phys-
iologically and pre-existing nonpalpable thyroid nod-
ules may become palpable. The evaluation of thyroid
nodules in pregnancy is the same as in nonpregnant
women with the exception that radioiodine studies are
avoided. If a malignancy is discovered, surgery may be
performed safely during the second trimester or de-
ferred until after delivery.

Pain is generally not a feature of thyroid nodules, and
when it does occur it is typically acute in onset, repre-
senting hemorrhage into a benign colloid nodule. In
the elderly, a new or rapidly growing thyroid nodule
could represent a malignancy, particularly an anaplas-
tic lesion, and surgery should be considered promptly.
Family history of thyroid cancer can suggest medullary
thyroid cancer as part of the multiple endocrine neo-
plasia (MEN) syndromes (type 2a or 2b), non-MEN fa-
milial syndromes, familial papillary thyroid cancer that
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can also be associated with familial adenosis polyposis
(Gardner’s syndrome), and ataxia telangiectasia, or fa-
milial follicular carcinoma.

Physical examination of the thyroid gland should be
performed with the patient seated upright, anteriorly
and posteriorly (Fig. 1), as well as with the patient in
the supine position with the neck fully extended. Since
the thyroid gland is enveloped by the deep cervical
fascia, which encompasses the thyroid cartilage and tra-
chea, the gland will move with swallowing. This ob-
servation allows differentiation between a mass arising
in the thyroid from lymph nodes and most other neck
structures. One exception is a thyroglossal duct cyst,
which will also move with swallowing because of its
attachment to the hyoid bone. Whereas thyroid gland
palpation is only possible through two layers of over-
lying strap muscles as well as the cervical fascia, the

examination is relatively insensitive compared to office-
based ultrasonography.

Generally, thyroid nodules greater than 1 cm in
diameter are palpable unless they are situated deep in
the neck. Though irregular and firm nodules are suspi-
cious for cancer, papillary and follicular cancers can
be soft; benign calcifications as well as thyroid cysts ( if
under tension) can be firm. Fixation of the nodule to
underlying soft tissue is a sign of malignancy. Careful
attention should be directed to the presence of lymph-
adenopathy, tracheal deviation, and clinical signs of
hypo- or hyperthyroidism. Lateral thyroid nodules
move with swallowing, whereas lymph nodes do not.
Indirect laryngoscopy should be performed on all
patients, especially those with large or symptomatic
thyroid nodules, to assess vocal cord function. Recur-
rent nerve palsy is highly suspicious for malignancy

Figure 1 Physical examination of the thyroid gland: (left) anterior palpation using thumb; (right) posterior palpation using
fingertips.
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related to nerve invasion, though enlarging benign
colloid nodules or even left atrial dilatation can elicit
similar signs due to a direct pressure effect. Hamming
et al. (22) studied 169 patients with nodular thyroid dis-
ease and found benign disease in 17% of patients with
vocal cord paralysis, 29% with cervical lymphadenop-
athy, 29% with fixed nodules, and 50% with hard
nodules. A summary of important history and physical
findings in the evaluation of a patient with a thyroid
nodule is given in Table 1.

If the TSH level is suppressed in a patient with nod-
ular thyroid disease, hyperthyroidism is present and
may be due to an autonomously functioning thyroid
nodule (AFTN) or a nonfunctioning nodule in the set-
ting of autoimmune or viral thyroiditis. Radioiodine
scintigraphy can evaluate iodine transport and organi-
fication and is preferred over technetium scintigraphy,
which can only evaluate iodine transport. Autono-
mously functioning thyroid nodules are seldom toxic
when smaller than 2.5–3.5 cm. In general, AFTN are
considered to be benign, though several studies have
described significant malignancy rates when thyroidec-
tomy is performed. Thyroid cancer is found in up to 6%
of AFTN in adults and up to 11% of AFTN in children
(23,24). Overall, Wong et al. (25) remark that 10% of
warm nodules are malignant and 5% of hot nodules
are malignant. These figures need to be confirmed in
larger studies, but are comparable to the 4.6% overall
incidence of carcinoma in nonfunctioning solitary thy-
roid nodules found by Belfiore et al. (10). These data
support the use of UG-FNA, concomitant with draw-
ing a TSH level, in all thyroid nodules at presentation.
This is in considerable contrast to the previously held
view that thyroid cancer is so rare in AFTN that UG-
FNA is not necessary.

The presence of antithyroid antibodies can also sup-
port a diagnosis of Hashimoto’s thyroiditis, which

is frequently associated with benign nodularity due to
lymphocytic infiltration. Nevertheless, an association
between papillary thyroid cancer and Hashimoto’s thy-
roiditis is well recognized in the literature (26). In a
series of 136 patients with papillary thyroid cancer, 30%
had chronic lymphocytic thyroiditis, 65% of whom had
antithyroglobulin antibodies (27). Patients with both
conditions were younger, female, and more likely to
have multicentric tumors (27). Tumor-infiltrating lym-
phocytes were far more likely with papillary thyroid
cancer when chronic lymphocytic thyroiditis existed
(82.5% vs. 5%) (27). There is an improved prognosis
in patients with papillary thyroid cancer when it is
associated with Hashimoto’s thyroiditis (27). Thyroid
cancer may also be more frequent (28) and more
aggressive (29) when associated with Graves’ disease.
However, recent studies argue against the association of
thyroid cancer and Graves’ disease (30,31).

A baseline serum thyroglobulin is of little help in the
evaluation of nodular thyroid disease since it may be
elevated in benign as well as malignant conditions. On
the other hand, a baseline serum calcitonin level should
be drawn as part of the routine screening in patients
with a family history of medullary thyroid carcinoma
(MTC) or multiple endocrine neoplasia type-2 (MEN-
2). A diagnosis of MTC can be confirmed with penta-
gastrin-stimulated calcitonin levels and a diagnosis of
MEN-2 with DNA analysis for ret mutations (32). In
patients without a history of familial MTC or MEN-2,
routine serum calcitonin screening for sporadicMTC in
nodular thyroid disease has been controversial, though
a recent study of 1448 patients by Hahm et al. (33) ad-
vocated this procedure. Proponents of routine screening
simply argue that this rare tumor may be diagnosed
preoperatively and therefore a more appropriate surgi-
cal procedure and lymph node dissection can be
planned. Opponents argue that this screening test is

Table 1 History and Physical Findings in the Evaluation of Patients with Nodular Thyroid Disease

Favor benign disease Favor malignant disease

Family history of autoimmune thyroid disease Previous or family history of thyroid cancer
or benign nodular goiter Age < 20 years or > 60 years

Multinodular goiter without a dominant nodule Male
Symptoms of hypo- or hyperthyroidism Presence of dysphagia and hoarseness
Pain or tenderness associated with the nodule The nodule is firm, hard, and/or fixed
The nodule is soft, smooth, and/or mobile Presence of cervical lymphadenopathy

Childhood/adolescent radiation exposure to
head/neck
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not cost-effective and false elevations of calcitonin can
occur with (1) single-site radioimmunoassays, (2) C-cell
hyperplasia adjacent to a differentiated papillary or
follicular carcinoma, (3) concurrentMTC and papillary
carcinoma, (4) concurrent thyroiditis and C-cell hyper-
plasia, and (5) extrathyroidal calcitonin production
in pulmonary Kulchitsky cells, pituitary gland, thymus,
and cancers of lung, breast, liver, pancreas, and of
neuroendocrine derivation.

3 RADIONUCLIDE SCANNING

Three commonly available radioisotopes are used for
thyroid scintigraphy. 131I is the most effective for whole
body imaging for thyroid cancer follow-up, but the
high energy of gamma emissions compromises the im-
age resolution and the long half-life (8 days) increases
radiation exposure. 123I is used for routine evaluation of
thyroid nodules because of the high ratio of detectable
photons to radiation. It also has less overall thyroidal
radiation exposure due to the absence of beta emissions
and a short half-life (13 hr). 99mTc is trapped by thyroid
tissue due to its similar charge and size as iodide, but
it is not organified and therefore results that are not
consistent with radioiodine images may occur. Tech-
netium is frequently used because of its wide availa-
bility in nuclear medicine facilities, its low radiation
exposure due to a very short half-life (6 hr), and ideal
gamma energy with absence of beta emissions. Intense
99mTc-methoxyisobutylisonitrile (MIBI) uptake has
also been associated with an increased likelihood of ma-
lignancy (34). In addition to the above, preliminary
results with dual-phase 201thallium imaging show prom-
ise as a potential discriminator between benign and ma-
lignant nodules, especially when FNA results prove to
be equivocal (35).

Toxic autonomous nodules greater than 2.5 cm are
usually associated with thyrotoxicosis, placing the pa-
tient at risk for osteoporosis, arrhythmia, and a variety
of constitutional symptoms. These lesions should gen-
erally be treated with radioiodine, but surgery is ap-
propriate for younger patients, those with larger, more
symptomatic nodules or nodules with significant hem-
orrhage or cystic degeneration, or in those who sim-
ply prefer surgery after a thorough discussion with
the physician. Percutaneous alcohol injection can also
be considered as a safe alternative treatment. In el-
derly patients with subclinical hyperthyroidism due to
an autonomously functioning nodule, there is an in-
creased risk of atrial fibrillation, so radioiodine abla-

tion should be considered (36). Scintigraphy may also
be used as a complementary study to evaluate asymme-
try, which may represent hemiagenesis, a hypertrophied
lobe masquerading as a sonographically demonstrated
nodule, substernal masses, and ectopic (usually lingual)
or pedunculated thyroid tissue.

4 THYROID ULTRASONOGRAPHY

Ultrasonography is performed at baseline to (1) deter-
mine whether a palpable thyroid mass actually repre-
sents a discrete nodule, (2) assess malignant potential
of the nodule (37), (3) determine whether additional,
nonpalpable nodules are present, which may modify
the risk of malignancy and guide the extent of surgery,
(4) define the anatomy of the neck, especially vascular
structures, when surgery seems likely, and (5) enable
accurate cellular sampling with FNA. Nevertheless, US
cannot diagnose a thyroid malignancy.

Sonographic features of benign nodules include nor-
mal or hyperechoic signal consistent with colloid, a
‘‘halo’’ sign (Fig. 2), or well-delineated margin, a thin-
walled cyst, eggshell or amorphous calcifications, shad-
owing, decreasing size over time, lower intranodular
blood flow using Doppler studies, and absence of
lymphadenopathy. Alternatively, malignant nodules
are generally hypoechoic, owing to increased cellularity,
with an irregular border. Other features suggestive of
malignant lesions are invasion of muscle or surrounding
tissue, punctate microcalcifications, no shadowing, and
higher intranodular blood flow. Metastatic lymph
nodes are typically greater than 1 cm, rounded with an
anterior-posterior/transverse ratio greater than 0.7, and
without an echogenic hilar line.

The sensitivity of ultrasound is approximately 3 mm,
well below the limits of palpation. Most of the sono-
graphic features use to discriminate between benign
and malignant lesions can be nonspecific or insensitive.
For instance, Propper et al. (38) found the ‘‘halo’’ sign
to be nonspecific and Takashima et al. (39) found that
microcalcifications, which typically represent psam-
moma bodies in papillary thyroid carcinoma, had a
93% specificity, 70% positive predictive value, but a
sensitivity of only 36%. Moreover, microcalcifications
had the highest accuracy (76%) of any single sono-
graphic sign (39). Roughly 15–25% of thyroid nodules
are cystic, comprising simple cysts, hemorrhagic col-
loid nodules, and parathyroid cysts. However, papillary
thyroid cancer with necrosis and hemorrhagic adeno-
mas can also be cystic (40).
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Figure 2 Thyroid ultrasonography. (A) Benign thyroid nodule representating a follicular adenoma which is isoechoic and solid,
with a thin, regular halo (arrows), and measuring 2.5 cm � 1.9 cm. Halo sign is the presence of decreased echo signal along the
periphery of the lesion corresponding to a capsule. (B) Papillary thyroid cancer with hypoechoic areas, an irregular border

(arrowheads), and fine calcifications (long thin arrow). UG-FNA needle tip is indicated by the short wide arrow. (C) Thyroid cyst
(large arrows) with UG-FNA needle (small arrows) inserted just prior to aspiration of fluid. Needle tip is more echogenic due to
bevel. (Courtesy of Dr. Elise Brett, Mount Sinai School of Medicine.) (D) Pathological lymph node (arrows) in a patient with
papillary thyroid cancer. Note that the ratio of anterior-posterior to transverse dimensions is 1.1 cm/1.4 cm= 0.8 (normal < 0.7),

the node is hypoechoic, and there is no echogenic hilar line. (Courtesy of Dr. Elise Brett, Mount Sinai School of Medicine, New
York, NY.)
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Additional reasons to perform a thyroid ultrasound
include follow-up of thyroid nodular size, evaluation
for thyroid cancer recurrence after hemithyroidectomy
or total thyroidectomy, evaluation of potential patho-
genic cervical lymph nodes, and confirmation of the
presence of a thyroglossal duct cyst or other rare mal-
formations mimicking thyroid pathology. Limitations
of thyroid sonography are observer dependency and
the inability to identify retrotracheal, retroclavicular, or
substernal extensions of the thyroid due to acoustic
shadowing from overlying air or bone (41).

Logistically, the patient is in the supine position with
the neck extended. Transducing gel is applied to a high-
frequency rectilinear transducer (typically 5–10 MHz)
and the examiner proceeds to identify the right and left
thyroid lobes, the isthmus, and adjacent structures, in
the transverse and then longitudinal views (Fig. 2).
Thyroidal volume for each lobe can be estimated by
multiplying the length�width� thickness� k/6, based
on a model of a rotation ellipsoid, and has an accuracy
of 15–20%, with normal being 5–30 mL (37). Some
ultrasound machines have the capability of color flow
Doppler readings. This can identify vascular structures
that might be mistaken for small nodules, as well as
identify the high intrathyroidal blood flow seen with
Graves’ disease or low intrathyroidal blood flow seen
with Hashimoto’s thyroiditis.

Incidental thyroid nodules may be detected during
routine US for parathyroid localization or during the
evaluation of a dominant thyroid nodule. If there are
sonographic features of malignancy as outlined above,
or if an incidental nodule is larger than 1–1.5 cm in size,
or if the patient has significant risk factors for thy-
roid cancer, UG-FNA of the incidental nodule is indi-
cated. Otherwise, an appropriate follow-up ultrasound
should be scheduled in 3–12 months depending on clini-
cal features.

Thyroid US is also valuable for follow-up of patients
with thyroid cancer. Patients with recurrent papillary
thyroid cancer may have cervical lymphadenopathy,
subcutaneous deposits of metastatic tissue, and/or
growth of residual tumor in the thyroid bed after the
primary surgical resection. These recurrent foci can be
missed with physical examination, CT, MR imaging, or
scintigraphy, but detected and biopsied with US. Ultra-
sound is particularly useful in cases of thyroglobulin-
positive, radioiodine scan–negative patients. Sixteen of
63 such patients had sonographically demonstrable
images suspicious for pathologic lymph nodes or local
recurrences in a study by Antonelli et al. (41). Ultra-
sound-guided FNA was diagnostic in 49 of 52 (94%),
postoperative thyroid cancer patients (42).

5 OTHER IMAGING TECHNIQUES

Even though CT or MR imaging for other problems
may reveal thyroid nodules, these studies are rarely
helpful in routine evaluation. This is because of the
superior resolution afforded by neck ultrasound. How-
ever, CT and/or MR may prove useful in the evalua-
tion of (1) substernal/mediastinal goiters, (2) thyroid
cancer, (3) equivocal lesions byultrasonography, (4) cer-
vical, mediastinal, and retropharyngeal lymphadenop-
athy, and (5) tumors greater than 3 cm. In patients with
thyroid cancer, CT and/or MR may also assist in the
pre-operative evaluation of anatomy, definition of rela-
tionships with adjacent structures, and specific demon-
stration of the degree of invasion of the aerodigestive
tract (43). Benign thyroid adenomas generally have a
low signal intensity with T1-weighted images on MR
and enhance postgadolinium (43). Using two-dimen-
sional proton MR spectroscopy, follicular adenomas
may be differentiated from carcinomas (44).

6 FINE NEEDLE ASPIRATION

At present, fine needle biopsy, developed and popular-
ized in Sweden, is the most effective procedure to dis-
criminate between benign and malignant lesions in the
thyroid gland. The accuracy of this method, however,
is highly dependent on the expertise of the cytologist.
It is recommended as part of the initial evaluation of
all thyroid nodules in order to obtain a cytological di-
agnosis and level of clinical suspicion for malignancy
(Fig. 3). Other uses of FNA include (1) establishing
a cytological diagnosis when a previous FNA was
nondiagnostic or inadequate, (2) establishing a cyto-
logical diagnosis in a patient already scheduled for
surgery, based on the presence of clinical risk factors,
to assist in planning the operative procedure, (3) to
aspirate, or reaspirate, fluid from a symptomatic cyst,
(4) to differentiate thyroid from nonthyroid (parathy-
roid or lymph node) nodules, (5) to obtain culturable
material from a pyogenic cyst, and (6) to establish
whether a new extrathyroidal mass in a thyroid cancer
patient represents a pathological lymph node or sub-
cutaneous metastatic deposit.

On occasion, rare tumors of the thyroid are discov-
ered, such as lymphoma. Ancillary techniques have
enabled more accurate diagnosis of thyroid lymphoma
in the setting of a thyroid nodule in a patient with
Hashimoto’s thyroiditis. These methods include light
chain restriction, flow cytometry, gene rearrangement,
and immunohistochemical staining. In a series of 119
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patients with primary thyroid lymphoma, in which all
were associated with Hashimoto’s thyroiditis, ultra-
sound demonstrated a characteristic asymmetric pseu-
docystic pattern in 43/46 (93%), and the FNAdiagnosis
was correct in 65/83 (78%), showing abundant mono-
morphic infiltration of lymphoid cells (45).

FNAhas evolved considerably over the past 10 years.
Freehand aspirations were adequate for larger, palpa-
ble, and completely solid nodules, but nonpalpable
lesions were poorly sampled. Larger-bore needle aspi-
rations (16–20 gauge) have the advantage of more
cellular samples in solid nodules, without any increased
diagnostic accuracy (46), and more effective draining of
cystic fluid from symptomatic lesions. In a study by
Carpi et al. (47) of microfollicular nodules that were
nondiagnostic or suspicious for cancer by FNA, larger-
needle aspiration biopsies found that the prevalence for
cancer was 22% (14/63) among microfollicular and 4%
(2/51) among combinedmicrofollicular-macrofollicular
nodules. Smaller bore needles (21–27 gauge), which are
typically used for FNA, have the advantage of being
associated with less pain and bleeding. Twenty-three to
twenty-five gauge, 1 1/2 inch needles furnish excellent
results for most nodules. Hard or fibrotic nodules may
require a larger needle.

Typically, the nodule is fixed by the fingers of the
nonaspirating hand, and the needle, attached to a
syringe (3–10 cc), is inserted perpendicularly to the
anterior surface of the neck. Once the nodule is pene-
trated, a deliberate, vertical motion of the needle, back
and forth over 1–2 mm, and then one or two 360 degree
rotations, will jar loose cellular material. This material
is then aspirated by applying negative pressure with the
syringe. Great care must be taken to release the pres-
sure once fluid, which is usually bloody, appears in the
hub, so the cellular specimen is not overdiluted. If no
fluid appears, the vertical and rotational motions can
be repeated, and then suction reapplied. Occasionally
suction is not needed since cells may flow into the
needle by capillary action. After withdrawing the nee-
dle, the needle is detached and then reattached with
air in the syringe. Air is then expelled, forcing the cel-
lular contents within the needle onto a slide, which is
then immediately smeared and fixed. The patient may
apply pressure to gauze over the puncture site while
the slides are being prepared. Additional aspirations
are generally advised, especially without US guidance,
to ensure cellular adequacy. The puncture site is
dressed with an adhesive bandage after the slides are
prepared. The patient should be observed for a few
minutes to make sure there is no swelling, bleeding, or
significant discomfort.

With the prevalence of FNA, and its incorpora-
tion into the initial evaluation of all thyroid nodules,
several enhancements have appeared. First, perform-
ing FNA with US guidance increases the cellularity
of the sampling and therefore the sensitivity and spec-
ificity of the procedure (Fig. 4). This is because the
needle can be positioned at the solid periphery of com-
plex cysts, or within a projection of solid tissue, where
dividing cells reside, and away from fibrotic or calcified
areas. Also, by directly visualizing the needle tip, the
clinician can avoid traversing the nodule and sampling
posterior extranodular tissue. Ultrasound guidance can
also help avoid associated morbidity by steering the
needle away from vascular structures or the trachea.
Also, cystic structures can be drained and solid compo-
nents sampled in less time, thus reducing discomfort to
the patient.

In a study of 48 patients with nonpalpable thyroid
nodules, there was a 100% accuracy for the diagnosis
of occult papillary thyroid cancer by UG-FNA (48).
Solymosi et al. (49) found that the implementation
of US guidance, compared with nonguided FNA,
improved the sensitivity (92% vs. 76%), specificity
(87% vs. 65%), and diagnostic accuracy (87% vs.
66%) in 3446 vs. 1448 aspirates. In addition, UG-
FNA reduced the rate of inadequate sampling from
16% to 7%. In a study by Yokozawa et al. (50) of 678
patients found to have benign nodules by standard
FNA methods, 571 (84.2%) were confirmed to have
benign cytology by UG-FNA, but 107 (15.8%) were
found to have malignant cytology by UG-FNA. Of
these 107 patients, surgery confirmed the presence of
papillary thyroid cancer in 93, follicular carcinoma
in 4, and medullary and anaplastic carcinoma in 1 each
(50). Ultrasound-guided FNA has the potential disad-
vantage of greater cost, though this can be outweighed
by the avoidance of repeated aspirations due to inade-
quate samples.

In addition, utilizing aspirator devices that allowone-
handed insertion of the needle, aspiration of contents,
and then purging the syringe enables more accurate
placement of the needle and use of the nonaspirating
hand to operate the US transducer. A foot-pedal to
freeze images can also be incorporated. This allows
single-person performance of the entire UG-FNA pro-
cedure, hence avoiding the need for an assistant. When
draining larger cysts, a 20 cc syringe is attached to a
special pistol grip (Cameco pistol) in order to create
adequate suction.

Typically, the patient is first advised of the risks and
benefits of the procedure. Specifically, the patient must
be informed that the procedure is not 100% accurate
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for diagnosis of the thyroid nodule. Written consent
is based on the discretion of the physician. No major
complications have been associated with FNA, and
risks generally consist of mild pain and bleeding.
Persistence of either is very unusual and reassurance
is frequently sufficient. Compression of the site if there
is bleeding, even if a vascular structure is punctured
or the patient is anticoagulated, is almost always
adequate. However, whenever possible, anticoagula-
tion should be held, and coagulapathies reversed, prior
to the procedure. If the patient is too agitated, cannot

be positioned properly with adequate neck extension,
cannot remain still or refrain from speaking, coughing
or swallowing, or if the anatomy is not clearly imaged
due to ultrasound limitations, adiposity, overlying
bony structures or shadows, tracheostomy, or a hyper-
dynamic vascular structure, then the procedure should
be deferred and surgery considered.

Additional precautions include preparing the over-
lying skin with alcohol, or an equivalent antibacte-
rial, using a topical anesthetic such as ethyl chloride,
using proper gloves that can maintain adequate tac-

Figure 4 Single-person technique for ultrasound-guided fine needle aspiration of a thyroid nodule. The needle is inserted medial
to the transducer and advanced within the plane of sound waves. (Insert) Sonogram of needle within a solid nodule (top arrows);
the needle bevel is brighter than the needle shaft and casts a linear shadow angled away from the bevel (bottom arrows). The

carotid artery (anechoic circular structure) is located to the left of the nodule in sonogram. Abbreviations: A, aspirator device
(dominant hand); T, ultrasound transducer (nondominant hand); J, jugular vein; C, carotid artery; NOD, thyroid nodule; TR,
trachea; THY, thyroid gland; FP, 4 fascial planes; SCM, sternocleidomastoid muscle; OH, omohyoid muscle; ST, sternothyroid

muscle; SH, sternohyoid muscle.
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tile sensation, and using a sterile conducting gel for
the ultrasound tranducer. Some practitioners utilize
skin-marking techniques to facilitate UG-FNA (51).
Aspirated material should be expelled onto slides,
smeared, and then, within a couple of seconds, sprayed
with preservative. If immunostaining is desired, the
smears are fixed with 95% ethanol or air-dried and
then fixed with acetone. Alternatively, the sample may
be expelled into a cytospin cell preparation in which
erythrocytes are lysed and ThinPrep processing used.
This latter method has the advantage of minimizing
drying or crush artifact, providing more cellular slides
for the cytologist, and improving nuclear and cytoplas-
mic staining with less background (52). Bidirectional
feedback between the person performing the UG-FNA
and the cytopathologist must occur in the interpreta-
tion of all samples. For example, some cytologists
require 5–10 groups of 10–15 well-preserved cells/group
for a smear to be considered adequate, whereas others
require less rigorous criteria.

In a review by Gharib and Goellner (16), cytolog-
ical results were diagnostic for benign (69%) or malig-
nant disease (4%), indeterminate or suspicious for
malignant disease (10%), or nondiagnostic due to
inadequate cellularity (17%). In other studies, non-
diagnostic aspirates occur in 7–25% of cases (53,54)
(less than 8% with highly skilled clinicians) and are
not included in determinations of specificity, sensitiv-
ity, or accuracy of the procedure. Inadequacy rates are
also lower in nodules >2 cm (3%) compared with
nodules <1 cm (13%), even with UG-FNA (55).
Patients with inadequate aspirates of cystic fluid gen-
erally do not need to be reaspirated. When a solid
nodule that has degenerated is aspirated in the center,
inadequate cellularity is found in 16% (56). This rate
decreases to 5.3, 4, and 2.6% with aspiration of two,
three, or four areas distinct from the nodule center,
respectively (56). Reaspiration of previously inad-
equate samples from solid nodules or complex cysts
proves successful in 50% of patients (57,58) and can
reduce the rate of false-negatives from 5.2% to
<1.3% (59) but was found to be of limited utility in
other studies (60,61). Alternatively, the clinician may
examine the smears microscopically (using DiffQuick
staining) at the time of the procedure for adequacy
and repeat the procedure immediately if inadequate.
Using this procedure with UG-FNA, the nondiagnos-
tic rate can be reduced to only 2% (62), and when
large needle aspirates are used with US and UG-FNA,
the nondiagnostic rate becomes 0% (63). Since 9% of
patients with persistently inadequate cytology speci-
mens contain a malignancy, such patients with high-

risk clinical and sonographic features should be re-
ferred to surgery (64).

Indeterminate findings account for 6–30%of nodules
(53,54) and generally apply to follicular neoplasms,
suggested by a microfollicular arrangement and scanty
or absent colloid. This group is rather heterogeneous,
consisting of true and false positives, with a cancer risk
ranging from 10 to 80% (53). A recent study by Raber
et al. (65) revealed an 18% malignancy rate among
patients with indeterminate findings. Poller et al. (66)
found that referring patients with indeterminate find-
ings to surgery reduced false-negative FNA results
thereby improving diagnostic efficacy. In a study of
368 patients by Kelman et al. (67) from Mount Sinai
Hospital, there was a 31% overall malignancy rate.
Lower malignancy rates occurred in nodules with
frankly benign FNA (6.1% false-negatives) or indeter-
minate FNA without atypia (6.5%) (67). Indeterminate
aspirates with atypia, with or without microfollicular
cytology, had a malignancy rate of 60% (67). Similarly,
Barbaro et al. (68) found that the presence of aniso-
karyosis, nuclear overlapping, and scant or absent
colloid identified patients with microfollicular findings
on cytology at higher risk for malignancy. Additionally,
clinical features such as male gender, patients older than
40–50 years, or a nodule>3–4 cm identify patients with
indeterminate findings at higher risk for malignancy
and therefore warranting surgical management (10,69–
73). When indeterminate findings are excluded from
studies, accuracy rates are more relevant but only reflect
65% of nodules aspirated (53). Causes for false-posi-
tives are Hashimoto’s thyroiditis, benign hot nodules,
and Graves’ disease.

Papillary carcinoma is diagnosed with much greater
accuracy than follicular carcinoma owing to more
specific cytological findings. When certain cytological
features are present on ThinPrep preparations (intra-
nuclear inclusions, papillary and/or sheet arrange-
ments, nuclear grooves, powdery chromatin, nuclear
molding, high cellularity, and small nucleoli), papillary
thyroid cancer is diagnosed by FNA with 100% spec-
ificity and 70% sensitivity (74). However, the interpre-
tation of nuclear grooves must be made cautiously.
Even though 100% of papillary carcinomas studied had
nuclear grooves, they were also seen in 70% of non-
papillary neoplasms and in 56% of nonneoplastic
thyroid conditions (75). On the other hand, in the
follicular variant of papillary thyroid cancer, malignant
cells are found less often with FNA compared with
papillary thyroid cancer (6.8% vs. 67.5%) and most
FNA specimens are interpreted as ‘‘suspicious’’ or as a
follicular neoplasm (76).
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Sensitivity of FNA ranges from 65 to 98%, specific-
ity from 52 to 100%, positive predictive value from
46 to 100% and negative predictive value from 83 to
99.5%. Overall accuracy ranges from 69 to 100%, with
recent studies demonstrating a dramatic improvement
in accuracy with UG-FNA compared to standard FNA
using manual palpation.

An alternative to FNA and larger-bore aspirates is
the core-needle or large-needle cutting biopsy that
produces a sample to be evaluated by conventional his-
tology. This offers the opportunity to study tissue ar-
chitecture as well as cellular structure. The method
employs a 14 gauge 2 3/8 inch or 3 1/8 inch Silverman
needle or a 14 gauge 3 inch Tru-Cut disposable needle.
Hematomas, tracheal puncture, and injury to the
recurrent laryngeal nerve are potential hazards of the
procedure but are quite rare if performed properly.
Tumor seeding along the needle tract was not found in
over 3000 biopsies by Miller (77). Sensitivity (84–
96%), specificity (80–95%), and accuracy (90–91%)
rates with an US-guided automated core biopsy pro-
cedure are comparable with rates associated with FNA
(78,79). Core biopsies, especially when used in con-
junction with FNA, are espoused by Quinn et al. (80),
but the consensus opinion, based on clinical safety
and performance, does not support their routine use
(78,79,81,82).

Lastly, several molecular markers of malignancy
used in cytological aspirates have been evaluated. Some
are promising, such as galactin-3 (85), CD44v6 (85),
thyroid peroxidase (TPO) (83), and human telomerase
reverse transcriptase (hTERT) (84), though they have
not yet been incorporated into the standard of care. In a
prospective study by Bartolazzi et al. (85), coexpression
of galactin-3 and CD44v6 among 1009 thyroid lesions
by histology and 236 cytological samples yielded 98%
specificity, 88% sensitivity, and 97% diagnostic accu-
racy for malignancy; the specificity and sensitivity of
galactin-3 alone was 98% and 99%, respectively. In
addition, galactin-3 immunostaining was significantly
higher in Hürthle cell carcinomas (59%) compared with
Hürthle cell adenomas (7.1%; p < 0.05) (86). When
anti-TPO immunostaining is employed with FNA, the
sensitivity, specificity, and accuracy for differentiating
benign from malignant lesions is 100, 87, and 89%,
respectively (87). The insular variant of follicular carci-
noma demonstrates increased immunostaining with
the neuroendocrine markers neuron-specific enolase
and synaptophysin, despite the absence of endocrine
granules histologically (88). Of note, chromogranin A
immunostaining was not identified in nonmedullary
thyroid tumors in this series (88). Elevated concentra-

tions of immunoreactive thyroglobulin in nonthyroidal
neck aspirates, such as suspicious lymph nodes, strongly
suggest the presence of metastatic differentiated thyroid
cancer (89).

7 LEVOTHYROXINE SUPPRESSION

THERAPY

Many patients undergoing an evaluation for thyroid
nodules have a nonmalignant FNA result or do not
otherwise require surgical intervention. These patients
need follow-up surveillance, and many physicians con-
sider the use of suppressive therapy with levothyroxine.
Successful suppression is defined as reduction in nod-
ular size or volume by 50%, generally determined by
ultrasonograpy. The rationale is predicated upon TSH
serving as a growth stimulator of thyroid tissue. Poorly
controlled studies have described reductions in thyroi-
dal size from 0 to 68%, but recent controlled data have
found no significant effect (90,91). In fact, spontaneous
reductions in thyroid nodular size in placebo groups
may be due to repeated diagnostic aspirations (92) and/
or nodular degeneration, and only 10–20% of nodules
in the treatment group respond (91). Conflicting reports
demonstrate a beneficial effect of levothyroxine sup-
pression therapy on the appearance of new nodules
(93,94). However, in a patient exposed to head and
neck irradiation, levothyroxine therapy may be indi-
cated following partial thyroidectomy (91). The poten-
tial adverse effects of levothyroxine therapy are heart
disease (95) and osteoporosis (96). Overall, levothyrox-
ine suppression therapy should not be recommended
as a routine measure to differentiate between benign
and malignant thyroid nodules. It may be reserved for
a small subset of patients with thyroid nodules who
refuse surgery, have benign cytology, and complain
of mild pressure symptoms. In these cases, the benefit
may be related to perinodular, rather than nodular,
shrinkage of tissue (97). The minimal dose of levothy-
roxine capable of suppressing TSH to the low-normal to
frankly low range, while producing clinical benefit,
should be used.

8 INTRAOPERATIVE PATHOLOGICAL

METHODS TO EVALUATE THYROID

NODULES

Some authors advocate lobectomy or total thyroidec-
tomy in patients, based on FNA cytology results, with-
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out obtaining intraoperative frozen sections. Others
disagree.

Although frozen sections are valuable in the diag-
nosis of frank thyroid malignancy, they are unlikely
to detect capsular or vascular invasion in follicular
carcinoma and are said to offer little advantage to a
diagnostic aspirate in papillary carcinoma. In 1993,
McHenry et al. (98) determined that frozen sections
were unnecessary when a preoperative FNA was diag-
nostic for benign or malignant disease. In 1996, Mc-
Henry et al. (99) found the sensitivity, specificity, and
accuracy of frozen sections to be 93, 100, and 97%,
respectively, which was comparable to that of FNA.
They further determined that the routine use of frozen
sections was not cost-effective and should only be
performed when FNA results are repeatedly nondiag-
nostic, to confirm the presence of lymph node involve-
ment, or to evaluate thyroid nodules discovered
incidentally at the time of surgery. Additional studies
by Chang et al. (100), Hamming et al. (101), Lin et al.
(102), Brooks et al. (103), andMandell et al. (104) found
that frozen section information affects the surgical
procedure in less than 5% of cases and is generally
unnecessary. Frozen sections, like FNA, are particu-
larly insensitive for the diagnosis of the follicular variant
of papillary carcinoma (105).

Although some authors depend entirely on FNA to
determine surgical procedures, most institutions con-
tinue to rely on frozen sections. Additionally, frozen
section can indicate the extent of tissue infiltration,
which may influence the choice of surgical procedure.
These methods often complement each other, though
both fall short in distinguishing follicular adenoma
from carcinoma. This differentiation must frequently
await permanent sections.

Touch preparations represent a rapid, cost-effective
alternative or complement to intraoperative frozen
sections. They can recognize the follicular component
of a papillary carcinoma but cannot differentiate a
follicular adenoma from a follicular carcinoma. Alter-
natively, in two series of patients with thyroid nodules,
chiefly composed of papillary thyroid carcinoma,
Ultrafast Papanicolaou–stained scrape preparations
(UFP) agreed with the final diagnosis in 89–98% of
cases (106,107). This was compared with a 71% agree-
ment between frozen sections and the final diagnosis
(106). One explanation is that UFP are able to detect
Orphan Annie–eyed clear nuclei, a more specific fea-
ture of papillary thyroid cancer than nuclear grooves
or intranuclear cytoplasmic inclusions, better than
conventionally processed touch preps or frozen sec-
tions (108).

9 CONCLUSIONS

The evaluation of thyroid nodules has been controver-
sial, but with the accrual of clinical data and the
popularization of UG-FNA, the following clinical algo-
rithm emerges:

Once a thyroid nodule is detected by physical exam-
ination, or incidentally by an imaging technique,
a TSH level is obtained and UG-FNA performed.

If the TSH is depressed, radioiodine scanning and
uptake is undertaken to determine whether there
are one or more nodules with autonomous func-
tion or one or more nonfunctioning nodules with
internodular thyroiditis, such as Graves’ disease
(increased uptake) or Hashimoto’s thyroiditis or
viral thyroiditis (decreased uptake). Since recent
data question the validity that AFTN are far less
likely to be malignant compared with nonfunc-
tioning nodules, UG-FNA may be considered in
patients presenting with a thyroid nodule and a
depressed TSH level, especially if other risk fac-
tors for malignancy are present.

If the TSH is normal or elevated, radioiodine
scanning is not necessary. Thyroid hormone re-
placement therapy is started if the patient is hypo-
thyroid.

Observation is indicated for asymptomatic, non-
functioning thyroid nodules with benign cytology
or if the cytology is indeterminate/nondiagnos-
tic and the patient is at low risk for thyroid
cancer. Repeat UG-FNA may be performed 3
months following initial evaluation, and then at
regular intervals thereafter, to monitor for nod-
ular growth and/or cytological changes.

Radioiodine therapy is reserved for AFTNs in
adults who have benign cytology or a low risk
for thyroid cancer. Children with AFTNs, and
adults with AFTNs and suspicious cytology,
should have surgery.

Surgery is also appropriate for patients when the
thyroid nodule is: (1) symptomatic (dyspnea, dys-
phagia, or venous compression), enlarging, or at
risk of becoming symptomatic, (2) autonomous,
and radioactive iodine therapy is refused, (3) cos-
metically a problem, (4) suspicious or diagnos-
tic for a malignancy, or (5) none or the above,
but the patient cannot tolerate the uncertainty
of whether the nodule could represent a malig-
nancy, despite extensive discussions with the
physician. In this situation, offering a minimally
invasive hemithyroidectomy/isthmusectomy un-
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der local anesthesia via a very small incision, or
via an endoscopic approach for cosmetic pur-
poses, may convince the indecisive patient to have
the procedure.

Percuaneous alcohol injection is seldom used in
the United States. It may be considered for
patients with a relatively large AFTN (>40 mL)
and thyrotoxicosis who refuse surgery or radio-
iodine therapy.

Thyroid hormone suppression therapy may be
considered for those patients with a nonfunction-
ing thyroid nodule who refuse surgery but
complain of mechanical symptoms that might be
relieved by shrinkage of internodular tissue.
Patients with large thyroid nodules should not
be treated in this fashion since thyroid hormone
suppression therapy is unlikely produce enough
reduction to be effective.
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1 INTRODUCTION

The management of mediastinal goiters is engrossing
because of the complexity of surgical procedures and
associated risks. Most frequently, surgery is advised to
avoid problems related to airway, venous obstruction,
and to rule out malignancy (1–7).

The etiology of thyroid adenomas remains unclear.
In normal glands some areas of the follicles are more
active than others in concentrating iodine and, pre-
sumably, in secreting thyroid hormones. This may be
secondary to differences in cell response to thyroid-
stimulating hormone (TSH). Variations occur in the
frequency of mitoses within the same follicle. This
follicular heterogeneity implies that clones of cells may
divide at a higher rate than the remaining follicular cells
and may give rise to adenomatous areas of growth (8).

The most common cause of goiter is iodine defi-
ciency, usually seen in third world countries; it is one
of the most common problems in mountainous regions
such as the Alps and the Himalayas (8,9). Iodine defi-
ciency, resulting in increased TSH output in an attempt
to maintain the euthyroid state, is often associated with
large multinodular goiters rather than a homogeneous
expansion of all thyroid follicular cells. The incidence
of goiter (colloid or endemic) is rare in the United States
because of the compulsory use of iodized salt.

Thyroid tumors, of course, develop in the neck but
can extend downward into the mediastinal region as
they grow. Most enlarge over a long period of time and

some occasionally remain asymptomatic. When symp-
toms are present, the most common are difficulty in
breathing and an accompanying neck mass. The tumor
may be almost entirely substernal at times, with no
significant mass appearing in the neck. As a result of
the bony confines of the thoracic inlet, mediastinal
goiters lead to compression symptoms—mainly related
to the trachea and esophagus but also at times produc-
ing venous obstruction (10,11).

Klein, a German surgeon, first reported in 1820
removal of a substernal goiter. The mortality from thy-
roid surgery before the Kocher era was almost 40%.
Credit goes to Kocher, Halsted, and Lahey for perfect-
ing the technique of thyroid surgery. As late as 1866,
Samuel Gross from the University of Pennsylvania
remarked that thyroid surgery was ‘‘butchery’’ and that
‘‘no honest and sensible surgeon would ever engage in
thyroid surgery.’’ Clearly, this was an era before anti-
sepsis, hemostats, and the use of iodine to control
hyperthyroidism! Kocher, with his vast experience in
thyroid surgery, studied the physiology, improved the
techniques of thyroid surgery, and was the first surgeon
to receive the Nobel Prize for his contributions in thy-
roid diseases (12).

2 DEFINITION

There are several theories regarding substernal goiter,
but the most popular is that the goiter represents an
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inferior growth from the cervical thyroid gland that is
supplied by the vessels in the neck. The upright posture
of human beings combined with normal swallowing and
breathing mechanisms induce negative intrathoracic
pressure. The weight of the enlarging mass allows the
gland to grow and descend through the thoracic inlet
into the substernal position. Inferiorly there is no ana-
tomical structure that can restrict the growth of the
thyroid gland. This leads to the path of least resist-
ance—towards the thoracic inlet.

3 CLINICAL PRESENTATION AND

SYMPTOMS

3.1 Respiratory

Most intrathoracic goiters present in the elderly and
appear frequently in the sixth decade. Thirty to forty
percent are asymptomatic, and in about 20%of patients
there is no palpable neck mass. The diagnosis is some-
times made by a routine chest x-ray disclosing a medias-
tinal mass. Reeve et al. (13) reviewed 967,759 screening
radiographs in Sydney, Australia, and reported the
incidence of substernal goiter to be 1 in 5040. Seventy
to eighty percent of all patients, however, can be dem-
onstrated to be symptomatic at the time of initial
evaluation, most usually due to displacement and nar-
rowing of the trachea (Fig. 1).

Even though they may not be aware of a problem,
dyspnea can often be provoked in approximately 85%
of cases by raising both arms above the shoulders
(Pemberton’s sign). Hoarseness is a rare symptom.
The recurrent nerve may be paralyzed due to the long-
standing compression or stretching of a benign goiter,
but the presence of hoarseness and a paretic recurrent
nerve raises a suspicion of thyroid malignancy. Patients
may be totally asymptomatic, but because of the bony
confines of the thoracic inlet, the thyroid can act like an
expanding mass within a rigid cage, leading to com-
pression of vital structures. The most common symp-
tom is related to compression of the upper airway.
Ninety percent of symptomatic patients have mainly
respiratory symptoms, including cough, hoarseness of
voice, and shortness of breath. Symptoms range from
mild to life threatening. Occasional dyspnea, cough,
cyanosis, choking accompanied by suffocation, and
respiratory collapse requiring emergency treatment
may be seen. Shaha et al. (30) reported 24 patients with
life-threatening respiratory symptoms, 9 of whom re-
quired intubation. Patients with acute airway obstruc-
tion require intervention on an urgent basis and

should remain on a ventilator until surgery because
acute asphyxia may result if it is discontinued (14–16).

3.2 Esophageal

Approximately one third of patients will experience
difficulty in swallowing as a result of pressure on the
esophagus as it is displaced posteriorly and laterally by
the goiter. This can be confirmed by esophagram. It is
not usually a major problem.

3.3 Vascular Obstruction

Obstruction of venous return occurs in less 10% of
cases. It may be minimal but can be demonstrated by
elevating the patient’s arms (Pemberton’s sign) and
observing the distention of neck veins. The symptoms
and signs may become more severe as the intrathoracic
mass becomes larger, progressing to a full-blown supe-
rior vena cava syndrome with dilatation of the veins of

Figure 1 Schematic picture of mediastinal goiter with tra-
cheal deviation. The bony confines of the thoracic inlet cause
compression.
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the neck, face, and descending collateral venous circu-
lation, as well as cyanosis. The appearance of symptoms
of venous obstruction is an urgent indication for sur-
gery. The obstruction may be due to the encroaching
bulk of a benign nodular goiter or the result of malig-
nant infiltration.

Compression of the mediastinal great vessels can
produce obstructive symptoms. Other rare symptoms
may be related to superior vena cava syndrome, down-
ward esophageal varices, Horner’s syndrome, pleural
effusion, and transient ischemic attacks secondary to
the goiter stealing the blood from cerebral circulation
(17–23).

3.4 Hyperthyroidism

Multinodular goiters, whether they are in the neck or
in the mediastinum, can develop autonomous hyper-
functioning nodules, particularly if the goiter is long
standing. Hyperthyroidism, as well as the presence of
mediastinal goiter, is more common in elderly patients.
Cougard reported an incidence of hyperthyroidism in
35% of 218 intrathoracic goiters in patients over 70
years if age. The cardiac effects of hyperthyroidism can
be serious and often appear insidiously; arrhythmias,
congestive failure, and ischemic heart disease carry a
more serious implication in the elderly and may be
life threatening.

Radioactive iodine (RAI) has been used to control
the hyperthyroidism of largemultinodular goiters, but it
often requires repeated doses and a long time period to
be effective. Radiation thyroiditis following RAI is also
a risk in patients with compromised airway and may
precipitate acute airway obstruction.

3.5 Malignancy

The incidence of overt cancer as well as incidental
papillary carcinoma in mediastinal goiters ranges from
3 to 15% (14,15). If there is invasion of adjacent struc-
tures, a formidable surgical problem may result should
laryngeal nerves or great vessels be involved. Lympho-
mas and thymomas are the most common malignant
tumors following intrinsic thyroid carcinoma.

4 DIAGNOSTIC PROCEDURES

Many unsuspected intrathoracic goiters are revealed by
routineAP and lateral chest x-rays. This can indicate the
extent of substernal mass and its location in the medias-
tinum. It may also disclose tracheal displacement and or

compression, calcifications, soft tissue masses, or dis-
placement of the pleural reflection.

As noted previously, there may be no thyroid en-
largement in the neck. But if a thyroid mass is present
and the inferior margin cannot be defined, substernal
extension is likely. Direct or fiberoptic laryngoscopy
should be performed andmay define laryngeal compres-
sion, distortion, or vocal cord paresis. However, airway
compromise may be located well below the level of the
larynx, requiring evaluation by imaging procedures.

Computerized tomography offers additional impor-
tant information that is of great value in the manage-
ment of the substernal goiter (24,25). It outlines the
continuity of the intrathoracic mass with the cervical
thyroid. The addition of contrast material increases its
value. The extent, location, and borders of the intra-
thoracic goiter can be precisely defined. The integrity of
the airway, as well as the presence and sites of distortion
or compression, can be accurately evaluated. Calcifica-
tions and the homogeneity of the tumor can be easily
assessed. By establishing the relationship of the goiter to
the airway, esophagus, and great vessels, important
information becomes available to the surgeon in deter-
mining the operative approach.

Magnetic resonance offers high-resolution imaging
without the need for contrast agents. It offers a choice of
tomographic cuts, and because of its greater accuracy in
delineating soft tissue, it may more accurately delineate
the goiter and adjacent structures such as trachea and
vascular involvement.

Ultrasound, although of great help in the evaluation
of cervical goiters, is not useful in substernal goiters
because the bony thorax limits visibility. Barium swal-
low may evaluate and locate the position of the esoph-
agus and determine if there is any major compression.
Thyroid scanning is rarely helpful and may often be
misleading due to the nonfunctional portion of the
substernal goiter. Thyroid function tests are generally
within normal limits, although hyperthyroidism may
accompany toxic nodules.

Since most of the patients with substernal goiter are
elderly, it is important not to assume that dyspnea is due
solely to the goiter. Cardiac or pulmonary disease may
account for part or even all of the symptoms. Pulmonary
flow-loop studies can document the extent of pulmonary
and extrapulmonary components of the dyspnea.

5 PATHOLOGY

The majority of substernal goiters are benign multinod-
ular goiters or follicular adenomas. Perhaps 10–15%are
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malignant; papillary or follicular cancers and lympho-
mas predominate. Incidental papillary carcinomas are
not unusual. Hyperplastic toxic nodules, lymphomas,
and thyroiditis are also well recognized. Fifty percent of
Hodgkin’s and 20% of non-Hodgkin’s lymphoma pre-
sent as mediastinal masses. Due to the right-sided pre-
dominance of paratracheal nodes, superior vena cava
(SVC) syndrome is present in 20% of patients, partic-
ularly in those with non-Hodgkin’s lymphoma. Occa-
sionally, anaplastic thyroid cancer may present as a
substernal goiter; this condition produces rapid pro-
gression of disease and severe symptoms.

6 SURGICAL APPROACH

Most patients are symptomatic; the growth of the tumor
is unpredictable. There is no satisfactory medical treat-
ment for mediastinal goiter. The minimal regression
seen with thyroid suppression offers no significant ben-
efit, particularly if the mass is large. The majority of
patients with substernal goiters should be considered for
surgical intervention.

The overwhelming number of substernal goiters,
even though may extend deep into the thorax, can be
removed through a neck incision because of their cer-
vical blood supply. Only 1–3% require exploration
through the chest wall. Most substernal goiters are
localized to the right or left lobes; only 7–10% are found
to be bilaterally. The majority of intrathoracic goiters
are in the anterior mediastinum. Perhaps 6–10% are
found in the posterior mediastinum. A common loca-
tion of goiters in the right mediastinum is between the
superior vena cava and the vertebral bodies. Those on
the left are more frequently anteriorly in the mediasti-
num, since the aorta acts as a posterior barrier.

Kocher was the first surgeon to develop a technique
of surgery for substernal goiter and invented tools to
facilitate its removal. He also described the technique of
morcellation (piecemeal removal of the substernal goi-
ter) in difficult cases. Lahey reported that nearly all the
cases of substernal goiters could be easily removed
through the neck (26–29). He stated: ‘‘It is a surprising
fact that if the dissection is gentle and within the line of
clearage, enormous masses may be removed into the
neck with virtually no bleeding.’’ Lahey also popular-
ized the technique of morcellation for removal of large
substernal goiters, as well as the use of modified sternal
splitting or widening using wedges in difficult cases.
Although there is still some debate regarding partial
or complete sternal split, a lateral thoracotomy may
occasionally be necessary. There is a high likelihood of

patients developing acute airway distress and compro-
mise, and as patients get older the surgery may be more
difficult. Shaha et al. (30) reported a 22% incidence of
acute airway symptoms, with 8% of the patients requir-
ing emergent intubation.

7 SURGICAL TECHNIQUE

There are four main issues in the surgery for substernal
goiter.

1. Retrieving the substernal portion of the thyroid
in the neck

2. Avoiding major bleeding from inferior thyroid
veins

3. Preserving the parathyroid glands
4. Careful identification and preservation of the

recurrent laryngeal nerve

A variety of methods and technical details are de-
scribed in the literature (31–33). The standard technique
is as follows: a generous skin incision should be used.
This is carried through the platysma and flaps are
raised in the plane beneath this muscle. The dissection
is continued in the midline. Generally the strap muscles
are divided. At the minimum, the strap muscles should
be transected on the side of a large substernal goiter.
The middle thyroid vein is divided, ligated, and the
superior thyroid vessels are divided and ligated close to
the thyroid parenchyma. The identification of the
recurrent laryngeal nerve may be quite difficult due to
the large size of the substernal goiter and the displace-
ment of the nerve. As the strap muscles are divided,
they should be retracted away from the thyroid. A
careful attempt is made to stay on the thyroid capsule
and to be aware of the possibility that the recurrent
nerve may be stretched over the thyroid mass in an
unusual manner. Multiple inferior thyroid veins should
be clamped and ligated carefully. Hemoclips may be
helpful in this region. Special attention should be given
to the identification and preservation of the superior
parathyroid glands since the lower glands are more
vulnerable to injury or devascularization as the goiter is
delivered and removed from its substernal location.
Gentle blunt dissection is helpful in the substernal area
under the strap muscles; it is best approached starting
laterally from the under aspect of the sternomastoid
muscle and extending medially (Fig. 2). Occasionally
the medial head of the sternomastoid may require
transection for better exposure. Injury to the inferior
thyroid veins can produce serious bleeding; retraction of
these veins into the mediastinum or the tearing of veins
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below the level of the sternum can become a critical
problem, sometimes requiring a sternotomy for control
of the bleeding.

As the finger dissection is continued from the lateral
surface and after ligation of multiple small inferior
veins, the thyroid is generally delivered into the neck.
At the beginning of the operation it is important to
determine whether the goiter is in the posterior medias-
tinum with displacement and stretching of the recur-
rent laryngeal nerve anteriorly over the mass. If the
thyroid mass is shelled out in this situation, the risk is
that the overlying nerve will be avulsed with the speci-
men. It is advisable, whether the goiter is in the anterior
or posterior mediastinum, to trace the course of the
nerve, if possible, before removal of the substernal mass,

protecting it from injury. If there is difficulty in finding
the recurrent nerve inferiorly, a good alternative is to
identify the nerve as it enters the trachea under the
cricothyroid muscle at the junction of its middle and
anterior third and then follow it downward. At times,
however, identification and tracing of the recurrent
laryngeal nerve may be difficult or impossible without
delivering the substernal thyroid mass from the media-
stinum and then dissecting laterally to find the nerve and
the parathyroids. The dissecting hand is turned so that
the palmar surface faces the sternum and blunt dissec-
tion is used to gently deliver the thyroid mass.

A variety of techniques have been described to find
the recurrent laryngeal nerve and to carefully preserve
it. The nerve may be considerably displaced in subster-
nal goiter. It may be intimately adherent to the poste-
rior capsule of the thyroid, displaced medially (along
with displacement of the trachea and esophagus), or in
very rare instances it may be displaced anteriorly—
especially if the substernal goiter or a portion of it
originates and extends into the posterior mediastinum.
After taking down the superior thyroid pole and middle
thyroid vein, the dissection proceeds on the posterior-
medial surface of the goiter with careful identification
of the inferior thyroid artery and recurrent laryngeal
nerve. Sometimes, because of the large size of the
thyroid, this may be impossible. Under these circum-
stances, it is more appropriate and easier to retrieve the
thyroid from the substernal area and look for the
recurrent laryngeal nerve in the tracheo-esophageal
groove. It is extremely important to remain as close
to the thyroid capsule as possible to avoid injury to the
nerve, which may be intimately adherent to the poste-
rior capsule of the thyroid. Once the thyroid is retrieved
from the substernal portion, the recurrent laryngeal
nerve can be easily identified majority of the time in the
tracheo-esophageal groove, anterior to the inferior
thyroid artery.

The nerve may be located behind the inferior thyroid
artery. Charles Proye from Lille, France, has described
a ‘‘toboggan technique,’’ which is essentially finding
the recurrent laryngeal nerve at the cricothyroid area
and resecting on its surface, pushing the thyroid ante-
riorly. Once the nerve is found in the cricothyroid area,
the remaining surgery becomes quite simple. The dis-
section is performed on the surface of the nerve, push-
ing the thyroid anteriorly and medially. In the author’s
judgment, this technique may be difficult, especially if
there is a bulky thyroid substance in the cricothyroid
area. However, one may sometimes use this technique
profitably even when the goiter is quite large. After
taking down the superior thyroid pole, the cricothyroid

Figure 2 The technique of surgery for mediastinal goiter.

Careful ligation of the inferior thyroid veins is necessary to
avoid unexpected bleeding. Injury to the recurrent laryngeal
nerve may be avoided by being aware of its location. The
substernal goiter is retrieved by finger dissection.
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area can be easily exposed, leading to identification of
the recurrent laryngeal nerve. On occasion, a small
process of the thyroid substance (the tuberculum Zuck-
erkandl) is noted in the middle portion of the thyroid
lobe, which is an out-pouching of the thyroid substance
near the posterio-lateral area of the thyroid gland.
This is seen in approximately 50–60% of the patients,
and in our opinion careful dissection around the
tuberculum Zuckerkandl will help identify the recur-
rent laryngeal nerve. One must keep in mind that
occasionally the nerve may be anterior to the tuber-
culum Zuckerkandl and every attempt must be made to
identify the nerve and preserve it carefully. At the upper
pole the nerve makes an entry into the cricothyroid area
just below the cricothyroideus. Berry’s ligament, a
thickening of the pretracheal fascia, frequently has to
be dissected away from the nerve, but there may be
small veins and arteries entering or adjacent to the
ligament. Special care is needed in this region to avoid
bleeding, which may be difficult to control, and occa-
sionally leads to recurrent laryngeal nerve injury in an
effort to control hemorrhage.

A subcapsular dissection may be done. The surgical
procedure is usually a total thyroid lobectomy with
excision of the substernal goiter. As previously noted,
this is possible since most intrathoracic goiters originate
from one thyroid lobe or the other, although at times a
total thyroidectomymayberequired if there is significant
enlargement of the opposite lobe. In this circumstance, a
near-total thyroidectomy on the lesser side may occa-
sionally be advisable to avoid injury to the parathyroid
glands if there is doubt about their integrity on the
primary side. If a parathyroid gland is injured, it should
be transplanted into the sternomastoid muscle. Al-
though there is controversy about the use of drains in
a routine thyroidectomy, the author prefers to use a
suction drain such as a Hemovac or a Jackson-Pratt
because of the extensive dead space following substernal
thyroid surgery (3).

8 THORACIC APPROACH

Most substernal goiters can be easily retrieved using the
above technique. However, a sternal split may some-
times be necessary, as well as other techniques such as
the Drawer maneuver, where the substernal thyroid is
held by two hands from the neck and pulled like a
drawer. At times the mediastinal goiter is so large that it
cannot be delivered through a cervical incision. Lahey
popularized the morcellation and fragmentation of the
mass as well as suctioning colloid from within the mass

to facilitate its removal through the neck.Many authors
advise against this method because of the risk of serious
bleeding and the possibility of spilling and disseminat-
ing malignant disease. Nevertheless, it is still occasion-
ally used with success.

9 STERNOTOMY

A sternal split is necessary in less than 2–8% of the
patients. A partial or total sternal split may be consid-
ered. Sternotomy enlarges the thoracic inlet and pro-
vides access to the great vessels, offering a much safer
dissection, and eases removal of the goiter. It may help
in identifying the recurrent nerve. The vessels to the
thyroid are divided and ligated prior to the sternal in-
cision to reduce its blood supply, facilitating removal of
the substernal mass. This is usually done prior to the
sternal split. In the case of venous obstruction, how-
ever, the sternotomy is best performed initially to de-
compress the distended veins and make the dissection
easier and safer.

Surgeons have drawn away from the thoracic ap-
proach in recent years. The anterior sternal-splitting
incision has become the preferred choice because of the
advantages it offers: it is easily combined with a neck
incision and does not require re-positioning of the
patient; In patients with an aberrant mediastinal thy-
roid, which is separate form the thyroid and derives its
blood supply from intrathoracic mediastinal vessels, the
sternal approach makes it possible to avoid avulsion of
thoracic vessels and the severe hemorrhage that would
result; there is excellent access to the large vessels of the
chest, and it is usually possible to dissect the goiter free
from its attachments under direct vision. Lateral thora-
cotomy incisions are reported to have a higher incidence
of recurrent nerve injuries because of the difficulty in
visualizing them through this approach.

10 ANESTHESIA

Preoperative evaluation of the laryngeo-tracheal tree
will help locate the position and opening of the laryngeal
aditus (2). Even though there may be considerable
deviation of the trachea, the larynx will generally be in
a normal position. Intubating these patients is usually
not a difficult problem. Although there appears to be
considerable enthusiasm for intubating these patients
while awake, it may be more dangerous. Most of the
time the airway is quite open and intubationwith a small
endotracheal tube is not difficult. Some anesthesiolo-
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gists consider fiberoptic intubation, sometimes over a
flexible bronchoscope, but any intubation in substernal
goiter must be totally nontraumatic. The surgeon can-
not undo the trauma caused by endotracheal injury. The
internal trauma should be minimized in patients with
substernal goiter. The cuff of the endotracheal tube
should also bewell below the vocal cords and the patient
extubated smoothly to avoid any intrathoracic rise of
pressure, causing postoperative bleeding.

11 COMPLICATIONS

The main complications are related to recurrent laryn-
geal nerve injury, generally occurring in less than 2 to
3% of cases. Important consideration should be given
intraoperatively to localization of the parathyroid
glands and careful preservation. As mentioned above,
parathyroid autotransplantationmay be necessary if the
parathyroids are rendered avascular. Postoperative
hematoma is a well-known complication and occurs in
approximately 3% of the patients. Other complications
such as pneumothorax and pneumonia are quite rare.
Tracheomalacia may be the result of longstanding tra-
cheal compression by the goiter; however, it appears to
be an overstated condition. True tracheomalacia with
disintegration of the tracheal rings is quite rare (34,35).
Amajority of the time, even with considerable deviation
and compression of the trachea, the cartilage and rings
of the trachea generally are intact, and in most cases the
trachea returns to an almost normal position within 24–
48 hours of surgery. If the trachea appears to be weak, a
trachelopexy may occasionally be performed by sutur-
ing the tracheal wall to the surrounding musculature or
sternal periosteum. Techniques such as support with
silastic rings or a Gortex graft are well described in the
literature. However, the clinical experience is limited to
only a few patients.Most of the time the patients may be
left intubated for 24–48 hours and extubated under close
observation without any major problems related to
tracheomalacia. Cattel and Hare (35) noted that com-
pression of tracheal rings was rapidly reversed after
removal of substernal goiters, but deviation of the
trachea took months to return. Airway obstruction is
more likely from kinking of an elongated trachea or
injury on intubation. In rare instances a patient may
require temporary tracheostomy.

The results of the surgery for substernal goiters are
excellent, with a rare operative mortality. However,
the risks to the recurrent laryngeal nerve and perma-
nent hypoparathyroidism are slightly higher than in
routine thyroidectomy. The extent of thyroidectomy is

generally dictated by the size of the thyroid gland and
the histopathology. Total thyroidectomy may be
required because of the multiglandular nature of the
disease and the absence of essentially normal thyroid
tissue. A contralateral subtotal thyroidectomy may be
considered to avoid injury to the parathyroids or
recurrent laryngeal nerve. The sternoclavicular disar-
ticulation, though described in the literature, is tech-
nically quite a difficult procedure and is not generally
helpful in surgery for substernal goiter. A median
sternotomy is preferred.

12 SUMMARY

Even though thyroid disease is very common, the inci-
dence of substernal goiter is not high in the United
States. However, it is a frequent condition noted in
areas of endemic goiter. The main indication for
surgery is tracheoesophageal compression and fear of
malignancy. The preoperative work-up includes care-
ful laryngoscopic evaluation, chest x-ray, and a com-
puted tomography scan. The latter will give a better
definition of the extent of the substernal goiter along
with the location of the trachea. Substernal goiter is
defined as the thyroid gland being more than 50% in
the mediastinal location. The most common presenting
and compelling symptom for treatment is airway com-
pression. Since there is no effective medical treatment,
surgical intervention is commonly indicated, with a
majority of substernal goiters retrieved through the
neck. In less than 1% of the patients, surgical inter-
vention may include sternal split. The operative mor-
tality is negligible and the incidence of life-threatening
complications is very rare. The risk of injury to the
recurrent laryngeal nerve or permanent hypoparathy-
roidism needs to be kept in mind and appropriate
techniques used to minimize these distressing compli-
cations. Overall, surgery should be undertaken with a
diagnosis of substernal goiter to avoid future problems
related to the airway.
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Medullary Thyroid Carcinoma
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1 BACKGROUND

In 1959 Hazard and colleagues defined medullary
thyroid carcinoma (MTC) as a separate disease with
specific clinical and pathological features. They found
that the tumor was characterized by solid nonfollicular
growth pattern, presence of amyloid in the stroma,
and high incidence of lymph node metastases [1].
Within the next 10 years MTC was recognized to
originate from the parafollicular C cells, secrete calci-
tonin, and occur in both sporadic and hereditary
forms (2–6).The disease has a wide clinical spectrum
ranging from aggressive tumors to rather indolent
disease. In contrast to other thyroid diseases, MTC
occurs almost equally in both sexes (7). In a study
from the National Cancer Registry in Sweden, the age-
standardized annual incidence of all MTC, sporadic
and hereditary, was 2.1 per million inhabitants during
1970�1980. During this period MTC constituted 5.2%
of all reported thyroid carcinomas in Sweden. Spora-
dic MTC was rather evenly distributed in the country,
which speaks against environmental factors as causa-
tive agents. Hereditary MTC was more confined to
certain regions, reflecting the location of identified
families and differences in screening activity. Popula-
tion-based surveys in the United States and Canada
showed that MTC constituted 4�10% of the thyroid
carcinomas. Data from the Thyroid Cancer Registry in
Japan showed 1.55% of MTC among the patients with
thyroid malignancies registered from 1977 to 1980.

MTC can occur in four different settings: (1) in
sporadic form, (2) as the single component in a
hereditary disease, familial MTC (FMTC), (3) in the
hereditary syndrome multiple endocrine neoplasia syn-
drome type 2A (MEN-2A), associated with parathy-
roid disease and pheochromocytoma, and (4) in the
hereditary syndrome MEN-2B associated with pheo-
chromocytoma and a specific phenotype characterized
by marfanoid habitus, mucosal ganglioneuromas, and
intestinal ganglioneuromatosis. Seventy-five percent of
the patients with MTC have sporadic disease and 25%
hereditary disease.

2 GENETICS

2.1 Hereditary MTC Syndromes

MEN-2 is an autosomal dominant genetic disorder,
which can be clinically manifested as the MEN-2A
syndrome (MTC 100%, pheochromocytoma 50%,
and parathyroid neoplasia 10–20%). In 1961 Sipple
(2) described six patients with both thyroid carcinoma
and pheochromocytoma. Williams et al. (3) recognized
that such thyroid tumors were of medullary type. In
1965 Schimke and Hartmann (4) suggested a single
gene inheritance of MTC and pheochromocytoma, and
3 years later Steiner et al. (6) proposed that familial
occurrence of MTC, pheochromocytoma, and para-
thyroid tumors should be designated MEN-2. Among
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the hereditary types of disease, MEN-2A is the most
frequent syndrome (68%), followed by the MTC-only
syndrome (FMTC) (21%) (8). A minority of patients
suffer from the MEN-2B syndrome (11%). Later,
variants of the MEN-2A syndrome were recognized,
i.e., MEN-2A associated with cutaneous lichen amyloi-
dosis or with Hirschsprung’s disease (9–11). In 1966
Williams and Pollock (12) described the MEN-2B
syndrome (MTC 100%, marfanoid habitus and intes-
tinal ganglioneuromatosis/mucosal neuromas nearly
100%, and pheochromocytoma 50%) (Fig. 1). These
patients have no parathyroid disease. All these syn-
dromes are caused by germline mutations of the RET
proto-oncogene, and affected individuals will develop
multifocal bilateral MTC with almost complete pene-
trance usually at a young age. The other syndrome
features have incomplete penetrance.

2.2 Genetic Background

In 1987 the causativeRET proto-oncogene was mapped
to chromosome 10 (13,14), and several RET mutations
were thereafter described in kindreds with MEN-2
syndromes and FMTC (15–20). The large RET proto-
oncogene comprises 21 exons and codes for a tyrosine
kinase receptorwith a cadherin-like extracellular region,
which is cysteine-rich close to the cell membrane, and an

intracellular tyrosine kinase domain (21). Hereditary
MTC is mainly caused by mutations in the cysteine-rich
extracellular region or in the intracellular kinase domain
and involves 6 exons (Fig. 2). The classic MEN-2A
syndrome is usually associated with mutations in the
extracellular region of RET, i.e., codon 634 (75–85%)
and codons 609, 611, 618, and 620 (altogether 10–15%).
On the other hand, theMEN-2B syndrome is associated
with mutations in the intracellular kinase domain, i.e.,
codon 918 (95%) and rarely codon 883 (Fig. 2) (22).

Somatic point mutations of RET are rather unusual
in sporadic MTC (25–30%) (23). Codon 918 is most
commonly affected. Patients with this mutation have
aggressive tumors and short survival in analogy with its
germline counterpart, which causes the MEN-2B syn-
drome (24). The codon 918 mutation may be of impor-
tance for tumor progression, frequently combined with
a codon 836 polymorphism (25). Somatic point muta-
tions have also been reported for exons 10, 11, 13, 14,
and 15 at low frequency (23). Furthermore, base pair
deletions of exon 11 seem to be common in sporadic
MTC, which may lead to impaired RET function
(26,27). If mutation analysis was regularly performed
in cases with apparently sporadic MTC, hereditary
disease may be revealed in 6–8% (28). The molecular
basis for development of sporadic MTC is still largely
unknown. The diverging clinical courses seen in spo-

Figure 1 Two patients with the MEN-2B syndrome (codon 918 mutation) with (left) or without (right) phenotypic features. The
left panel shows characteristic mucosal ganglioneuromas of the lips and tongue. The right panel shows a massive MTC at clinical
presentation in a young patient.
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radic MTC patients may indicate a complex multifac-
torial pathogenesis.

2.3 RET/GFR A Receptor

Under physiological circumstances the ligand glial cell
derived neurotrophic factor (GDNF) binds to a recep-
tor system, consisting of the GDNF receptor (=GFR
a-1) and the extracellular domain of RET, which in
turn triggers dimerization of the receptor, autophos-
phorylation of RET, and activation of two intracellular
kinase signaling pathways (22). Mutations of RET can
cause tumor transformation via at least two mecha-

nisms: (1) gain of function, e.g., the most common
extracellular mutation at codon 634 causes dimerization
of the RET/GFR a-1 receptor in the absence of ligand
leading to continuous intracellular signaling; (2) altered
substrate recognition, e.g., the most common intracel-
lular mutation at codon 918 causes activation of the
intracellular signaling pathways in the absence of recep-
tor dimerization.

To date, three additional GFR-like receptors and
three additional ligands (neurturin, perseptin, and arte-
min) have been identified as important for nerve growth
and maturation (29). Like GDNF, they bind to RET in
complex with the membrane-bound components
GFRa-2 to -4. Mutations of GDNF homologues and
their receptors do not seem to be involved in MEN-2A
(30), but occur frequently in both sporadic and familial
Hirschsprung’s disease (31).

2.4 Consequences of Genetic Testing

With the rapid progress of our knowledge about RET
mutations and hereditary MTC, the concept of prophy-
lactic total thyroidectomy in individuals at risk has
developed. The timing of this surgical procedure has
been much discussed and also relates to more aggressive
clinical phenotypes seen with certain genotypes. It must
be emphasized that the clinical experience with some of
these rare mutations is still limited and guidelines for
treatment are only tentative at this stage. An attempt to
stratify the risks in variants of hereditary MTC accord-
ing to the experience of M.D. Anderson Cancer Center
is presented in Table 1 together with treatment recom-
mendations discussed at the international MEN work-
shops (32). The ideal age for intervention has not been
settled unequivocally, but in general most experts want
to intervene arround the age of 5 years in patients with
MEN-2A or FMTC, but in infancy inMEN-2B patients

Table 1

Risk score Clinical manifestation/RET mutation Recommended treatment

High MEN-2Ba/codon 883, 918 or 922 Total thyroidectomy + central node dissection mandatory within
the first year of life

Intermediate Codon 611, 618, 620, or 634 Total thyroidectomy + central node dissection recommended
within the first 5 years of life

Low Codon 609, 768, 790b, 791b, 804 or 891 No consensus: Total thyroidectomy can be performed within the

first 5 years of life, or at later age, or at the first abnormalities
at continued provocation tests

aGermline transmission through several generations is less common, but testing recommended on all children at risk irrespective of presence of the

MEN-2B phenotype, or not. Since individuals with de novo mutations have no family history of MEN-2B, testing is recommended on all subjects

with phenotypic features.
bNo deaths from MTC have been observed in patients with these mutations.

Figure 2 Schematic illustration of RET with mutations
associated with MEN-2A and -2B indicated. FMTC and
MEN-2A are mainly associated with the same mutations in

the cysteine-rich domain. FMTC can also be associated with
mutations in codons 768, 791, and 891 in the tyrosine kinase
domains (not shown).
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(33,34). In patients withMEN-2A, the clinical course of
MTC is quite variable and resembles sporadic MTC,
e.g., patients with metastases can have stable disease
while others rather rapidly develop skeletal metastases
and hormonally induced diarrhea and die of metastatic
growth in the central neck and airways. On the other
hand, the onset of MTC in MEN-2B is very early, and
young patients may present with a cervical mass and
incurable metastatic disease. Patients with FMTC have
more indolent tumor disease andmay live well even with
elevated calcitonin levels. Many are cured by thyroid-
ectomy alone.

In several series on preventive thyroidectomy it was
shown that RET mutation carriers had foci of MTC
despite normal calcitonin levels, i.e., provocation tests
underestimated the histopathological findings. Some
of the surgical procedures should therefore be consid-
ered therapeutic rather than preventive. Furthermore,
children with abnormal provocation tests frequently
had microscopic MTC at surgery, a tumor entity with
metastatic potential. Accordingly, 15–20% recurrent
disease may appear after long-term follow-up in chil-
dren subject to thyroidectomy due to early diagnosed
MTC by biochemical standards (35–37). In one series
from the Netherlands gene-carrying children (5–18
years old) from MEN-2A kindreds with normal calci-
tonin testing all had foci of MTC in their surgical
specimens (38). In a large MEN-2A screening study
from 7 kindreds, the gene carriers were offered total
thyroidectomy. Among the operated patients, all with
elevated calcitonin levels had macro/microscopic
MTC and all with normal calcitonin had macro/
microscopic MTC or C-cell hyperplasia. No metasta-
ses were identified in any of the central lymph nodes
dissected in the entire patient material, and the stimu-
lated calcitonin levels were normal after surgery (39).
In early series on prophylactic thyroidectomy in chil-
dren with verified RET mutations, no signs of recur-
rent disease have been noted with an observation up to
3 years (34).

There is now consensus that children at risk should
undergo genetic testing at an early age. The testing
should rely on two peripheral blood samples, drawn
and analyzed on separate occasions to avoid testing
errors and sample mix-up. After extraction of DNA
from lymphocytes, RET regions are amplified by PCR
and mutations detected by direct sequencing, analyses
of restriction sites, and gel shifts. The future follow-up
will be focused on recurrence rates after prophylactic
thyroidectomy, i.e., stimulated calcitonin levels at reg-
ular intervals should be performed combined with
screening for pheochromocytoma and hyperparathy-

roidism. We still recommend that FMTC patients be
medically managed like MEN-2A patients with atten-
tion to development of pheochromocytoma and para-
thyroid disease, since FMTC may potentially represent
one end of the MEN-2A spectrum with low penetrance
of the disease mutation (40).

3 PATHOLOGY

The typical tumor presents as a firm, gray-white mass,
usually well demarcated and sometimes encapsulated.
The cell of origin for MTC is the C cell which, can be
identified by immunohistochemical staining for calcito-
nin. C cells comprise about 0.1% of the thyroid epithe-
lial cells (41). The C cells are located within individual
follicles, being sandwiched between the basement mem-
brane and the follicular epithelium either as single cells
or in small groups (41,42). The tumor may grow in
trabecular sheets or in insular nests, separated by
fibrous tissue. Most of the normal C cells are located
deepwithin the lateral thyroid lobes along the upper two
thirds of their central axis. The C-cell hyperplasia
includes focal, diffuse, and nodular hyperplasia. Nod-

Figure 3 The proband of a family with the MEN-2A syn-
drome (codon 618 mutation) at clinical presentation with an
advanced MTC, lymph node metastases, and infiltrating
growth in structures of the neck and mediastinum.
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ular hyperplasia is present when the lumen of the follicle
is obliterated by proliferating C cells. Early MTC rep-
resents the stage when C cells break through the base-
ment membrane and invade the interstitium (41,42).
The size of aMTC at clinical presentation can vary from
a fewmm to large tumors that extend from themandible
down into mediastinum (Fig. 3). In most cases MTC is
initially located within the regions of highest C-cell
concentration. In familial MTC the tumors are often
bilateral and multicentric and associated with bilateral
C-cell hyperplasia. Microscopically, MTC is composed
of polygonal, or spindle-shaped, cells with granular
eosinophilic cytoplasm. Amyloid (a calcitonin gene
product) may occur in the stroma but is no prerequisite
for the diagnosis. The method to establish the diagnosis
is immunocytochemical staining for calcitonin, but the
tumor also stains for the carcinoembryonic antigen
CEA and chromogranin A and several other substan-
ces, e.g., histaminase, serotonin, adrenocorticotropic
hormone (ACTH), calcitonin gene-related peptide
(CGRP), corticotropin-releasing factor (CRF), and va-
soactive intestinal peptide (VIP). Deposits of calcium in
the stroma can occur in the thyroid tumor, and in ex-
ceptional cases calcified hepatic metastases can be
revealed on plain abdominal films (Fig. 4). Calcified tu-
mor masses are usually associated with advanced dis-

ease, but even with this sign long survival may occur.
Mixed tumor variants (MTC–follicular thyroid carci-
noma and MTC–papillary thyroid carcinoma) are rare.
The diagnosis can be made when two independent
tumors are ruled out. The clonal properties of the two
components differ, and some tumors can be regarded as
MTC with surrounding thyroid hyperplasia (43). Ex-
cept for bilaterality and multicentricity, there are no
histological or histochemical differences between he-
reditary and sporadic MTC.

4 CALCITONIN AND CEA, PHYSIOLOGY,

AND TUMOR MARKERS

The existence of a calcium-lowering factor was first
postulated by Coop and colleagues (44). Experimen-
tally they perfused the regional neck vessels, supplying
the parathyroids and thyroids, with blood of varying
calcium concentrations and found that hypercalcemic
perfusion suppressed the systemic calcium levels. First
they believed that the parathyroids produced this new
factor. Further studies showed that the hypocalcemic
factor, now termed calcitonin, was a thyroid hormone
originating from the parafollicular C cells. There is a
close correlation between the number of C cells and the
tissue content of calcitonin. Acute elevations of the
serum calcium concentration stimulate the release of
stored calcitonin. Calcitonin is a 32-amino-acid peptide
hormone, which suppresses the serum calcium concen-
tration, presumably through its action on osteoclast
activity. Hypercalcemia increases the circulating levels
of gastrin, which also elicits release of calcitonin in
order to maintain normocalcemia. Pentagastrin is a
synthetic peptide, sharing the active carboxy-terminal
tetrapeptide of gastrin, which is used for pharmaco-
logical release of calcitonin (45). MTC cells express
gastrin (CCK-B) receptors, which is a prerequisite for
both the physiological and the pharmacological stim-
ulation of the calcitonin release (46). Determination of
serum concentrations of calcitonin is used as a diag-
nostic test for MTC. To increase the sensitivity of this
test, the calcitonin concentrations are determined both
before and after i.v. infusion of calcium (2 mg/kg/min)
followed by a bolus dose of pentagastrin (0.6 Ag/kg).
After introduction of the more reliable immunoradio-
metric assays (with a detection limit of 2–4 ng/L and an
upper normal reference limit of 20 ng/L), we routinely
use the pentagastrin test, but still use the combined
stimulation test in cases with borderline elevations of
calcitonin concentrations after stimulation with penta-
gastrin alone.

Figure 4 Plain abdominal films of a MEN-2B patient with
calcified MTC metastases in the liver.
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4.1 False-Negative Calcitonin Tests

In patients with residual MTC after earlier operations,
63% had undetectable basal serum calcitonin concen-
trations, although their stimulated calcitonin values
were elevated (47). Therefore, when serum calcitonin
concentrations are tested, the stimulation test should be
used to avoid false-negative tests. False-negative calci-
tonin tests can also occur in patients with less differ-
entiated MTC. The calcitonin values of such a patient
are given in Table 2. He presented with a large sporadic
MTC that was visualized by somatostatin receptor
scintigraphy. In our experience, patients with positive
somatostatin receptor scintigraphies have aggressive
tumors and poor prognosis (48). The preoperative test
showed a high basal serum calcitonin concentration,
which was increased by only 12% after injection of cal-
cium and pentagastrin. The CEA levels were raised to 6
Ag/L. At operation a large tumor (75 g) was found that
infiltrated structures in the neck and upper mediasti-
num, including one inferior laryngeal nerve, the esoph-
agus, and the cervical and brachial nerve plexa. A total
thyroidectomy was done with an extensive microdissec-
tion of the neck and upper mediastinum (see below).
Forty-six out of 82 lymph nodes contained tumor with
perinodal growth. Tumor tissue remained after the
operation. Microscopic examination revealed the typi-
cal features of a less differentiated MTC, i.e., cellular
and nuclear polymorphism, frequent mitoses, areas
with necrosis, no amyloid, and a heterogeneous distri-

bution of calcitonin-poor C cells. To our surprise, the
postoperative calcitonin test was normal and at later
check-ups the CEA value was normalized. CEA has a
long half-life; it takes at least 2 months after a tumor
reduction before CEA is normal. During the following
4 years the calcitonin values increased very little. No
stimulation of serum calcitonin concentrations was
noted by combined i.v. injections of calcium and penta-
gastrin. In 1991 a small increase in the stimulated se-
rum calcitonin concentration occurred. The following
year the patient developed distant metastases in the
lungs and liver, and he died shortly thereafter. In this
patient the severity of disease was better reflected by the
CEA values than by the calcitonin concentrations. It
must be noted that CEA is not MTC-specific; normal
and hyperplastic C cells do not contain CEA, and not all
MTC cells stain for CEA. In patients with aggressive
MTC, an increase in serum concentrations of CEA can
occur despite stable serum calcitonin concentrations; an
increase in CEA can even be associated with decreased
calcitonin levels. The calcitonin tests are usually the
most efficient for the diagnosis and follow-up of patients
with MTC, but CEA may be useful to identify a subset
of patients with poor prognosis.

4.2 False-Positive Calcitonin Tests

C-cell hyperplasia not related to MEN-2 occurs in 5–
10% of the normal population and is especially com-
mon in children younger than 6 years and in individuals
older than 50 years. Such individuals can have border-
line increased calcitonin levels that cannot be distin-
guished from the neoplastic state that precedes MTC
(49). After the introduction of genetic testing, it was
revealed that a few MEN-2A family members with C-
cell hyperplasia had undergone thyroidectomy due to
false-positive stimulated calcitonin tests. The genetic
analysis proved that they were not gene carriers (50).
Patient serum may contain anti-IgG antibodies (heter-
ophilic antibodies), which are capable of reacting with
antibodies used in the assay. This may cause spuriously
elevated calcitonin values in an immunoradiometric
assay. The interference can be eliminated by addition
of nonimmunemouse or bovine serum. Therefore, when
a patient presents with unexpectedly high serum calci-
tonin concentrations, the laboratory should be con-
sulted (51).

4.3 Other Pitfalls

Hypercalcitoninemia can occur in patients with neuro-
endocrine tumors other than MTC, e.g., gastroenter-

Table 2 False-Negative Calcitonin Stimulation Test in a

Patient with Less Differentiated MTC and Residual Disease
After Surgery

Serum calcitonin (ng/L)

Month/year Basal Peak CEA (Ag/L)c

2/86 17,000a 19,000a 6

2/86 300a 290a -
10/86 440a 420a 5
5/87 470a 400a 5.3
4/88 840a 800a 5.5

5/89 860a 880a 12
9/90 31b 52b 25
11/91 64b 146b 85

3/92 356b 732b 240

a Values determined by a radioimmunoassay, upper normal limit 300

ng/L.
b Values determined by an immunoradiometric assay, upper normal

limit 20 ng/L.
c CEA determined with an immunofluorometric assay, upper normal

limit 5 Ag/L.
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opancreatic endocrine tumors, pheochromocytomas,
and paragangliomas. Contrary to previous opinion, it
has been found that the calcitonin release from these
tumors can be enhanced by i.v. injections of pentagas-
trin to a similar degree as seen in MTC. These tumors
were indicated as the source of calcitonin by immuno-
cytochemical studies and by normalization of the
serum calcitonin concentration after tumor excision
(52,53). It is thus important to know that pentagas-
trin-stimulated calcitonin release does not always indi-
cate the presence of MTC. Nowadays the screening
programs for early detection of MTC in members of
families with hereditary disease are based on genetic
testing (34,39). However, the stimulated calcitonin
tests still have an important role in the diagnosis of
sporadic MTC (75% of all cases) and in the follow-up
after surgery in all MTC patients.

5 PROGNOSIS AND RISK FACTORS

In one series with 116 MEN-2A patients, 36 family
members had been diagnosed before the screening era;
29 of these patients died of pheochromocytoma and the
other 7 died of MTC. Out of 80 patients who had been
diagnosed by screening, 2 died of pheochromocytoma
and 7 of MTC (38). This shows that the proportion of
deaths by pheochromocytoma was substantially re-
duced by the screening programs. Nowadays, very few
patients with hereditary disease die of pheochromocy-
toma, and most of the disease-specific mortality in
MEN-2A and MEN-2B is due to MTC.

5.1 Patient-Related Prognostic Factors

According to the study by Saad et al. (7), the most
important factors that influence the prognosis are the
type and stage of MTC. MEN-2A patients had a better
survival rate than those with sporadic disease (Table 3).
MEN-2B is known to be the most aggressive form of
MTC, while FMTC has themost favorable prognosis of

all types of MTC (8). In a large study including 741
patients from the German MTC Register (54), the 5-
and 10-year adjusted survival rates for all stages of
MTCwere 81%and 64%, respectively (Table 4); similar
figures have been reported by other investigators. In a
univariate analysis the stage of disease at diagnosis, type
of disease (sporadic or familial), age at diagnosis, and
gender were relevant prognostic factors to identify
groups with high or low risk, respectively, e.g., young
female patients with familial disease diagnosed at early
stage had the best prognosis. The most essential factor
that influenced survival was the stage of disease at the
time of diagnosis. In amultivariate analysis adjusted for
tumor stage, the significant difference in relative hazard
between patients with sporadic and those with familial
disease disappeared. From these findings it was sug-
gested that once a MTC has become clinically manifest,
its course may not differ biologically between sporadic
and familial cases. The generally better prognosis seen
in MEN-2A patients than in sporadic cases may be
related to the stage at which the disease was detected
rather than to inherent differences in biological behav-
ior of the tumor. The mean age at diagnosis for the
sporadic cases was 50 years, with the highest incidence
in the fifth decade and the mean age for the familial
cases was 33 years, with the highest incidence in the
fourth decade (54). The MEN-2B patients may thus
have the most malignant MTC tumors partly as a result
of the early onset of disease. Screening of MEN-2B
families has led to earlier MTC operations; conse-
quently, in recent MEN-2B series the MTC appeared
to be less aggressive than predicted from earlier experi-
ence (55,56).

5.2 Morphological Prognostic Factors

In a study of 241 patients the histopathological charac-
teristics and nuclear DNA content ofMTC tumors were
evaluated as prognostic factors (57). The following
tumor characteristics indicate good prognosis: high
frequency (>50%) of calcitonin-immunoreactive cells,

Table 3 Importance of MTC Type to Postoperative Survival

Authors (Ref.)
Treatment
period

Type of
MTC

No. of
patients

Age (yr) at
presentation

5- and 10-year
survival (%)

Saad et al. (7) 1944–83 Sporadic 125 (81%) 46 74 and 55

Familial 30 (19%)a 32 100 and 94
Sporadic 559 (75%) 50 79 and 62

Raue et al. (54) 1967–91 Familial 182 (25%) 33 88 and 72

a Five patients with MEN-2B syndromes excluded.
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presence of amyloid in the tumor, and intact tumor
capsule. There were two- or threefold differences in
hazard rate between patients with, or without, these
tumor characteristics. Also the nuclear DNA content is
a strong predictor of the outcome in MTC. The impor-
tance of calcitonin immunoreactivity and the amyloid
content was tested in multivariate analyses adjusted for
the mentioned prognostic factors and also for stage of
the disease, heredity, age, sex, tumor size, and treat-
ment. According to these analyses, the relative hazard
for calcitonin immunoreactivity and amyloid content
changed only marginally, which indicates that these
parameters are independent prognostic factors. Now
that gene carriers of the MEN-2A and FMTC syn-
dromes can be identified in childhood and even in
infancy by genetic testing, thyroidectomy can be done
before MTC has developed and the prognosis for these
cases of familial MTC will be excellent (34). About half
of the MEN-2B gene carriers who have inherited the
mutation will benefit from the early genetic testing. The
diagnosis of the sporadic cases and the MEN-2B cases
with de novo mutations will be discussed in Sec. 7.

6 ECTOPIC CUSHING’S SYNDROME

An ectopic Cushing’s syndrome occurs in about 4% of
patients with MTC (58). In two thirds of these patients
the diagnosis of MTC precedes with several years the
discovery of the Cushing’s syndrome. In the other
patients the two diseases are detected simultaneously.
At presentation they have the signs and symptoms
usually seen with the nonectopic Cushing’s syndrome;
in addition, about a third of the cases have watery
diarrhea, often with 10–15 stools a day. Such diarrhea
can also occur in other MTC patients with large tumor
burden. The exact cause of the diarrhea is not known,
but calcitonin, prostaglandins, serotonin, and VIP have

been suggested as etiological substances. In some cases
the diarrhea can be abolished, or palliated, by tumor
reduction (59). Also, medication with the somatostatin
analogue octreotide can palliate the diarrhea (60–62).
Patients with the ectopic Cushing’s syndrome are char-
acterized by rapid onset of symptoms, progressive
clinical course, and often radiographically evident
tumors. They usually have hypokalemic alkalosis and
severe muscle wasting and weakness. The diagnosis is
established by very high levels of serum and urinary
cortisol and no suppression of ACTH secretion by the
high dose (8 mg) of dexamethasone. In preparation for
surgery the hypokalemic alkalosis should be corrected.
In patients with hypercortisolism the risk for throm-
boembolic complications is high and prophylactic
measures should be taken. Radical extirpation of the
MTC with metastases would be the optimal solution,
but this can be done only in exceptional cases. Ectopic
Cushing is in the great majority of cases a late symptom
associated with advanced dissemination of the tumor.
Therefore, in most patients the treatment of choice is
laparoscopic bilateral adrenalectomy. Most patients
have been exposed to high levels of corticosteroids.
Therefore, they need high-dose glucocorticoid coverage
during surgery and postoperatively. The corticosteroid
dose should be tapered over several weeks. After the
patients have recovered from adrenalectomy, cytore-
ductive surgery can be considered. In individual cases
we have seen survival exceeding 5 years after liver
resection, but on the whole the prognosis is dismal.
The long duration of hypercortisolism before diagnosis
of a Cushing’s syndrome would be shortened and the
prognosis improved if all MTC patients with persistent
disease after surgery were not only regularly checked
for the serum concentrations of calcitonin and CEA,
but also for serum potassium and urinary levels of
steroids. Ectopic Cushing can occur in both sporadic
and hereditary MTC; one of our patients had a cys-

Table 4 Importance of MTC Stage to Postoperative Survival

Survival rates (%)

Authors (Ref ) No. of patients Treatment period I II III IV All

Saad et al. (7)a 161 1944–83

Survival after 5 years 92 89 58 40 78
Survival after 10 years 82 80 23 25 61

Raue et al. (54)b 741 1967–91

Survival after 5 years 100 81 75 50 81
Survival after 10 years 74 77 60 37 64

a Mean age at diagnosis = 44 years.
b Mean age at diagnosis = 46 years.
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teine-to-glycine mutation at codon 634 of the RET
protooncogene. She was 31 years old when diagnosed
with ectopic Cushing.

7 PREOPERATIVE DIAGNOSIS

7.1 Fine Needle Aspiration Biopsy

With routine stains most MTC cells are polygonal, or
spindle-shaped, often with eccentric nuclei, and appear
larger than normal follicular cells. With May-Grün-
wald–Giemsa staining, characteristic red granulation
of the cytoplasm can be found in a minority of the cells.
Amyloid can be seen both intra- and extracellularly,
staining bluish-grey or violet (63). To establish theMTC
diagnosis, immunocytochemical staining for calcitonin
should be done. No examination of a thyroid nodule is
completewithout fine needle aspiration biopsy (FNAB).
This examination is especially important in the diag-
nostic work-up of sporadic MTC. With correct diag-
nosis, an appropriate thyroid operation can be planned.
In patients with recurrent MTC, FNAB can verify the
nature of lesions that have been detected by other
means. In case of nonpalpable metastases, the biopsies
can be guided by ultrasonography or by CT. A cyto-
logical diagnosis of MTC necessitates calcitonin and
calcium studies as well as biochemical testing to rule
out pheochromocytoma and hyperparathyroidism.

7.2 Sporadic MTC

The diagnosis of sporadic MTC must continue to rely
on clinical observations and the awareness of the physi-
cian. Up to 90% of the patients with palpable MTC
have lymph node metastases (64). Therefore MTC
should be suspected in patients with palpable thyroid
tumors and lymph node metastases. A few patients with
sporadic MTC are incidentally diagnosed at surgery for
colloid goiter or hyperparathyroidism. Such tumors are
usually small (<1 cm). More than 95% of sporadic
MTC are palpable, and they can be diagnosed by
FNAB, complemented with basal and pentagastrin-
stimulated calcitonin tests. Forty percent of MEN-2A
gene carriers will not have presented with symptoms
before the age of 70 (65). Therefore, the family history is
not always reliable. This is one reason why genetic tests
should also be recommended to patients with appa-
rently sporadic MTC. Some MEN-2A patients have de
novo mutations; such patients will also benefit from a
policy with genetic testing for all patients with appa-
rently sporadic MTC (28).

7.3 MTC as Part of MEN-2B Syndrome

The MEN-2B syndrome is a rare condition (11% of
familial MTC). About half of the patients with MEN-
2B syndromes have hereditary disease and can be
diagnosed by genetic screening of affected kindreds.
Half of the MEN-2B patients have de novo mutations
(66), andmany of themwill be diagnosed first when they
have got symptoms of MTC or pheochromocytoma.
Others will be diagnosed due to the characteristic phe-
notype or due to other symptoms that may occur in the
MEN-2B syndrome, e.g, intestinal problems. These
symptoms can start during infancy first as constipation,
later as constipation, diarrhea, and megacolon. They
can also present with symptoms of skeletal abnormal-
ities, e.g., scoliosis, or with problems from oral and
ocular ganglioneuromas. Delayed puberty is another
symptom of MEN-2B. The physician who attends
patients with these symptoms should be aware of the
MEN-2B syndrome so that these patients can be be
diagnosed earlier by genetic testing and be offered a
thyroidectomy leading to less morbidity and longer
survival. The sooner MEN-2B patients are diagnosed,
the better the outcome; the optimum time for surgery is
during infancy. However, that early it is difficult to
clinically diagnose a patient with de novo mutations,
since the typical phenotype is not yet so apparent.
Figure 1 shows the typical sign of thick bumpy lips
due to mucosal ganglioneuromas in an adult patient;
these signs were still absent in the teenage patient.
Samaan et al. (67) reported an infant case who had
thyroid surgery at the age of 3 months; in this case the
suspicion of a MEN-2B syndrome came up because of
failure to thrive, possible intestinal obstruction, and a
rectal biopsy showing ganglioneuromas. The diagnosis
was further strengthenedwhen thickening of the corneal
nerves was detected. This is a typical sign of MEN-2B
that usually does not appear before 2 years of age. On
suspicion of MEN-2B syndrome, the diagnosis can
today be done directly by genetic testing.

8 PREOPERATIVE WORK-UP

8.1 Work-Up Before a Primary Operation

The routine work-up before surgery for patients with
MTC includes genetic testing to identify patients with
hereditary disease. Calcitonin tests are done to roughly
estimate the amount of tumor tissue and to establish the
diagnosis in sporadic cases. Serum concentrations of
CEA are determined to alert the physician if the disease
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takes a more aggressive turn. Cytological verification of
the tumor type is done in all sporadic cases. Since a vocal
cord paralysis can occur preoperatively as a result of
aggressive tumor growth, a laryngoscopy with exami-
nation of the vocal cord movements should be per-
formed. Our ambition is to do neck operations even in
patients with distant metastases in order to avoid, or
delay, tumor infiltration into vital structures. In pa-
tients with advanced primary tumors, preoperative
tracheoscopies and esophagoscopies are done with pos-
sibility for biopsies. In advanced primary cases, many
of the studies discussed in the next section will be used.

8.2 Work-Up Before a Repeat Operation

Before a repeat operation an investigation of the vocal
cord movements is mandatory, because the finding of a
palsy of an inferior laryngeal nerve will influence the
design of the operation towards a less radical operation
on the nonaffected side. Before surgery for persistent or
recurrent MTC, we try to localize the tumors and
diagnose possible distantmetastases. The first localizing
procedure is a careful palpation of the neck and FNAB
of all suspect lesions. Ultrasonography can be used
preoperatively and intraoperatively in the neck to local-
ize hypoechoic metastases down to a size of 5 mm. For
preoperative morphological verification, FNAB should
be performed on suspect lesions. These investigations
are complemented by contrast-enhanced CT and/or
MRI, especially when searching for liver, lung, and
skeletal metastases. High sensitivity has been reported
for selective venous catheterization with blood sam-
plings for determination of serum calcitonin concentra-
tions. However, this procedure can localize a tumor to a
region, but not to a distinct site. MTC may have high
expression of somatostatin receptors and can therefore
be visualized by octreotide scintigraphy. In one study,
22 MTC patients who had persistently increased serum
calcitonin concentrations after previous surgery were
investigated by octreotide scintigraphy. Fifteen tumor
sites were localized by octreotide scintigraphy in 11 of
the patients. The smallest tumor that was visualized by
the scintigraphy had a volume of 0.5 cm3. Nine other
tumor sites were found by other means. Half of the
known lymph node metastases in the neck and upper
mediastinum and 6 of 7 distant metastases were visual-
ized by scintigraphy. Because of its capacity to detect
distant metastases, we recommend octreotide scintigra-
phy before repeat operations. The growth rate of MTC
can be monitored by measuring the increase in serum
calcitonin concentrations over time. The patients with
positive scintigraphies had a higher annual increase in

calcitonin than the other patients. This shows that a
high density of somatostatin receptors is compatible
with a high tumor growth rate. Tumor-associated symp-
toms and death of MTC occurred only in patients with
scintigraphically visualized tumors. This means that a
positive octreotide scintigraphy is a bad prognostic
factor (48) (Fig. 5).

In an interesting study, Tung et al. (68) found by
laparoscopy small (<5 mm) liver metastases in 7 of 36
examined patients who had persistent high calcitonin
values after previous MTC operations. These metasta-
ses had not been revealed by CT and MRI scans. In a
patient with such small metastases, we should not
hesitate to do a neck operation if there were macro-
scopic tumors in the neck. We should further evaluate
the liver lesions with the intention to perform cytore-
duction if possible.

9 SURGICAL TREATMENT

9.1 Primary Operations

As prophylaxis against thrombosis, all patients have
s.c. injections with low molecular weight heparin. For
surgery the patient is placed in the supine position with
a large piece of foam padding placed under the shoul-
ders and upper chest to avoid pressure sores. For
optimal access during the operation, the head and neck
are bentmoderately backwards and placed on a vacuum
pillow with adjustable pressure. The arms are posi-
tioned along the body and the anesthesiologist stationed
at the foot of the operation table. These arrangements
make it possible for the surgeon to shift position from

Figure 5 Octreotide scintigraphy in two patients with ag-
gressive MTC. Left panel shows unilateral uptake of the
radionuclide after primary surgery and several reoperations.

After scintigraphy the surgical exploration was limited to the
right side. Right panel shows multifocal uptakes in the right
upper neck, mediastinum, and along the right clavicle.
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the head of the patient or to the right or left side when
needed in order to get optimal access to the operation
field. To facilitate the dissection, magnifying glasses can
be used.

The operation is started with a transverse incision
about 4–5 cm above the jugulum. The superior and
inferior flaps are created. The superior flap is freed up to
the hyoid bone and the inferior down to the sternum.
The flaps are freed laterally on both sides. We almost
never use longitudinal incisions, since they are associ-
ated with a worse cosmetic result. Both recurrent nerves
should be dissected free to their entrance into the larynx
and the lymph nodes close to the nerves are excised. The
whole thyroid with the pyramidal lobe and adjacent
lymph nodes down to the innominate vein should be
removed en bloc. After this has been done, the operation
field is thoroughly searched for remaining lymph nodes;
it is checked that no thyroid tissue or lymph nodes
remain on the trachea.We also clean the anterior surface
of the carotid artery and jugular vein from lymph nodes
and soft tissue. Lateral neck dissections are done in case
of palpable primary tumors or palpable lymph node
metastases. Then the fascia over the carotid artery and
the anterior jugular vein is opened, the vagus exposed,
and the lymph nodes along the two vessels extirpated.
This dissection continues up to the level where the
accessory nerve passes over the internal jugular vein
beneath the posterior belly of the digastric muscle. The
lower limit for this dissection are the subclavian vessels.
Sometimes it is possible to extirpate lymph node metas-
tases located in the mediastinum below the right sub-
clavian artery from the cervical incision. In these cases
we continue the mediastinal clearance after a sternal
split has been done. After the jugular vein and carotid
artery have been cleaned, we dissect laterally from the
jugular vein under the sternocleidomastoid muscle and
over the cervical plexus down to the supraclavicular
fossa. We also follow the accessory nerve to clean the
posterior triangle. All tissue specimens are sent for
histopathological examination with information about
the exact site of each specimen. If a reoperation becomes
necessary, the pathology report is a valuable tool for the
planning of a new operation. Four parathyroids are
identified, if possible, and they are usually autotrans-
planted into muscle tissue.

9.2 Reoperations

Few patients with lymph node metastases have their
calcitonin values normalized by a lymph node dissection
(33). Many patients with residual MTC do well for
many years. However, MTC is generally a progressive

disease, as shown by a mean annual increase in calcito-
nin concentrations of about 100% in 36 of 40 patients
with residual MTC followed over 6 years (47). It is not
unusual that patients with residual MTC survive for
more than 20 years but still ultimately die of MTC. It
has been shown that patients with residual MTC can
have their increased serum calcitonin conentrations
normalized by a repeat operation in about 30% of cases
(59,64,69–71). In a study by Moley et al. (59) reopera-
tion resulted in normalization of the plasma calcitonin
concentrations in 28% of the patients and in a decrease
of calcitonin by 40% or more in another 42%.

The design of the repeat operation depends on the
information from the localization studies, from the op-
erative notes, and from the pathology report of the
previous operation. If the previous operation was done
by a nonspecialized surgeon, we usually do a systematic
reoperation on both sides of the neck; in other cases the
operation can be done more selectively. A repeat oper-
ation forMTC ismuchmore demanding than a primary
operationmainly due to scar tissue. The operation starts
with a laborious dissection to restore the anatomy. To
be successful the surgeon must have an anatomical
knowledge out of the ordinary. The best chance to cure
the patient is at the first operation. Therefore, this
operation should be done by a surgeon with experience
of thyroidectomy and extensive lymph node dissections.

The young girl with a hereditary MEN-2B syndrome
shown in Figure 1 had primary surgery for MTC 15
years ago. She had bilateral thyroid tumors, and a total
thyroidectomy was done with central and lateral lymph
node clearance on both sides of the neck; 129 lymph
nodes were excised, including 8 metastases with peri-
nodal growth. Two parathyroids were identified and
transplanted into muscle tissue. Her serum calcitonin
concentrations dropped from about 110,000 to 230 ng/L
(upper normal limit < 300 ng/L). Eight years ago she
was diagnosed with bilateral pheochromocytomas; she
had bilateral resections of the tumors leaving in situ the
normal parts of the adrenals. Today, 15 years after the
thyroid operation, she still has normal stimulated serum
calcitonin concentrations, normal adrenocortical func-
tion, and no signs of recurrent pheochromocytoma. She
also has a normal serum concentration of parathyroid
hormone but regularly takes some extra calcium.

10 NONSURGICAL TREATMENT

Surgical treatment is always the primary choice. In cases
with local recurrence reoperation is recommended.
MTC is not responsive to radioiodine, since the tumor
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cells are not derived from the thyroid follicle and lack
the iodine pump. MTC is not very sensitive to external
irradiation; prospective studies are lacking. In one large
retrospective series, patients with this type of treatment
actually had worse outcome (72). External irradiation is
frequently associated with long-term side effects, e.g.,
dryness of airway and oral mucosa. Futhermore, surgi-
cal treatment after external irradiation can be very
difficult to perform. On the other hand, external irradi-
ation can be valuable in the treatment of skeletal
metastases (73). Chemotherapy with single agents has
no proven effect in patients with advanced disease.
Combinations of cytotoxic agents used for other types
of neuroendocrine tumors also had limited success
(74,75). The best partial response rate (15%) was seen
for 5-FU and streptozotocin alternating with dacarba-
zine (76).

Since MTC can be visualized scintigraphically by
anti-CEA antibodies labeled with radionuclide, radio-
immunotherapy with 131I antibodies has been attemp-
ted. Antiproliferative effects were seen in half of the
patients with acceptable side effects from the bone
marrow (77). In our own diagnostic studies of thyroid
neoplasias, we used 111In-labeled octreotide with pref-
erential binding to somatostatin receptors of subtypes 2
and 5. The MTC tumors with the worst prognosis were
the ones that were visualized scintigraphically (48). The
tumor-to-blood activity concentration ratios were fa-
vourable for radiotherapy as well as for lymph node
metastases studied after dissection into tumor-free or
tumor-bearing parts (78). Octreotide can also be used to
alleviate hormonal symptoms in advanced disease, but
tachyphylaxis may develop rather rapidly (62). Addi-
tion of interferon a-2b can potentiate the therapeutic
effects at the cost of drug-related toxicity (79). Novel
medical or radiopharmaceutical treatment strategies are
clearly required.

11 FINAL COMMENTS

Pentagastrin tests will identify children with hereditary
MTC at an average age of 15 years (38). In the two series
discussed (Table 3) the mean age at diagnosis was 33
years. One reason for this late diagnosis is probably the
fact that the series included patients diagnosed either
before or after the introduction of screening programs;
i.e., the survival data will underestimate the potential
survival advantage in a series with biochemically
screened patients. The introduction of genetic testing
as screening will further improve the prognosis for the

familial cases. To improve the prognosis for sporadic
MTC, these patients should be referred for primary
surgery to centers with expertise in the disease.
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1 INTRODUCTION

Papillary and follicular thyroid cancer, together termed
differentiated thyroid cancer (DTC), is usually curable
when it is discovered at an early stage and is treated
appropriately. Derived from follicular epithelial cells
that normally trap iodine and secrete thyroid hormone,
these tumors usually have receptors for and grow in
response to thyrotropin (TSH). They are the only ma-
lignant tumors that respond to a combination of thy-
roid surgery, radioiodine (131I), and thyroxine (T4)
suppression of TSH and that synthesize and secrete
thyroglobulin (Tg), a senistive marker that is elevated
by small amounts of tumor. Indeed, in the absence of
normal thyroid tissue, early detection of persistent
tumor is made possible by an elevation of the serum
Tg level. Papillary cancer comprises the majority of
thyroid malignancies (90%) and has the best 10-year
relative survival rate (93%), responding better to treat-
ment than other thyroid tumors. Nonetheless, it
accounts for over half the deaths from thyroid cancer
(Table 1) (1), killing more patients than all other forms
of thyroid cancer.

Multiple factors affect the long-term prognosis of
DTC (2), but it is mainly determined by interactions
between the patient and the tumor—intrinsic con-
stants in the prognostic equation that cannot be
modified—and by therapy and follow-up paradigms,
which in the final analysis stand as the only modifiable
variables that have an impact upon outcome. Appro-

priate treatment applied early can completely erad-
icate the tumor in most cases. This is the main goal
of therapy.

Management of DTC poses some problems because
there have been no prospective randomized trials of
therapy and none are likely to be done, given its typi-
cally prolonged course and relative infrequency. In-
stead, clinicians rely on large patient cohort studies in
which therapy has not been randomized, resulting in
some debate about management. Nonetheless, mortal-
ity rates of thyroid cancer fell significantly in the United
States between 1973 and 1996 (20%; p < 0.05) (3),
almost certainly as a result of early diagnosis and
effective treatment of DTC. This decline in mortality,
however, occurred only in women (3), perhaps because
they seek medical attention earlier than men, whose
tumors are typically discovered about three decades
later in life than they are in women, when tumors are at
a more advanced stage (3).

Much of the following discussion refers to treatment
of DTC because the management of papillary and fol-
licular thyroid cancer is similar (2). Two general ap-
proaches to management of DTC have been promoted.
Although both use surgery and T4 suppression of TSH,
they are otherwise quite different. One simply relies
upon resection of the primary tumor by hemithyroidec-
tomy, with no use of sensitive postoperative testing
because the tumor is considered so indolent as to pose
no threat to survival. The other and more common
approach, used for tumors larger than 1 cm, employs
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total thyroidectomy and 131I ablation and sensitive
follow-up tests to identify persistent tumor.

2 MEASURING OUTCOME

Analyzing outcome only in terms of cancer death gives
an incomplete picture because fatality rates from DTC
are low (Table 1) while recurrence rates are high, often
resulting in persistent disease that cannot be eradicated.
At 45-year follow-up, the cancer death rate in our
patients was only about 8%, whereas the recurrence
rate was 47% (Fig. 1) (2).Most of the adverse outcomes,
nearly 68% of the deaths, and 78% of the recurrences
happened within the first decade after initial therapy;
however, cancer deaths occurred as late as 35 years and
recurrences as late as 45 years after therapy (Fig. 2A)
(2). Recurrence is more common under age 20 and over
age 60* (Fig. 2B) (2). Local tumor comprised 68%of the
recurrences in our study (2). The other 32%weremostly
in lung, which over 40 years caused half the patients
with them to die (2). The 30-year cancer mortality rate
was almost twice as high with recurrence in soft tissues
of the neck (30%) compared with cervical lymph nodes
or the contralateral thyroid (16%; p < 0.05).

2.1 Long-Term Impact of Tumor Recurrence

Recurrence of thyroid cancer is often regarded as a
trivial event, yet it is commonly the harbinger of a bad
outcome. In the latest analysis (2) of our group with
DTC, most (69%) of the cancer deaths occurred among
a subgroup of 359 patients with recurrent tumor, while
the remaining deaths occurred among the 2% with

known persistent disease after surgery. About 15% of
patients with recurrent cancer died of disease. How-
ever, serum Tg measurements were not available during
the early years of this study, and many patients thought
to have a recurrence undoubtedly had unrecognized
persistent tumor after surgery that would now be
promptly recognized with TSH-stimulated serum Tg
measurements. Regional lymph node recurrence alone
was found in 130 (8.5%) of our patients, and among
this group 18 patients (14%) eventually died of cancer.
This presentation represented 36% of the recurrences
(2) and 23% of the cancer deaths. The median age of
those who died was 49.5 years (range 16–75 yr); 11% (2/
18) were under age 30 years, and 89% (16/18) were over
30 years. Another study (4) of 58 patients with lymph
node recurrence found that the 10-year relative survival
was almost 99% for patients under age 45 years but
only 43% for older patients ( p = 0.0014); multivariate
analysis showed that lymph node recurrence had an
independent and highly significant negative effect on
survival ( p < 0.001) in patients over age 45 years.
Three (5.5%) of 55 patients in our study (2) with
recurrence in the contralateral thyroid lobe, with or
without regional lymph node metastases, died of can-
cer. Their median age was 42 years (range 39–58 yr).
Seven of 13 patients (54%) in our study with muscle or
aerodigestive recurrences died of thyroid cancer; their

Table 1 Incidence and 10-Year Relative Survival of 53,856
Patients with Thyroid Cancer

Type of
thyroid
cancer (N) Number

Incidence
(%)

10-year
relative
survival
(%)

Proportion
of all
cancer

deaths (%)

Papillary 42,686 80 93 53
Follicular 6,764 11 85 16
Hürthle 1,585 3 76 7
Medullary 1,928 4 75 10

Anaplastic 893 2 14 14

Source: Ref. 1.

Figure 1 Forty-five year tumor recurrence and mortality
rates in a cohort of 1528 patients after a median follow-up of

16.6 years. Here and elsewhere the data are from a cohort of
patients published in 1994 (6) and updated in 2001 (2).

*Here and elsewhere, age refers to patient age at the time of
initial therapy.
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median age was 55 years (range 39–72 yr). Among our
114 patients with recurrences in the lung or other
distant sites, 34 (30%) have died of cancer and others
are likely to do so in the future. The median age of those
with distant metastases who died of cancer was 53.5
years (range 21–75 yr) compared with a median age of
35 years (range 7–91 yr; p = 0.0001) for patients with
distant metastases who did not die of thyroid cancer.

3 FACTORS INFLUENCING CHOICE

OF THERAPY

It is important to understand how risk factors affect
outcome because it is here that most clinicians dis-

agree, recommending therapy and follow-up accord-
ing to their view of risk. Some prognostic features
indicate how aggressively DTC might grow or respond
to treatment, setting the stage for long-term prognosis
(Table 2) (5). The first group comprises patient charac-
teristics—mainly age, gender, and genetic features (6).
The second group of variables comprises gross and
histological features of the tumor (Table 2) (5,7). The
third set of independent prognostic variables relates to
treatment (Table 3).

3.1 Patient Variables

3.1.1 Age

Age over 40 years is a powerful independent prognos-
ticator of death from thyroid cancer, with fatality rates
rising increasingly thereafter (Fig. 2B) (6,8). The lowest
morality rates are in children and young adults, except
under the age of 10 years, when they are higher (9–11).
Paradoxically, children have tumors of more advanced
stage at the time of diagnosis, with more local and dis-
tant metastases and higher recurrence rates (40%) than
those in middle-aged adults (20%) (Fig. 2B) (9,11–13).
Over 20% of children develop pulmonary metastases
during the course of their disease (6,8,12).

3.1.2 Gender

The incidence of DTC in men is about half that in
women, but their cancer death rates are twice those of
women (Table 2) (3,6). At the time of diagnosis, men
are about three decades older than women and have
twice the frequency of distant metastases and about
30% more local metastases than do women (3).

3.1.3 Family History of Papillary Thyroid Cancer

About 5% of papillary cancers are inherited as an auto-
somal dominant trait, although the responsible gene(s)
has not been identified. They are more aggressive
cancers with a less favorable prognosis than sporadic
papillary cancer (14,15) unless they occur with certain
heritable syndromes such as familial adenomatous pol-
yposis (Gardner’s syndrome) (16), Cowden disease (17,
18), or Carney complex (19). Papillary cancer in these
syndromes occurs at a young age, is bilateral and mul-
ticentric, and has an excellent prognosis (20). Early
diagnosis of thyroid cancer is possible in affected
kindred members.

3.2 Tumor Variables

Certain tumor and histological features have an impor-
tant bearing on prognosis, particularly tumor size,

Figure 2 Tumor recurrence rates in 1,528 patients after a
median of 16.6 years of follow-up. There were 359
recurrences (23.5% of patients). Local recurrence (n = 272,

17.8%) is cervical or mediastinal; distant recurrence (n =
114, 7.5%) is sites outside the neck. (A) Number of patients
with recurrences at 5-year intervals. (B) 40-year recurrence,

distant recurrence, and cancer death rates stratified by age
at the time of initial therapy. Patients (n = 27) with both
local and distant recurrences are shown as distant recur-

rence. (Modified from Ref. 2.)
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invasion of the thyroid capsule, vascular invasion, and
histology.

3.2.1 Genetic Aspects of the Tumor

Several oncogenes are found in DTC, but the most
frequent are a group of somatic rearrangements of
the RET proto-oncogene (21,22). Found in 40–60% of
cases, these oncogenes are primary causal events in
the development of both naturally occurring and radi-
ation-induced papillary cancer (23–26) and are found
in many of the tumors from the children of Chernobyl
(27), especially RET/PTC3. A comprehensive study
(23), however, found that RET rearrangements were
not restricted to malignant or radiation-induced tu-
mors. Earlier studies had suggested that RET/PTC
rearrangements might predict prognosis, but no sig-
nificant correlation was found in this study between
RET/PTC and clinical features or stage of the tumor
(23). Others (28) also have found RET/PTC in benign
Hürthle cell tumors. Nonetheless, its presence in micro-
scopic papillary tumors in humans (29) and laboratory
animals (23) supports an early role for RET/PTC in
papillary carcinogenesis without a tight link to disease
progression. Because RET expression is not strictly
limited to papillary cancer and has no clear effect on
outcome, it has little use as a diagnostic or prognostic
marker (30).

3.2.2 Tumor Size

An isolated primary tumor smaller than about 1.0 cm
in diameter, a microcarcinoma, rarely recurs or causes
death (8). Such tumors often have a stellate appearance,
and when found by serendipity pose no risk; however,
multiple, invasive, and metastatic microscopic tumors
have a less favorable outcome (31). There is a direct
relationship between tumor size and outcome that in-
dependently predicts the risk of recurrence (Fig. 3A),
distant metastases, and death (Fig. 3B) from papillary
and follicular cancer (Table 3) (2,6). Tumor stratified as
1.5 cm, 1.5–4.4 cm, and z4.5 cm caused distant metas-
tases, respectively, in 4, 10, and 17% of our patients and
30-year cancer-specific mortality rates, respectively, of
0.5, 8, and 22% (6). A tumor larger than 4.0 cm portens
a particularly poor outcome, whether it is of papillary
(6,8), follicular (32,33), orHürthle cell histology (34,35),
and a tumor larger than 5.0 cm is highly likely to
produce distant metastases (6). However, the size of a
follicular or Hürthle cell tumor cannot be used to
predict its benign or malignant nature and is of no value
in making intraoperative decisions about the extent of
thyroid resection. For example, a case-control study
(36) found no significant difference in tumor size
between follicular cancers (31.5 F 1.7 mm) and adeno-
mas (30.8 F 1.5 mm). It is not uncommon for small
follicular cancers to produce distant metastases.

Table 2 Risk Stratification of Variables Influencing Cancer Recurrence and Cancer Death

Factors predictive of high risk Factors predictive of moderate-to-low risk

Patient variables

Age <15 years or >45 years Age 15–45 years
Male sex Female sex
Family history of thyroid cancer No family history of thyroid cancer

Tumor variables
Tumor >4 cm in diameter Tumor <4 cm in diameter
Bilateral disease Unilateral disease
Extrathyroidal extension No extrathyroidal extension

Vascular invasion (papillary and follicular cancer) Absence of vascular invasion
Cervical or mediastinal lymph node metastases No lymph node metastases
Certain tumor subtypes: Hürthle cell, tall cell, columnar

cell, diffuse sclerosis, insular variants

Encapsulated papillary thyroid cancer,

papillary microcancer
High histological grade: marked nuclear atypia, tumor
necrosis, and vascular invasion

Low histological grade: absence of nuclear
atypia, tumor necrosis, and vascular invasion

Tumors or metastases that concentrate radioiodine
poorly or not at all

Tumors or metastases that concentrate
radioiodine well

Distant metastases No distant metastases

Source: Modified from the National Comprehensive Cancer Network Guidelines for the diagnosis and treatment of thyroid

cancer (5,6).
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3.2.3 Papillary Microcarcinoma

Histologically malignant, solitary microscopic papil-
lary cancers are clinically benign when they are found
by serendipity in specimens obtained during surgery
for benign thyroid disease (37,38) and require no
further therapy. The recurrence and mortality rates
of such papillary microcancers are near zero (31,39).
However, this tumor must be distinguished from the
20% that are microscopic multifocal tumors that

metastasize to cervical lymph nodes in as many as
60% of the cases (31,40,41). This is a distinctly differ-
ent entity than tumor discovered by serendipity.
Extracapsular lymph node invasion, which is partic-
ularly poor prognostic sign, may occur in patients with
thyroid microcarcinoma, which may lead to distant
metastases and death, even without undifferentiation
of the tumor (31,42). Aggressive microcarcinomas that
occur in a familial setting (14) are multifocal bilateral
tumors with vascular invasion, capable of causing

Table 3 Cox Regression Model on Cancer Recurrence, Distant Metastasis Recurrence, and Death
Due to Thyroid Cancer in 1501 Patients Without Distant Metastases at the Time of Initial Therapy

Variable
Hazard
ratio p-Value

95% Confidence
interval

All cancer recurrence (N = 1501)
Agea 1.0 0.2 0.9–1.3

Local tumor invasion 1.4 0.01 1.1–2.2
Lymph node metastasesb 1.3 0.01 1.1–1.6
Follicular histology 0.8 0.012 0.7–0.96
Tumor sizec 1.2 0.0001 1.1–1.3

Thyroid remnant 131I ablationd 0.8 0.016 0.7–0.97
Therapy with 131Id 0.5 0.0001 0.4–0.6
Surgery more than lobectomye 0.7 0.0001 0.6–0.9

Distant metastasis recurrence (N = 1501)
Agea 1.3 0.0001 1.2–1.5
Follicular histology 1.0 0.864 .8–1.2

Lymph node metastasesb 1.6 0.002 1.2–2.2
Local tumor invasion 1.6 0.927 0.9–2.7
Tumor sizec 1.2 0.001 1.1–1.3

Thyroid remnant 131I ablationd 0.6 0.002 0.5–0.8
Therapy with 131Id 0.4 0.0001 0.2–0.6
Surgery more than lobectomye 0.8 0.379 0.6–1.2

Cancer mortality (N = 1501)

Agea 9.5 0.0001 5.3–17.1
Time to treatmentf 2.4 0.0001 1.5–4.0
Follicular histology 1.4 0.003 1.1–1.8

Lymph node metastasesb 2.0 0.006 1.2–3.4
Tumor sizec 1.2 0.025 1.02–1.3
Local tumor invasion 1.1 0.002 1.0–1.2

Female (vs. male) 0.6 0.046 0.4–0.99
Thyroid remnant 131I ablationd 0.5 0.0001 0.4–0.7
Surgery more than lobectomye 0.5 0.0001 0.4–0.7

Therapy with 131Id 0.4 0.010 0.2–0.8

a Age stratified as 40 years vs. z40 for cancer mortality, and by decade for recurrences and distant recurrences.
b Lymph node metastases present vs. absent.
c Tumor diameter stratified into 1 cm increments from tumors of size 1 cm to >5 cm.
d Remnant ablation is the use of 131I in patients with uptake only in the thyroid bed and no evidence of residual

tumor; therapy with 131I is postoperative treatment of patients with known residual disease.
e Bilateral thyroid surgery vs. lobectomy with or without isthmusectomy.
f Time to treatment V12 months vs. >12 months.

Source: Ref. 2.
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recurrence, pulmonary metastases, and death. More
aggressive treatment and careful follow-up are required
in such cases.

3.2.4 Tumor Invasion of the Thyroid Capsule
or Tumor Capsule

Tumor invading the neck is the second most common
cause of death from DTC, the first being lung metas-
tases. Eight percent of papillary and 12% of follicular
cancers breached the thyroid capsule in our patients (6),
which was an independent predictor of recurrence and
mortality (Table 3) (2). Up to one third of papillary
cancers microscopically penetrate the thyroid capsule
(6,43). Gross invasion typically causes death within a

few years of its discovery. It commonly involves neck
muscles and vessels, recurrent laryngeal nerves, larynx,
pharynx, and esophagus, andmay extend into the spinal
cord and brachial plexus. Invasive tumors have recur-
rence rates that are twice as high andmortality rates that
are nearly 10-fold higher during the first 10 years than
those among patients without this feature (Fig. 4)
(6,8,44,45).

3.2.5 Tumor Multicentricity

Multiple microscopic intraglandular tumors occur in
about 20% of patients with papillary thyroid cancer
when the thyroid is examined routinely and in up to
80% if it is examined with great care (46). Long held to
be intrathyroidal metastases, evidence now shows that
they arise independently in a background of tissue that
is environmentally or genetically susceptible, producing
tumors with different RET/PTC arrangements in the
same gland (29). The implication is that residual thyroid
tissue remaining after initial therapy is highly suscep-
tible to developing new tumor.

Although its prognostic importance is debated, mi-
croscopic tumor multicentricity—a finding that is not
apparent until the final histological sections have been
studied—has a bearing upon prognosis and the decision
to forgo contralateral thyroid lobe resection and rem-
nant ablation (31). It is impossible to predict the pres-
ence of bilateral tumor preoperatively because its rate

Figure 3 Tumor size correlates with (A) cancer recurrence
and (B) cancer-specific mortality. (Updated from Ref. 6.)

Figure 4 Cancer deaths according to the presence or
absence of local tumor invasion. There are 77 cancer-specific
deaths in this analysis. (Updated from Ref. 6.)
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is the same with low- and high-risk tumors* (47,48).
Multifocal disease in one thyroid lobe is almost always
associated with contralateral tumor (43,47,49–57) and
has rates of nodal and distant metastases and a like-
lihood of developing persistent disease that are two to
three times higher than with single tumors (6,57,58).
These data provide strong evidence that multiple intra-
thyroidal tumors are common with both papillary and
follicular thyroid cancer and that their presence is un-
predictable and prognostically unfavorable, leading to
higher rates of tumor persistence and cancer mortality.

3.2.6 Papillary Histology

This is typically an unencapsulated, invasive tumor with
ill-defined margins (8), but about 10% are fully encap-
sulated and associated with an especially good progno-
sis (59). The tumor may develop hemorrhagic necrosis,
making it soft to palpation and yielding a thick brown-
ish fluid on fine needle aspiration (FNA) that may be
mistaken for a benign cyst (60). Most have a typical
architectural appearancewith complex branching papil-
lae and a fibrovascular core covered by a single layer of
tumor cells intermingled with follicular structures,
although some have a pure follicular or trabecular ap-
pearance (61). The term ‘‘mixed papillary-follicular
cancer’’ has no clinical value because the follicular com-
ponent does not alter 131I uptake or prognosis (62). Nu-
clear features are more important than the architectural
appearance in establishing a diagnosis of papillary
cancer. Tumors with a pure follicular pattern but
typical cellular features of papillary cancer are termed
follicular variant papillary cancer, which some pathol-
ogists argue comprise most of the cancers diagnosed as
follicular cancer (63). The distinctive cellular features
of papillary cancer permit its diagnosis by FNA histol-
ogy (64). Intrathyroidal vascular invasion, which has
long been recognized as an important feature predict-
ing poor survival with follicular and Hürthle cell can-
cer, is also prognostically important in papillary cancer
(7). One study (65) found that it was more likely to be
associated with distant metastasis at the time of diag-
nosis (26.1% vs. 2.2%; p = 0.001) and to cause distant
recurrence (20% vs. 3%; p = 0.002) than tumors
without vascular invasion and that extrathyroidal vas-
cular invasion was associated with an even higher

incidence of distant metastases at the time of diag-
nosis (40%).

Subclassification of Papillary Histology. Histologi-
cal subclassifications have a bearing upon prognosis
(Table 2). One study found that 55% of the cases of
DTC were of the usual type, whereas 27% showed com-
plex histological features with different histological
components and 18% were diagnosed as specific sub-
types (7). Tall cell cancers often show tumor necrosis
and vascular invasion. Tumors with solid areas also
have an increased incidence of mitotic figures and
vascular invasion (7). Patients with tall cell or columnar
cell tumors usually have reduced survival. One mul-
tivariate analysis showed, however, that tumor size and
histological grade (marked nuc- lear atypia, tumor
necrosis, and vascular invasion) were prognostically
more important than tumor subtype (7).

Follicular Variant Papillary Thyroid Cancer. About
10% of papillary cancers have microfollicular pattern
indistinguishable from follicular cancer with nuclear
features of papillary cancer on FNA cytology and
histological sections (46,64). Its prognosis is reported
by some to be similar to that of typical papillary cancer
by others to be more unfavorable with more metastases
(64,66,67).

Diffuse Follicular Variant Papillary Thyroid Cancer.
This uncommon tumor may be confused with multi-
nodular goiter or macrofollicular adenoma on frozen
section (67). It occurs in women with goiter, often with
hyperthyroidism. Most have distant metastases with
very high mortality rates (67).

Tall Cell Variant. About 10% of papillary cancers
have papillae with cells that are twice as tall as they are
wide and that comprise 30% or more of the tumor (67).
Compared with typical papillary cancer, this tumor
appears about two decades later (mid-50s), is larger
and more often associated with local invasion and dis-
tant metastases that lack 131I uptake, and has mortality
rates up to threefold higher (17,64,67). It can be iden-
tified by FNA cytology and often expresses the p53
oncogene (17).

Columnar Cell Variant. Found mainly in men,
this rare tumor is composed of rectangular cells with
clear cytoplasm (67). Over 90% have metastases that
are unresponsive to 131I, resulting in death in most
patients (64,67). Encapsulated tumors have a better
prognosis (59).

*In this study (47) low risk was defined as tumor confined to

the thyroid gland, age less than 45 years, tumor smaller than
2 cm, and no lymph nodes, and high risk as age over 45 years,
tumor 2 cm or larger, or positive lymph nodes.
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Diffuse Sclerosing Variant. About 5% of sponta-
neously occurring papillary cancers and about 10% of
tumors among the children of Chernobyl are of this
type (64,67,68). It usually presents as a goiter with
extensive squamous metaplasia, sclerosis, psammoma
bodies, and abundant lymphatic invasion involving
the entire thyroid. Metastases to cervical nodes occur
in almost all patients and to lung in about 25% of pa-
tients (64,67). FNA cytology shows squamous meta-
plasia, inflammatory cells, and psammoma bodies, but
may be mistaken for thyroiditis. Although local and
pulmonary metastases are more frequent than usual,
there is some disagreement about whether its long-term
prognosis is worse than that of typical papillary thyroid
cancer (64,67).

Solid or Trabecular Variant. This tumor has a
predominantly (>75%) solid architectural pattern but
maintains the typical nuclear features of papillary thy-
roid cancer. It has a tendency for extrathyroidal spread
and lung metastases that impart a poor prognosis
(64,67), but some find it more common in children in
whom its prognosis is the same as that of typical pap-
illary thyroid cancer (69).

Oxyphilic (Hürthle Cell) Papillary Variant. About
2% of papillary thyroid cancers have Hürthle cell (oxy-
philic) features (70). Some have a familial occurrence
and are multicentric (71). It cannot be identified as
papillary cancer byFNAbut is recognize by its papillary
architecture on the histological sections. Compared
with typical papillary cancer, it has higher recurrence
and mortality rates (64,70).

3.2.7 Follicular Histology

Usually a solitary encapsulated tumor with a micro-
follicular histological pattern, its malignant nature is
identified by capsular and vascular invasion by tumor,
but this applies only to vessels in or beyond the tumor
capsule, since tumor in capillaries within the tumor has
no diagnostic or prognostic importance (72). Highly
invasive tumors extend into surrounding tissues, caus-
ing metastases in 80% of patients and producing high
mortality rates (73). Most, however, are encapsulated,
minimally invasive cancers that closely resemble follic-
ular adenomas. FNA is often not diagnostic, showing
normal or atypical follicular cells with little or no colloid
that is reported as indeterminate or as a follicular neo-
plasm, requiring surgery to establish the diagnosis (5).
The distinction between follicular adenoma and cancer

usually is made only on the permanent histological
sections of 10 or more samples of the tumor periphery
and not by frozen section study (72).

Vascular invasion has a worse prognosis than cap-
sular invasion alone (74), and minimally invasive tu-
mors almost neer metastasize or cause death (33,43,73),
although there is disagreement about the diagnostic
criteria for this tumor. LiVolsi (72) indicates that for
this diagnosis the minimum criteria are invasion of
the capsule, invasion through the capsule, and invasion
into veins in or beyond the capsule. Others (75) base the
diagnosis on small-to-medium vessel invasion or capsu-
lar invasion up to full thickness, without parenchymal
tumor extension or necrosis; however, patients meeting
these criteria developed recurrent disease, and one died
with disease. Thus, diagnostic uncertainty often exists
that may require multiple opinions to resolve, which
poses a serious management predicament at the time of
initial surgery (76,77).

3.2.8 Hürthle Cell Histology

Although often considered variants of follicular cancer
(78,79), a malignant tumor consisting mainly (75% or
more) of Hürthle (oncocytic) cells is usually classified as
Hürthle cell cancer (80), the diagnostic criteria for which
are identical to those of follicular cancer except for its
cellular features (72). A subset exhibits RET/PTC rear-
rangements, supporting classification of Hürthle cell
tumors into three groups: Hürthle adenomas, Hürthle
cancers, and Hürthle cell papillary thyroid cancers (28).
Because Hürthle cell cancers comprise only about 3%
of thyroid cancers (Table 1), relatively few large series
have been reported to provide guidance about therapy
(70,79,81–89). Some consider them to be aggressive and
unpredictable tumors with mortality rates as high as
25% (90), whereas others find them no more aggressive
than similarly staged follicular cancers (79,89). How-
ever, most data support the latter view. Large series
report pulmonary metastases in 25–35% of Hürthle cell
cancers, about twice the rate of follicular cancer (91,92).
Ten-year relative survival was 76% for 1585 patients
with Hürthle cell cancer compared with 85% for 6764
patients with follicular cancer (Table 1) (1). Hürthle cell
papillary cancer, which is uncommon, has higher than
usual recurrence and mortality rates (70).

Management difficulties are highlighted by reports of
recurrent Hürthle cancer from tumors first classified as
adenomas (83). Cytology specimens typically show
clusters of Hürthle cells with no colloid and are reported
as indeterminate or suspicious, which also can be seen in
Hashimoto’s thyroiditis. Many are minimally invasive
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encapsulated Hürthle cell cancers that closely resemble
Hürthle cell adenomas (76). One large study (82) cate-
gorized Hürthle cell tumors into three groups: tumors
of uncertain malignant or benign status with partial tu-
mor capsular invasion but no vascular invasion, mini-
mally invasive cancers with a single focus of complete
capsular invasion or vascular invasion or both, and
widely invasive cancers with more than one focus of
complete capsular or vascular invasion or both. After a
median follow-up of 8 years only those with widely
invasive cancers had local recurrences (73%), metasta-
ses (64%), or died of cancer (54%). The median size of
invasive tumors was 4.5 cm, compared with 3.0 cm in
the others. Factors associated with a poor survival were
extrathyroidal extension of the tumor and lymph node
metastases (82).

3.2.9 Insular Thyroid Cancer

About 5% of thyroid cancers have solid clusters of cells
with small follicles that resemble pancreatic islet cells
but contain Tg. This should be considered as a separate
follicular epithelial tumor rather than a variant of pap-
illary or follicular cancer (72). It is unusually large and
invasive, and compared with papillary cancer it occurs
at an older age with fewer neck metastases but more
distant metastases and has about a threefold higher
mortality rate (17). It displays aggressive behavior in
children but in young patients is usually is responsive to
thyroidectomy and 131I therapy (93).

3.2.10 Thyroglossal Duct Tumors

Tyroglossal duct cysts are common in children but also
are estimated to occur in about 7% of adults (94).
Found anywhere from the base of the tongue to the
manubrium, they are usually in the midline superior to
the thyroid or less frequently in the lateral anterior neck
(95) or rarely within the thyroid gland itself (96,97).
About 1% are complicated by malignancy (98), usually
in adults (99). Only about 150 cases have been reported
(100), but 90% are papillary cancers and the rest are
Hürthle cell, squamous, follicular, insular, epidermoid,
or anaplastic thyroid cancers (98,101). When the thy-
roid gland is also resected, about 10% contain malig-
nant foci, indicating that some thyroglossal tumors are
metastases from the thyroid (98). Malignant tumors are
almost always small and confined to the thyroglossal
cyst, with clinical characteristic of a small incidental
microcarcinoma. Nonetheless, a few are large and in-
vasive (102,103) or metastatic to regional lymph nodes
(101,104,105), and at least one has been reported in a
44-year old woman with a thyroglossal papillary thy-

roid cancer who developed metastases and died of
disease despite having undergone a Sistrunk operation,
local excision of a recurrence, and thyroidectomy,
although her thyroid showed no histological foci of
cancer (106).

Malignancy should be suspected when the thyroglos-
sal cyst is hard, fixed, or associated with cervical lymph
node enlargement. Neck CT, MRI, or ultrasonography
may show a small mass within the wall of a cyst, a solid
mass in the course of a thyroglossal duct, or a complex
invasive midline neck mass, or calcification in a thyro-
glossal papillary thyroid cancer or metastatic node
(102). The diagnosis can be made with FNA; however,
diagnostic difficulties are common despite the well
defined criteria for identifying papillary cancer within
a thyroglossal cyst (94). In one review (94) of 17 cases of
in which an FNA diagnosis of thyroglossal cyst papil-
lary cancer had been made, the true-positive rate was
53%and the false-negative rate was 47%. Inmany false-
negative cases fluid was simply aspirated without fur-
ther study.

3.2.11 Regional Metastases

In one review (8) lymph node metastases were reported
in 36% of 8029 adults with papillary cancer and in 17%
of 1540 patients with follicular cancer, although some
were likely follicular variant papillary cancers. Nodal
metastases occur in up to 80%of children with papillary
cancer (9,13,107). A palpable cervical lymph node, often
the first sign of malignancy, is usually associated with
multiple nodal metastases at surgery (108).

The prognostic importance of regional lymph node
metastases is debated. Some find they have no impact
on recurrence or survival (32,109–112), whereas many
others find nodal metastases are a risk for tumor
recurrence and cancer-specific mortality and that they
correlate well distant metastases, especially if they are
bilateral cervical or metastases or if tumor invades the
lymph node capsule (6,41,113–119). One study found
that 15% of patients with and none without cervical
node metastases died of disease (120). Another study
of patients with distant metastases from papillary can-
cer found that 80% had mediastinal node metastases
when cancer was first diagnosed (121). Patients with
DTC in our study who had cervical or mediastinal
lymph node metastases had higher 30-year cancer
mortality rates than those without them (10% vs.
6%; p < 0.01) (6). Nodal metastases were an indepen-
dent and significant variable predicting tumor recur-
rence, distant recurrence, and cancer-specific mortality
(Table 3) (6).
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3.2.12 Distant Metastases

Distant metastases are the main cause of death from
DTC. Almost 10% of papillary cancers and 25% of
follicular cancers cause distantmetastases, half of which
are present when the cancer is diagnosed (8). They occur
most often with Hürthle cell cancer (35%) and after age
40 (92,122). Among 1231 patients in 13 studies, the
metastatic sites were lung (49%), bone (25%), or both
(15%), and central nervous system or other soft tissues
(10%) (8). Bone metastases are more common after age
45 and are usually multicentric (123). The causes of
cancer death in one study (124) were respiratory insuffi-
ciency from lungmetastasis (43%),massive hemorrhage
(15%), airway obstruction (13%) by tumor, and circu-
latory failure (15%) and from compression of the vena
cava by mediastinal or sternal metastases. In our study,
27% of the distant metastases were found at the time of
initial diagnosis of cancer, and 73% were detected 1 to
48 years later (6).

Although some patients with distant metastases sur-
vive for decades, especially younger patients, about half
die within 5 years regardless of tumor histology (8). A
patient’s age, metastatic sites, and whether the tumor
concentrates 131I influence outcome (92,122,125–127).
In one study (128) survival rates with distant metastases
were 53% at 5 years, 38% at 10 years, and 30% at 15
years but were longest in young patients with lung
metastases (128). In another study (129) half the
patients were alive at 10 years when distant metastases
were confined to the lung. Finding lungmetastases at an
early stage is associated with an even longer survival
(130). Tumor bulk is second only to patient age as a
predictor of death (131). Large tumors tend not to
concentrate 131I. For example, one study (131) found
that tumor concentrated 131I in 95% of patients with
lung metastases associated with a normal chest x-ray,
in 88% of patients with micronodular disease seen on
x-ray, and in 37% with macronodular disease (131).
Survival is best when diffuse lung metastases are seen
only on a post–131I imaging, especially if seen only on
a post-131I treatment whole-body scan (RxWBS)
(125,126,128,132). Survival with small (<1 cm) lung
metastases is intermediate when they are seen chest x-
ray and concentrate 131I and is worst when they are
larger and do not concentrate 131I (92,122,125). One
study (131) found that complete responses to treatment
occurred in 82% of patients with pulmonary or bone
metastases with a normal radiograph compared with
only 15%with an abnormal radiograph. Together these
observations provide a strong argument for early detec-
tion and treatment of metastases.

4 CURRENT TRENDS AND OTHER

IMPORTANT FACTORS RELATED TO

SELECTION AND TIMING OF THERAPY

4.1 Delay in Therapy

There is wide agreement that FNA should be the first
test to do in a euthyroid patient with a thyroid nodule
(5); however, it was not done in about 40% of 5584
thyroid cancer cases undergoing surgery in the United
States (133) during 1996 and was obtained in only
27.4% of 2537 patients treated in Germany (134).
Surveys of North American endocrinologists, however,
show that they regularly perform FNA early and rely
heavily on its results to make a decision (135), but they
choose surgery when there is a strong clinical suspicion
of thyroid cancer even if the FNA is negative. However,
patients managed by primary care physicians and sur-
geons may undergo a delay in diagnosis, which in one
study (136) was 12 months or longer in almost 30% of
the cases, which has the potential to increase mortality
rates in those with malignant thyroid nodules.

A strong correlation exists between delay in diagno-
sis and cancermortality rates (Fig. 5).Median time from
the first clinical manifestation of a malignant nodule to
initial therapy in our study (6) was 4 months among
those who survived and 18 months in patients who died
of cancer ( p<0.001); when therapy was delayed longer

Figure 5 Cancer deaths according to time elapsed from

first clinical manifestation of the tumor to initial therapy.
There are 77 cancer-specific deaths in this analysis, and each
data point represents 1 or more patients. (Updated from
Ref. 6.)

Mazzaferri166



than a year, 30-year cancer mortality rates more than
doubled compared with the rates in patients without a
delay in therapy (13% vs. 6%; p < 0.001), tumor stage
was more advanced, and the incidence of distant meta-
stases found at the time of diagnosis more than doubled.
A delay longer than 12 months was an independent risk
factor related to tumor recurrence, distant metastases,
and survival (6). In another study (54), when completion
thyroidectomy was delayed for more than 6 months,
mortality rates were significantly higher than when it
was done within 6 months of initial surgery.

4.2 Tumor Staging and Clinical Staging Systems

Clinical staging systems designed to assess risk of
thyroid cancer mortality—mainly derived from multi-
variate analyses of tumor stage and age—accurately
predict risk of cancer death in some patients (111,137–
143). Important examples* are the EORTC (European
Organization for Research on Treatment of Cancer)
scheme (144), the American Joint Committee on Can-
cer/International Union Against Cancer (AJCC/UICC
TNM) (Table 4) system, the AMES (Age-Metastasis-
Extent-Size) system (145) the AGES (Age-Grade-
Extent-Size) system (142), andMACIS systems (Metas-
tasis-Age-Completeness of resection, Invasion-Size)
(111). When applied to papillary cancer data, four of
the schemes that use age (EORTC, TNM, AMES,
AGES) clearly separated 20-year cancer mortality rates
among low-risk patients (1%) and high-risk patients
(30–40%) (142), reflecting low cancer mortality rates
under age 40 years (Fig. 2B) (139,146). A study that
classified 269 patients with papillary cancer according to
five prognostic scoring schemes found that some
patients in the lowest risk group for each scheme died
of cancer (139). Another study (124) found that over
10% of the patients dying of DTC had a TNM classi-

fication of 1 or 2 according to the AJCC/UICC staging
system (137). This is an especially serious problem when
risk is simply dichotomously categorized as low or high
(137). When mortality risk in 1528 of our patients
(median age 34 yr) was assessed according to the AMES
criteria, 45-year mortality rates of low-risk and high-
risk patients were 4.8% and 33.1%, respectively ( p<
0.0001) (Fig. 6A). As noted by the authors (145) of this
prognostic scoring system, almost all patients are low
risk by AMES criteria (Fig. 6B) and the actuarial death
rates are low, but as seen in our analysis the numbers
of deaths in the low-risk (n = 37) and high-risk groups
(n = 40) are nearly identical (Fig. 6B, lower panel).

A second serious problem using age to assess risk is
that cancer-free survival cannot be accurately predicted
because young patients have high rates of cancer recur-
rence, often in the lung (Fig. 2B). Using AMES staging
criteria, 35-year cancer recurrence rates were higher
among our patients at low risk than those at high risk
(56.8% vs. 35.2%; p< 0.001) (Fig. 6A, lower panel).
There were 302 recurrences in low-risk patients and only
57 among high-risk patients (Fig. 6B, upper panel), of
which 89 and 25 were distant metastases in the two
groups, respectively (Fig. 6C). TheAJCC/UICC staging
system yields similar results for cancer deaths and
recurrences; distant metastases after initial therapy,
for example, occurred in 53, 29, and 21 patients strati-
fied, respectively, as stage 1, 2, or 3 according to this
classification (Fig. 6C).

Almost none of the multivariate analyses used to
construct the various clinical staging systems take into
account the effects of therapy, tacitly assuming that
treatment does not alter outcome. This shortcoming
was recognized by the authors of the original EORTC
staging system for thyroid cancer (141), who stated:
‘‘Since we have ignored therapy in these analyses, we

*EORTC: Age in years +12 if male, +10 if medullary, +10 if
poorly differentiated follicular, +45 if anaplastic, +10 if
extending beyond thyroid, +15 if one distant metastasis, +30

if multiple distantmetastases.TNM: see Table 4.AMES: High
risk is female > 50 years, male > 40 years, tumor >5 cm (if
older age), distant metastases, substantial extension beyond
tumor capsule (follicular) or gland capsule (papillary). AGES

is calculated from 0.5 � age in years (if >40), +1 (if grade 2),
+3 (if grade 3 or 4), +1 (if extrathyroidal), +3 (if distant
spread), +0.2 � maximum tumor diameter. MACIS is equal

to 3.1 if agedV39 years or 0.08 x age if agedz40 years,+0.3�
tumor size in centimeters, +1 if incompletely resected, +1 (if
locally invasive), +3 (if distant metastases present).

Table 4 AJCC/UICC TNM Staging System

Papillary or follicular

Stage <45 years z45 years Medullary

I M0 T1 T1

II M1 T2–3 T2–4

III T4 or N1 N1

IV M1 M1

T, primary tumor, T1, <1 cm; T2, z1–4 cm; T3, >4 cm; T4, exten-

tion beyond thyroid capsule; N, regional lymph nodes; N1, regional

lymph node metastases (cervical and upper mediastinal nodes); M,

distant metastases; M0, no distant metastases; M1, distant metastases

present.

Source: Ref. 137.
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Figure 6 Outcome according to AMES Scoring System (see text) in 1528 patients reported in Ref. 6. (A) Cumulative cancer
recurrence rates (upper) and cancer-specific mortality (lower). (B) Proportion of patients categorized as low risk and high risk by

AMES criteria (upper panel); number of patients experiencing cancer recurrence (middle panel) and cancer death (lower panel).
(C) Number of patients developing distant metastases according to AMES or AJCC/UICC (TNM) clinical staging systems.
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must admit the possibility that the effects of therapy, if
taken into account, might alter the importance of some
prognostic factors. Technically, one is entitled to ignore
therapy in studying prognostic factors only if it is
known that therapy has no effect on the natural history
of the disease. This is probably not the case in thyroid
cancer.’’ Subsequent authors have largely ignored this
(32,111,142,143). Thus, prognostic staging schemes do
not permit the surgeon to make meaningful decisions
for individual patients at the time of surgery based on
risk group.

4.3 Current Practice in the United States and Europe

Six studies shed light upon current practice in theUnited
States and Europe. At an international symposium held
in 1987 in The Netherlands, 160 surgeons, endocrinol-
ogists, pathologists, and nuclear medicine specialists
recommended total thyroidectomy followed by post-
operative 131I thyroid remnant ablation for most
patients with DTC, regardless of their age (147). Hemi-
thyroidectomy alone was considered sufficient therapy
only for tumors confined to one lobe if they were papil-
lary cancers with or without ipsilateral nodal metastases
or follicular cancers with minimal capsular invasion.

The second study was based upon the responses of
157 thyroid experts from around the world to a ques-
tionnaire concerning management of a patient with a
solitary thyroid nodule (148). Total or near-total thy-
roidectomy was recommended for papillary cancer by
60% and for follicular cancer by 74% of the respond-
ents. Most did not alter the extent of surgery according
to the histological type of the tumor. Thyroid remnant
ablation with 131I was advised for papillary cancer by
81% and for follicular thyroid cancer by 97% of the
respondents. Almost all recommended postoperative
suppression of TSH with T4 and serum Tg determina-
tions during follow-up.

The third study was based upon the responses of the
clinical members of the American Thyroid Association
to a questionnaire about their long-termmanagement of
a patient with papillary thyroid cancer (149). Most
recommended near-total thyroidectomy and 131I abla-
tion, and almost everyone preferred long-term T4 ther-
apy in doses sufficient to lower the TSH levels from 0.01
to 0.5 AU/mL. The majority did not alter treatment for
any of the following: a history of radiation, extremes of
age, nodule smaller than 1 cm,multiple tumor foci in the
contralateral lobe, or nodule capsular invasion.

The fourth study reviewed 5584 cases of thyroid can-
cer treated in the United States during 1996 (133). The
vast majority of patients presented with AJCC/UICC

stage 1 or 2 tumors (72% of papillary and 70.7% of
follicular cancers). Near-total or total thyroidectomy
without lymph node dissection (LND)was performed in
77.4%ofpapillary, 68.2%of follicular, and75%ofHür-
thle cell cancers. The frequency of T4 suppression of
TSHandradioiodine therapywasuncertainbecauseout-
patient follow-up was incomplete. Surgeons in the Uni-
ted States thus choose total or near-total thyroidectomy
for most patients with DTC, regardless of tumor stage.

The sixth study (134) analyzed patterns of care for
2537 patients with DTC treated in Germany during
1996. Patients were staged according to the AJCC/
UICC clinical staging system. More than 50% of the
patients with papillary cancer were at stage 1, and 37–
39% of the follicular cancer patients were, respectively,
at stages 1 and 2. The single most common procedure
was near-total thyroidectomy without LND. Total or
near-total thyroidectomy, with or without LND, was
done for 90%of papillary and 89%of follicular cancers.
Paradoxically, 2% of patients at stage 1 were treated
with a lobectomy, but 23% underwent a radica neck
dissection, whereas 33% at stage 4 underwent a total
thyroidectomy without LND. After surgery 131I was
used in 80% of patients with stage 1, almost 90% with
stages 2–4 papillary thyroid cancer, and in over 90%
with follicular cancer, regardless of stage. External
beam radiation was added to the treatment regimen
formany patients diagnosed as having stage 3 or 4 (30%
with papillary cancer and 33% with follicular cancer).

4.4 National Comprehensive Cancer Network

Guidelines

A panel of experts from 17 National Comprehensive
Cancer Network (NCCN) institutions, who first con-
vened in 1998–1999 to discuss the diagnosis and treat-
ment of thyroid cancer, wrote the most explicit clinical
guidelines for the management this disease (5). Offered
in lieu of prospective randomized trials, the guidelines
reflect some disagreement about the initial management
of T2N0 papillary cancers (single primary tumor 1–4 cm
without regional lymph node metastases), mainly
because several members (32) are strong proponents
of lobectomy without 131I therapy for such patients, a
position held by the minority of the panelists. Nonethe-
less, this review must be considered when addressing a
choice of surgical and medical therapy.

5 INITIAL SURGERY

Debate continues to center on the extent of thyroidec-
tomy that is optimal, particularly for patient for
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patients with single primary tumors between 1 and 3 cm
confined to the thyroid gland and without histological
characteristics threatening a poor prognosis (113). In
most cases this decision must be made preoperatively,
which leaves the surgeon vulnerable to performing
surgery on the basis of incomplete information about
the histological characteristics of the tumor, particu-
larly if FNA has not been performed.

5.1 Frozen Section Studies at Surgery

FNA has a high sensitivity and specificity for the
diagnosis of papillary (150) but not for follicular cancer
(85). Thus, total thyroidectomy can be done without
frozen section (FS) when the FNA is positive for cancer
(151,152). One study (152) of 240 patients who under-
went surgery for nodular thyroid disease found that the
test characteristics of FNA and FS were equally accu-
rate for identifying thyroid cancer: the sensitivity of
FNAB and FS was 67%, the specificity 99%, and the
accuracy 89%; the positive predictive value was 96% for
FNAB and 98% for FS; the negative predictive values
were 88% and 87%, respectively. FNA cytology, des-
ignated as a ‘‘follicular neoplasm,’’ is rarely resolved by
FS study (153). A prospective randomized study (154) in
which FS was or was not performed found that for vast
majority of patients (96.4%) with follicular neoplasms,
FS was neither informative nor cost-effective, nor were
there significant differences in surgical times or total
hospital charges; however, the cost attributable to each
diagnosis FS was about $12,470. These analyses show
that FS is not necessary when FNA cytology is malig-
nant, and when the result is uncertain, routine FS
should be omitted and patients should undergo com-
pletion thyroidectomy based on the final histology
(152,155,156).

5.2 Subtotal Lobectomy

Resection of less than a thyroid lobe, sometimes done as
a nodulectomy, is inadequate therapy for a thyroid
nodule and is not the current standard of practice
(64,157). Even microscopic thyroid cancer requires
more surgery than subtotal lobectomy (31,37,39).

5.3 Ipsilateral Lobectomy and Isthmusectomy

Versus Total

Although many surgeons perform a procedure called
near-total thyroidectomy, its definition is open-ended,
leaving much doubt as to the actual extent of surgery
and the amount of thyroid tissue left behind. This is why

the NCCN guidelines avoid this term (5). As a practical
matter, a small amount of thyroid tissue almost always
remains in the thyroid bed after total thyroidectomy,
most commonly on the contralateral side in the tracheo-
esophageal grove. A thyroid remnant of 1 or 2 cm2 (1–2
g) does not interfere with thyroid 131I ablation, but
larger amounts are more difficult to ablate with 131I.

The debate concerning the extent of surgery centers
on the importance assigned to patient age in prognosis
scoring systems (see tumor staging above) (158). For
example, Hay et al. (159) reported in 1987 that survival
was not demonstrably improved when patients under-
went more than ipsilateral lobectomy at the Mayo
Clinic for low-risk papillary cancers (MACIS score <
3.99) and concluded that such extensive surgery was
indicated only for those with higher MACIS scores. In
1998, however, Hay et al. (160) changed this recom-
mendation after comparing outcome with unilateral or
bilateral lobectomy for low-risk papillary cancer
according to the AMES criteria. Although there were
no significant differences in cancer mortality or distant
metastasis rates between the two surgical groups, 20-
year rates for local recurrence and nodalmetastasis after
unilateral lobectomy were high—respectively, 14% and
19%—significantly more ( p=0.0001) than the 2% and
6% rates seen after bilateral thyroid lobe resection. On
the basis of this study,Hay et al. concluded that bilateral
thyroid resection is the preferable initial surgical
approach to patients with low-risk papillary cancer.
Some do not concur with this view, justifying unilateral
lobectomy for nearly all patients with papillary and
follicular thyroid cancer simply on the basis of the low
mortality rates in patients categorized as low risk by the
AMES, TNM, or other classification schemes (which is
themajority of patients) and the high complication rates
with more extensive thyroidectomy (32,145).

It is a bit more difficult to demonstrate that the extent
of surgery influences survival with DTC, although there
is considerable proof that it influences disease-free
survival (139,160). Patients with primary tumors larger
than 1.5 cm in our study who underwent total or near-
total thyroidectomy or less surgery, respectively, had
30-year recurrence rates of 28.3.1% and 43.7%, ( p =
0.003) (Fig. 7A) and 30-year cancer-specific mortality
rates, respectively, of 6.6% and 13.5% ( p= 0.03) (Fig.
7B). Multivariate analysis disclosed that the extent of
surgery was an independent variable that significantly
influenced tumor recurrence and cancer-specific mortal-
ity rates (Table 3) (2,6).Many others also report the rate
of tumor recurrence or locally persistent disease is
higher following surgery involving less than near-total
thyroidectomy (161).
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Most physicians and surgeons believe that the pri-
mary treatment of DTC is total or near-total thyroidec-
tomy followed by 131I ablation of uptake in the thyroid
bed for any patient in whom papillary, follicular, or
Hürthle cell cancer is diagnosed preoperatively or at
surgery (see contemporary views above) (2,162–164),
even in children and young adults with low-risk tumors
(160,165–167). Exceptions are isolated papillary thyroid
cancers confined to the thyroid that are smaller than
about 1 cm and minimally invasive follicular or Hürthle
cell cancers smaller than about 4 cm. Lobectomy is
adequate surgery when a papillary microcarcinoma is
discovered serendipitously on thefinal pathology studies

of surgery done for benign disease, providing the patient
has not been exposed to radiation and has no other risk
factors and has a truly low-risk cancer, i.e., a tumor
smaller than 1 cm that is unifocal and confined to the
thyroid without vascular invasion (6,31,37). Complica-
tions with lobectomyare few, and survival in this latter
group is virtually assured (6,31,37,39).

Postoperative treatment with 131I obscures the ther-
apeutic influence of surgery (139); however, when the
extent of thyroidectomy with and without the use of 131I
ablation was analyzed in our patients, treatment with
total thyroidectomy with 131I therapy was associated
with the lowest recurrence rates (Fig. 8).

5.4 Surgery for Follicular and Hürthle Cell Neoplasms

Although some find frozen section study at the time of
surgery helpful in the diagnosis follicular or Hürthle cell
cancer (168), it has not proved useful in the hands of
most pathologists, mainly because it is specific but not
sensitive in diagnosing follicular or Hürthle cell cancer
(72,169–171). Because the distinction between follicular
or Hürthle cell adenomas and cancers can be made only
by review of the permanent histological sections, most
guidelines call for lobectomy with the caveat that com-

Figure 8 Tumor recurrence after thyroid surgery and
thyroid hormone therapy with and without 131I therapy.
Total thyroidectomy includes subtotal thyroidectomy (ipsi-
lateral lobectomy, isthmusectomy, and near-total contrala-

teral lobectomy); subtotal thyroidectomy is lobectomy within
or without isthmusectomy. Patients undergoing total thyroid-
ectomy had more advanced tumor stage than those un-

dergoing subtotal thyroidectomy (ANOVA p < 0.001).
(Modified from Ref. 2.)

Figure 7 (A) Cancer recurrence and (B) cancer-specific
mortality in 939 patients undergoing total or near-total thy-

roidectomy compared with patients undergoing less surgery.
p-Values are from log rank analysis of life table data. (Upda-
ted from Ref. 6.)
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pletion thyroidectomy may be necessary for some min-
imally invasive follicular and Hürthle cell cancers (5).

To help solve the problem of clinical management of
minimally invasive follicular and Hürthle cancers, at-
tempts have been made to predict malignancy based
upon the clinical and pathological feature of a tumor.
Although some believe that patient age and tumor size
are not different enough in minimally invasive cancers
and adenomas to reliably select patients for more exten-
sive thyroidectomy on this basis (83,84), others suggest
that tumor size is especially important in making intra-
operative decisions. In one study, however, patients
with Hürthle cell adenomas and cancers did not differ
with respect to the patient’s age, sex, or history of head
and neck irradiation, though patients with cancer had
significantly larger tumors (4.0 F 0.4 vs. 2.4 F 0.2 cm;
p < 0.005) (85). Although the incidence of malignancy
in this study was 65% among tumors 4 cm or larger, it
was 17% for tumors 1 cmor smaller and 23%for tumors
1–4 cm, emphasizing that small tumor size does not ex-
clude cancer, but suggesting that resection of both
thyroid lobes during the initial surgery should be con-
sidered for tumors with indeterminate cytology that are
larger than 4 cm because they are so likely to be
malignant (85).

5.5 Surgery for Thyroglossal Duct Neoplasms

There is some controversy concerning the optimal
treatment of papillary cancer within a thyroglossal
duct. Because the cancer is almost always small and
usually has a benign course (172), many suggest that if
the thyroid is normal and there are no other risk factors
for recurrence, then the thyroglossal duct remnant
should be removed by local excision using a Sistrunk
procedure (100,173,174). Others argue for a more
aggressive approach with total thyroidectomy and Sis-
trunk procedure because nodal metastases, local inva-
sion, and microscopic intrathyroidal tumor aae not
infrequently present (101,175). Microcancers require
only local excision; however, thyroidectomy should be
considered for tumors larger than 1 cm or if the
histology is other than papillary thyroid cancer and if
it is invasive or metastatic.

5.6 Completion Thyroidectomy

A large thyroid remnant hampers long-term follow-up
with serum Tg determinations and whole-body 131I
scans, and the decision to forgo completion thyroidec-
tomy must be discussed with the patient in this light. In
practice, many patients have substantial thyroid rem-
nants when evaluated by DxWBS (176) and Tg meas-

urements, even after reportedly undergoing total or
near-total thyroidectomy. Thyroid ultrasound is partic-
ularly useful when the extent of surgery is uncertain,
since leaving a thyroid remnant smaller than 2 g (2 cm2)
facilitates postoperative 131I ablation (177).

Residual tumor in the contralateral lobe cannot be
predicted on the basis of a patient’s clinical stage, and its
prompt resection with completion of the thyroidectomy
plays an important role in outcome. Contralateral pap-
illary cancer is found frequently at completion thyroid-
ectomy regardless of whether the patient appears to be
at low or high risk of a poor outcome. A study (47) of
182 patients with papillary cancer undergoing comple-
tion thyroidectomy found that 44% had one or more
tumor foci in the contralateral resected lobe, which was
associated with ipsilateral lymph node metastases in 22
cases; however, 10 others had contralateral lymph node
metastases without tumor foci in the contralateral lobe.
The presence of lymph node metastases in the first
surgical specimen and the time interval between the first
surgery and completion thyroidectomy (6 months) in
this study correlated with a higher frequency of bilater-
ality ( p = 0.033 and p = 0.044, respectively). Postsur-
gical 131I WBSs in this study (47) revealed persistent
lymph node metastases in 7 patients and diffuse micro-
nodular lung metastases in 6 that were inapparent
before the patients underwent completion thyroidec-
tomy. Another study (54) showed that patients who
underwent completion thyroidectomy within 6 months
of their primary operation developed significantly
fewer lymph node metastases and hematogenous re-
currences and survived significantly longer than those
in whom the second operation was delayed for longer
than 6 months. Accordingly, tumor in the contrala-
teral lobe cannot be regarded as a clinically benign
finding akin to microscopic papillary cancer found by
serendipity during thyroidectomy for benign disease.
When completion thyroidectomy is performed for any
primary tumor larger than 1 cm, residual cancer is
found in the contralateral lobe in over half the pap-
illary cancers and almost 40% of follicular cancers,
whether or not the ipsilateral lobe tumor appeared
multicentric (Table 5) (178). Although some find few
recurrences in the contralateral lobe and argue that
multiple microscopic tumors are inconsequencial
(32,179), others report recurrence rates of 5–20% in
the contralateral lobe and a higher incidence of pul-
monary metastases after hemithyroidectomy than
after total thyroidectomy (113). In our study (2)
almost 4% (55 patients) had recurrence in the con-
tralateral thyroid lobe, with or without regional lymph
node metastases, and 5% (3 patients) of this group
died of cancer.
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Thus, when subtotal thyroidectomy has been per-
formed, it is best to consider completion thyroidectomy
for lesions that are anticipated to have any potential for
recurrence. Treatment with 131I is a poor substitute for
surgery on the contralateral lobe because large thyroid
remnants are difficult to ablate with 131I (177). Com-
pletion thyroidectomy has a low complication rate and
is thus appropriate to perform routinely for aggressive
thyroid cancer variants, for patients with metastatic
disease, or with papillary cancers larger than 1 cm, or
minimally invasive follicular or Hürthle tumors larger
than 4.0 cm and for those with follicular tumors with
more than minimal capsular invasion, or multifocal
cancers of any size because so many patients have re-
sidual cancer in the contralateral thyroid lobe (43,50,
54,178,180–183). When there has been a local or dis-
tant tumor recurrence following subtotal thyroidec-
tomy, cancer is found in over 60% of the excised
contralateral lobes (183). A study of children from
Chernobyl found that completion thyroidectomy per-
mitted the diagnosis and treatment of recurrent cancer
and lung or lymph node metastases in 61% of patients
in whom residual cancer was not recognized preoper-
atively (167).

5.7 Lymph Node Surgery

Although lymph node recurrence occurs in 10–14% of
patients, some do not regard it with concern, especially

when it occurs in young patients. However, this is not
true (see regional metastases above). We found that
lymph node metastases, especially bilateral cervical and
mediastinal, were an independent variable that affected
recurrence and survival even in younger patients
(Table 3). Others report that systematic compart-
ment-oriented dissection of lymph node metastases
significantly improves recurrence ( p < 0.0001) and
survival ( p < 0.005) rates in patients with T1–T3
tumors (184).

The NCCN guidelines recommend bilateral central
compartment dissection or lateral modified radical neck
dissection if lymph nodes are involved (Table 2) (5). A
study (185) of 199 patients with papillary cancer who
had undergone total thyroidectomy and bilateral cer-
vical lymph node dissection found that although 21%
had clinically apparent nodal involvement prior to
surgery, 61% had cervical lymph node metastases at
surgery, which were bilateral in 24% (40% of the
patients with positive cervical nodes). The main ipsi-
lateral sites of involvement were paratracheal (50%),
midjugular (37%), and supraclavicular (22%); the main
contralateral sites were paratracheal (21%) and mid-
jugular (10%) (185).

A sentinel lymph node was found in 91% (20 of 22
patients) with nodal metastases in one study that used
isosulfan blue dye (186). A sentinel node tumor was
identified in 60% by hematoxylin-eosin and in 100% by
immunohistochemical staining (186). Eleven patients

Table 5 Results of Completion Thyroidectomy in Patients with Differentiated Thyroid Cancer

Authors (ref.)
Papillary

(N)

Papillary
cancer in

contralateral
(N)

Follicular
(N)

Follicular
cancer in

contralateral
lobe (N)

Hürthle
(N)

Hürthle cell
cancer in

contralateral
lobe (N)

All patients
(N)

All patients
cancer in

contralateral
lobe (N)

Auguste and
Attie (178)

58 NDa 17 ND 5 ND 80 38% (30)a

Calabro et al. (49) 51 ND 12 ND 3 ND 66 44% (28)a

DeGroot and

Kaplan (50)

18 33% (6) 8 25% (2) 0 0 26 31% (8)

Krausz et al. (51) 70 47% (33) 30 33% (10) 0 0 100 43% (43)
Emerick et al. (43) 0 0 19 11% (2) 0 0 19 11% (2)

Kawaura et al. (48) 165 56% (93) 0 0 0 0 165 56% (93)
Pacini et al. (47) 182 44% (80) 0 0 0 0 182 44% (80)
Pasieka et al. (52) 41 68% (28) 12 42% (5) 7 57% (4) 60 62% (37)

Rao et al. (53) 75 61% (46) 54 52% (28) 0 0 129 57% (74)
Scheumann
et al. (54)

65 ND 66 ND ND 0 131 77% (101)a

Total 725 52%b (286/551) 218 38%b (47/123) 15 57%b (4/7) 958 52% (496)

a Data not broken down according to papillary, follicular, or Hürthle cell cancer.
b Weighted average.
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(55%) with a positive sentinel node had other nodal
metastases—9 in the central compartment, 1 in the
jugular compartment and 1 in both areas; the 2 patients
with negative sentinel nodes had lymph nodemetastases
elsewhere (186). In another study, giving 100 mCi 131I
and locating functioning lymph node metastases with
the aid of an intraoperative probe improved the com-
pleteness of surgical excision of persistent thyroid can-
cer (187). Suspected and unsuspected metastases were
detected in 56%of the patients in one study, but another
25% had nodal metastases that were undetected by this
and other techniques (187).

5.8 Surgery for Invasive Tumor

DTC infrequently invades the upper aerodigestive
tract, but when it does it often has undifferentiated
areas and causes significant morbidity. Computed
tomographic, ultrasonography, and endoscopic exami-
nations are useful in providing accurate assessment of
the extent of tumor invasion. In a study (188) of 262
patients with invasive papillary cancer in which com-
plete tumor removal was achieved in 56%, the sites of
invasion were muscle 53%, trachea 37%, laryngeal
nerve 47%, esophagus 21%, larynx 12%, and other
sites 30%. The overall survival rate, which was 79% at
5 years, 63% at 10 years, and 54% at 15 years, was
significantly influenced by invasion of the trachea and
esophagus, and to a lesser extent by completeness of
resection, but not by invasion of muscle, larynx, and
recurrent laryngeal nerves (188).

Although survival may be improved by complete
surgical excision of the tumor, the extent of surgery that
is required to do this requires prudent clinical judgment
and a fully informed patient. In one study (189) only 46
of 1098 patients with thyroid cancer required resection
of some portion of the upper aerodigestive tract, includ-
ing 35 who had a history of prior surgical treatment with
or without radiation or 131I therapy. Treatment in-
cluded total (n= 27) or partial (n= 5) laryngectomies,
circumferential or partial tracheal resections, and cir-
cumferential or partial esophagectomies, or some
combinations of these procedures and postoperative
external beam radiation or 131I in some cases. Five-year
survival rate for all patients exceeded 50%; more than
70% with papillary and follicular cancers survived for
5 years, and a few lived for 30 years (189).

Aggressive resection appears to be justified in some
patients for control of locally advanced DTC and seems
to be of greatest benefit to those over about 45 years. In
one study (90) of 40 patients with locally invasive
papillary cancer in which 19 underwent complete resec-
tion and 21 did not, 15-year survival rates were 100%

after complete and 74.2% with incomplete resection,
but were 100% among patients younger than 45 years
even after incomplete resection. Another study (191)
reported the results of radical surgery in 18 elderly
patients with locally invasive papillary cancer. One
was a patient whose larynx and a portion of the trachea
and esophagus were resected and reconstructed using a
forearm free flap for the digestive tract. Nine others had
a sleeve or a window resection of the trachea with
immediate end-to-end anastomosis in all but one, two
underwent partial esophagectomy, and six had a resec-
tion of the outer layer of the trachea or esophagus. One
patient died of rupture of the carotid artery and one died
of cancer in 4 years and another died of an unrelated
disease; the other 15 patients were living and well 1–5
years postoperatively.

Tracheostomy should be considered in patients with
tumor that is locally invasive. One study (192) of 515
patients with thyroid cancer found that 33% (170
patients) had local infiltration of tumor, about 40% of
which (69 patients) required tracheostomy, 55% for
laryngeal nerve invasion or intratracheal bleeding and
45% as a prophylactic intraoperative procedure to
avoid later death from asphyxiation. However, tracheo-
stomy did not influence the outcome of patients with
DTC, and in some cases its complications delayed or
prohibited postoperative external radiotherapy. None-
theless, tracheostomy must be carefully considered in
patients with invasive tumor that is threatening the
airway.

5.9 Surgical Complications

The main complications of thyroidectomy, which are
most common after total thyroidectomy, are hypopara-
thyroidism and recurrent laryngeal nerve damage. The
rates of hypoparathyroidism immediately after surgery
are as high as 5% in adults (193) and are even higher
in children (67,194) undergoing total thyroidectomy.
However, the rates of persistent hypocalcemia are
much lower. Among seven surgical series, the average
rates of permanent recurrent laryngeal nerve injury and
hypoparathyroidism, respectively, were 3% and 2.6%
after total thyroidectomy and 1.9% and 0.2% after
subtotal thyroidectomy (195). The rates of persistent
hoarseness and hypoparathyroidism are even lower. A
study (196) reported a 0.5% one-year rate of persistent
hypocalcemia after total thyroidectomy compared with
a rate of 5.4% immediately after total thyroidectomy.
When experienced surgeons perform the surgery and
the posterior thyroid capsule is left intact on the con-
tralateral side, hypoparathyroidism occurs at a low
rate. A study of 5860 patients treated in Maryland
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found that surgeons who performed more than 100
thyroidectomies a year had the lowest overall compli-
cation rates (4.3%), which were fourfold lower than
those of surgeons who performed fewer than 10 cases
annually (197).

5.10 Thyroidectomy During Pregnancy

Thyroid cancer may occasionally progress rapidly dur-
ing pregnancy, perhaps due to high maternal h-hCG,
which has a TSH-like effect (198). Most DTCs none-
theless grow slowly and have an excellent prognosis
during pregnancy, and surgery usually can be delayed
until after delivery (199) or may be done safely during
the second trimester (199,200).

6 RADIOIODINE ABLATION OF RESIDUAL

NORMAL THYROID TISSUE

Remnant ablation refers to the 131I destruction of resid-
ual macroscopically normal thyroid tissue that remains
after removal of all normal and malignant thyroid
tissue. Although total or near-total thyroidectomy is
performed in an attempt to remove all or nearly all
thyroid tissue, some 131I uptake usually remains in the
thyroid bed (176), whichmust be ablated before residual
tumor can be optimally identified and 131I will fully
concentrate in metastases (167). The standard prepara-
tion is to render the patient hypothyroid in order to
stimulate endogenous TSH secretion and sodium iodide
symporter (NIS) activity. An alternative approac is to
prescribe T4 after thyroidectomy and to stimulate NIS
with exogenous rhTSH, which was done in one study
(201) of 10 patients, resulting in complete resolution of
all visible 131I thyroid bed uptake on follow-up 5–13
months later. This approach has the potential to suc-
cessfully ablate thyroid remnants without the need to
induce hypothyroidism, but the FDA has not yet
approved this specific use of the drug.

6.1 Rationale for Thyroid Remnant Ablation

Although there is some debate about 131I remnant abla-
tion after near-total thyroidectomy (56,142), there are
at least five compelling reasons to consider doing it (2).
First, a large remnant can obscure 131I uptake in
cervical or lung metastases (132,167). Second, high
TSH levels necessary to enhance tumor 131I uptake
for diagnosis, and treatment cannot be achieved when
a large thyroid remnant is present (202); in fact, large
remnants should be surgically removed. Third, Tg
measurement made under TSH stimulation is the most

sensitive test for cancer only when there is no normal
thyroid tissue present, which usually requires ablation
of thyroid bed uptake (203). Fourth, remnant ablation
may destroy residual normal follicular cells destined to
become malignant (29) and occult cancer that might
recur years later (Fig. 9). Lastly, and perhaps the most
compelling reason, lung metastases may be seen only
on the DxWBS or RxWBS after remnant ablation
(204,205).

6.2 Indications for Thyroid
131

I Remnant Ablation

This decision is tightly linked to that for performing
total or near-total thyroidectomy. Remnant ablation

Figure 9 Tumor recurrence 16.7 years (median) after

thyroid surgery and 131I ablation of uptake in the thyroid
bed compared to those treated with thyroid hormone alone:
(A) all recurrences; (B) distant metastases recurrences. p-

Values are log rank statistical analysis of 40-years life-table
data. (Modified from Ref. 2.)
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should be done when the patient has 131I uptake in the
thyroid bed and no known foci of cancer after resection
of a tumor that has the potential for recurrence (56). If
6–12 months after 131I ablation thyroid bed uptake is
less than 0.5% at 48 hours, a second ablation is unlikely
to be of further benefit since such a small amount of
uptake is unlikely to represent residual cancer if the Tg is
low and is unlikely to be the sole source of a high serum
Tg level [>2 ng/mL after recombinant human thyro-
tropin (rhTSH) (2) or>10 after T4 withdrawal (2,206)].
As a practical matter most patients who have undergone
total or near-total thyroidectomy have thyroid bed 131I
uptake that requires ablation. Although some advise a
more selective approach for 131I ablation based on
tumor stage (207), the same authors report that 38%
of the patients undergoing ablation in their clinic have
low-risk tumors (T1 or T2 and N0) (208). Once T4 has
been withdrawn and the patient has followed a low
iodine diet for imaging, remnant ablation can be done as
a outpatient on the same day that DxWBS is performed
(6,55,114,139).

6.3 Therapeutic Impact of
131

I Remnant Ablation

Recurrence rates are lower after 131I ablation (56),
sometimes with reduced cancer mortality rates (2), but
not all find this, perhaps because more extensive thyroi-
dectomy had been done (142). One study (113) found
that remnant ablation decreased recurrence rates of
tumors larger than 1 cm, including those localized
to the thyroid gland or metastatic to regional lymph
nodes predicted to have a good prognosis; however, it
reduced the risk of death only in those with more
advanced disease. In another study, the rates of pulmo-
nary metastases among 58 patients with DTCwere 11%
after partial thyroidectomy, 5% after subtotal thyroi-
dectomy and 131I, 3% after total thyroidectomy, and
only 1.3% after total thyroidectomy and 131I (57). In a
study (209) of 321 patients treated in 13 Canadian
hospitals with 131I, mainly to ablate residual normal
and microscopic tumor tissue in those with microscopic
residual papillary or follicular cancer, local disease
was controlled more often with either postoperative
external radiotherapy or 131I therapy, or both, than
with T4 alone ( p < 0.001) (209). The 20-year survival
with microscopic residual disease treated by surgery
alone was less favorable (about 40%) than after
treatment with either 131I or external radiation (about
90%; p < 0.01), whereas 131I treatment without ob-
vious residual disease did not increase survival (209).
In a later and somewhat contradictory study from
Canada of 382 patients with DTC, total thyroidec-

tomy and 131I ablation was associated with a signifi-
cantly lower rate of local relapse regardless of tumor
stage (114).

We previously reported that among 1004 patients,
tumor recurrence, distant metastases, and cancer deaths
were significantly lower following remnant 131I ablation
and T4 treatment compared with T4 treatment alone
or no postoperative therapy (56). In the latest analysis
of this cohort (2), 1182 patients with DTC had under-
gone thyroid remnant 131I ablation (230 patients) or
were either treated with T4 alone (789 patients) or
no postoperative medical therapy (163 patients). After
a median follow-up time of 20.8 years for patients
treated with T4 alone and 14.7 years for those under-
going thyroid remnant ablation, outcomes were as
follows: after treatment with T4 alone, the tumor re-
currence rate was about fourfold ( p < 0.0001) (Fig.
9A) and the distant metastasis rate was about five-
fold ( p < 0.02) (Fig. 9B) that of thyroid 131I ablation.
When 131I ablation doses were stratified into two
groups: 29–50 mCi (42.7 F 1.2 SE) in 62 (46%)
patients and 51–200 mCi (114.6 F 4.0) in 72 (54%)
patients, both groups experienced similar 30-year
recurrence rates (4% and 6%, respectively; p = 0.1).
Among patients over age 40 years at the time of
diagnosis with tumors 1 cm or larger, there were fewer
cancer deaths 40 years after thyroid remnant ablation
than after the other treatment strategies (20% vs. 2%;
p < 0.001).

In the past, many used 30mCi 131I to ablate a thyroid
remnant if only a small amount of thyroid tissue
remained after surgery, mainly to avoid hospitalization;
however, hospitalization for the use of larger doses is no
longer necessary in most states (210). Radiation expo-
sures to householdmembers of patients givenmore than
30 mCi are well below the limit (5.0 mSv) mandated by
NRC regulations (211). Small 131I doses still have some
appeal because of the lower cost and the lower whole-
body radiation dose, which has been estimated to be 6.1
rem for 30 mCi, 8.5 rem for a 50 mCi, and 12.2 rem for a
60 mCi (212). Moreover, 100 mCi of 131I may cause
salivary injury and transient testicular damage. How-
ever, some prefer larger 131I doses to ablate thyroid
tissue and to treat residual microscopic cancer (213). A
meta-analysis found that a single administration of
about 30 131I failed to fully ablate the remnant (46%)
more often than did 77–100 mCi (27%; p < 0.001)
(214). However, a wide range of failure occurred among
the low-dose cases, mainly from variation in the extent
of surgery. After near-total thyroidectomy, both high
and low 131I activities were most likely to completely
ablate the remnant (214).
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7 POSTTREATMENT FOLLOW-UP VIEWED

FROM THE PERSPECTIVE OF CHOICE

OF THERAPY

Performing a DxWBS and measuring serum Tg is the
standard of care in the initial phases of follow-up of
patients with DTC (2,215), but it cannot be done
adequately in the face of large amounts of residual
thyroid tissue. Whether it is best to perform a DxWBS
before 131I therapy is uncertain. The experts that for-
mulated the NCCN thyroid cancer guidelines could not
reach a consensus on recommending a DxWBS in leu of
RxWBS in postsurgical evaluations (5). During follow-
up after 131I ablation, a DxWBS is usually unnecessary,
although one retrospective study (216) of 76 patients
undergoing follow-up after initial thyroid ablation sug-
gested that two consecutive negative 131IDxWBSs had a
greater likelihood of predicting relapse-free survival
than did one such study; however, serum Tg levels were
not measured under TSH stimulation, which is a con-
siderably more sensitive test than DxWBS (217,218).
Another study (208) of 256 patients found that a 2–5
mCi 131I DxWBS performed 6 months to 1 year after
thyroid ablation did not correlate with the serum Tg
but only confirmed the completeness of thyroid abla-
tion; patients with a Tg level exceeding 10 ng/mL after
T4 withdrawal were selected for RxWBS after 100 mCi
of 131I. Furthermore, tumor amenable to early therapy
may be found when recombinant human TSH (rhTSH)-
stimulated serum Tg rises above 2 ng/mL without
performing a DxWBS, which merely provides data
concerning the completeness of thyroid ablation but
not persistent tumor (217). Thus, rhTSH-stimulated
Tg > 2 ng/mL warrants further diagnostic study.

7.1 Recombinant Human TSH

Periodic elevation of serum TSH levels must be done to
stimulate Tg release and 131I uptake because this is the
optimal way to detect persistent cancer during follow-
up. T4 may be withdrawn, which causes symptomatic
hypothyroidism, or rhTSH may be given intramuscu-
larly, which stimulates thyroidal 131I uptake and Tg
release while the patient continues taking T4, thus
avoiding clinically symptomatic hypothyroidism (219).
A large international multicenter study proved that
rhTSH stimulates 131I uptake for DxWBS and that the
combination of WBS and Tg measurements could
detect 100% of the patients with metastatic DTC
(217). The recommended dose of rhTSH, 0.9 mg, is
given intramuscularly on 2 consecutive days followed by
at least 4 mCi of 131I on the third day and aDxWBS and

Tg measurement on the fifth day. Whole-body images
are acquired after 30minutes of scanning or after 40,000
counts, whichever occurs first. This is necessary because
4 mCi of 131I after rhTSH has about the same effect as 2
mCi given during hypothyroidism, which reduces renal
clearance and raises body 131I retention (220). After
thyroid ablation a serum Tg of 2.0 ng/mL or higher 72
hours after the last rhTSH injection usually indicates
that persistent tumor is present. Although tumormay be
identified on the rhTSH-stimulated DxWBS providing
the recommended scanning procedure is followed (217),
more often the DxWBS is negative after remnant abla-
tion both during T4 withdrawal (208) and after rhTSH
(221), even in patients with residual cancer. The drug is
well tolerated. Transient headache (7.3%) and nausea
(10.5%) are its main adverse effects (217), with almost
no other symptoms and no dysphoric mood states as
occur with hypothyroidism (219).

7.2 Diagnostic
131

I Whole-Body Scans

DxWBS is done to detect areas of uptake following
diagnostic or therapeutic amounts of 131I; however,
scanning is not very useful when there are large amounts
of normal thyroid tissue remaining after surgery that
prevent the TSH from rising above 30 AU/mL.High 131I
uptake in a remnant may produce a starburst effect that
makes visualizing tumor impossible.

7.2.1 Thyroid Stunning

Administering more than 2 mCi of 131I for DxWBSmay
have a sufficiently harmful effect upon the tissue in
which it concentrates to interfere with subsequent up-
take of 131I for several weeks (222–224), which may be
avoided by using 2 or 3mCi of 131I or 500 ACi of 123I, but
this is less sensitive than using larger 131I or 123I doses in
identifying remnants or metastases (223,225). Using
higher doses of 123I may improve DxWBS images, but
the cost is great. Delaying 131I therapy for some time
after the DxWBS may be responsible for the stunning
effect (223,224), which did not occur in 172 patients
treated with 131I within 72 hours of having received 5
mCi for a diagnostic scan (176). Of greater importance
to the debate, recent studies (226,227) show that the
therapeutic effect of 131I ablation is unimpaired after
DxWBS thyroid stunning.

7.2.2 Posttreatment Whole Body Scans

Although a DxWBS is usually done postoperatively to
help determine the optimal 131I dose to ablate residual
thyroid tissue or cancer, another approach is to per-
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form an RxWBS after administering 131I given on the
basis of a high postoperative serum Tg level. This often
yields critical information when the serum Tg level is
high and tumor cannot be found on examination or by
DxWBS, neck ultrasonography, CT, or MRI. About
4–7 days after 131I therapy is given, an RxWBS may
show 131I uptake by lesions not detected on the
DxWBS (204,208).

7.2.3 Serum Thyroglobulin Measurements

Measuring the serum Tg concentration is the best way
to detect normal and malignant thyroid tissue because
there are no other sources to falsely elevate it. Patients
who are free of disease have undetectable serum Tg
levels during T4 therapy and with TSH stimulation
(208,228). Antithyroglobulin antibodies (TgAb), which
are found in up to 25% of patients with DTC compared
with about 10% of the general population, must be
measured in the same serum sample in which Tg is
determined because the presence of TgAb usually inva-
lidates the Tg result (203). Immunometric assay (IMA)
methods are prone to underestimating the serum Tg
level when TgAb is detectable, increasing the risk of a
false-negative test (203). Conversely, when Tg remains
high when measured by IMA in the presence of TgAb,
residual cancer may be present (203).

Postablation serum TgAb levels correlate directly
with the presence or absence of disease (203). The first
serum Tg after surgery is a good prognosticator of long-
term outcome. One study (229) found that an initial Tg
value higher than 70 ng/mL had a 90% positive pre-
dictive value for metastases; however, the Tg may
remain detectable for up to a year after initial treatment
before becoming undetectable (208). Thereafter, Tg
should be measured when TSH has been stimulated by
T4 withdrawal or rhTSH stimulation, which lowers the
false-negative rate well below that of DxWBS (208,217,
230). A Tg mRNA method is more sensitive than the
IMAmethod, particularly during T4 treatment or when
TgAb are present, but the test is not yet widely available
and there is a problem with mRNA degradation in
improperly handled blood samples (231).

Tg and WBS are usually considered complementary
(232). However, persistent DTC is rarely present when
serum Tg values are less than 2 ng/mL during rhTSH
stimulation (217) or less than 5 ng/mL after T4 with-
drawal (228); however, results of Tg assays vary in
different laboratories, even if an international standard
(CRM 457) is used (233). Nevertheless, cancer is rarely
found with low or undetectable TSH-stimulated Tg

levels (208) unless tumor is undifferentiated. In lieu of
performing a DxWBS 6 months to 1 year after thyroid
ablation, measuring a serum TSH-stimulated Tg after
T4 withdrawal or rhTSH injection serves as a better
guide for the selection of patients who might have
persistent disease (208). A DxWBS done with 2–5 mCi
after T4 withdrawal is relatively useless compared with
administering 100 mCi or more and performing an
RxWBS when the Tg rises above some arbitrary limit
that suggests the presence of metastases—usually
around 10 ng/mL after T4 withdrawal or 2 ng/mL after
rhTSH stimulation (204,208).

Ten percent of 107 patients whowere clinically free of
disease and who mostly (95%) had undetectable serum
Tg levels during T4 therapy had persistent tumor in lung
(4 patients), and lymph nodes (5 patients; 3 with central
compartment, 1 bilateral cervical, and 1 mediastinal
nodes) identified by an rhTSH-stimulated Tg above 2
ng/mL (221). Similar to T4 withdrawal (208), rhTSH-
stimulatedDxWBS failed to reveal the site ofmetastases
in every case (221). Thus, tumor amenable to early
therapy may be found when rhTSH-stimulated serum
Tg rises above 2 ng/mL, long before the DxWBS is
abnormal. The sensitivity of rhTSH-stimulated Tg for
detecting residual cancer in this study (221) was 100%,
while the false-negative rates were 64% for Tg>0.5 ng/
mLonT4 therapy, 73% for rhTSH-stimulatedDxWBS,
and zero for an rhTSH-stimulated Tg > 2 ng/mL. An
elevated rhTSH-stimulated Tg > 2 ng/mL warrants
further study with other imaging modalities.

7.3 Thyroglobulin-Positive, Diagnostic WBS-Negative

Patients

Lung metastases sometimes are found only on RxWBS
after administrating large doses of 131I. (204) One study
of 283 patients found that 6% of those with high serum
Tg levels treated with 100 mCi of 131I had distant
metastases detected on RxWBS that were not detected
on a 2 mCi DxWBS. (128) Another study (234) found
that all but one of 17 patients with elevated serum Tg
levels and a negative 5 mCi DxWBS had 131I uptake
after 75 to 140 mCi of 131I; more than half had lung
metastases. Among 89 consecutive pairs of 131I DxWBS
andRxWBS studies done on 79 patients in patients with
negative 4 to 5 mCi 131I DxWBS studies had an RxWBS
study revealing distant metastases; all had a serum Tg
level above 15 ng/mL when the T4 withdrawal TSHwas
>30 AU/mL (2). This can only be done when compete
thyroid ablation has been done.
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7.3.1 Whole-Body Positron Emission Tomography
Scanning with F-18-Fluorodeoxyglucose

FDG-PET scanning should be considered when tumor
is suspected on the basis of high serum Tg levels but
RxWBS and neck ultrasonography are negative. Poorly
differentiated thyroid cancer often loses the ability to
concentrate 131I and exhibits increased metabolic activ-
ity, as evidenced by enhanced glucose uptake. FDG-
PET scanning thus may identify DTC metastasis that
cannot be identified by 131I or 99mTc scintigraphy,
because FDG uptake is an indicator of poor functional
differentiation and of more aggressive tumor growth
(235). Patients who are at risk of dying of cancer can
thus be identified by FDG-PET scanning. For instance,
one study (236) showed that the strongest predictor of
survival was the volume of FDG-avid disease; only 1
death (of leukemia) occurred in PET-negative patients
(n = 66), whereas patients over 45 years with distant
metastases that concentrated FDG were at the highest
risk and those with FDG volume greater than 125 had
the worst short-term survival (236). High-dose 131I
therapy has little or no effect on the viability of meta-
static disease that avidly concentrations FDG.

Although PET has better sensitivity, resolution ima-
ging, and spatial localization, these features must be
balance against its higher cost compared with thallium
scintigraphy (237). False-positive F-18-FDG uptake
may occur with benign lung disease and artifactually
(238) PET scanning is of most value in patients with
high serum Tg levels and negative imaging studies, in-
cluding 131I RxWBS, because it gives information about
prognosis.

7.3.2 Treatment of Patients with Tg-Positive,
DxWBS-Negative Studies

The exact Tg level that is used for recommending
treatment of patients with negative DxWBS studies
and a high Tg has been coming down; it was about
30 or 40 ng/mL about a decade ago but now is about
10 ng/mL after thyroid hormone withdrawal (5,204,
239), but this remains an arbitrary cut-off. Although
some skepticism has been voiced about this therapeu-
tic maneuver, it is beneficial. The prognostic impor-
tance of finding lung metastasis at an early stage was
shown by Schlumberger (240), who reported 100%
10-year survival with lung metastases detected only by
elevated Tg levels and confirmed by RxWBS; how-
ever, survival fell to 91% when chest x-rays were
normal but DxWBS was positive, falling to 63%
when the chest x-ray showed lung micronodules and

11% when it showed macronodules. Multivariate
analysis has shown the independent prognostic sig-
nificance of the size of pulmonary metastases at the
time of therapy (131). Another multivariate analysis
in 134 patients with pulmonary metastases showed
that an early diagnosis (a normal chest x-ray with pul-
monary metastases found only on 131I scintigraphy)
and treatment of the metastases with 131I were the most
important elements giving rise to a significant improve-
ment in survival rate and a prolonged disease-free
survival (130). Treatment of pulmonary metastases
found only on RxWBS usually reduces the tumor
burden, but complete eradication of metastases may
be difficult to achieve (241). Two to 4 years after
receiving a total of 350–700 mCi of 131I, 3 of 10 patients
treated in our clinic had no 131I uptake on the RxWBS
scan and serum Tg levels less than 5 ng/mL while off
T4. Two other studies (241,242) found clearly beneficial
effects of 131I therapy for such patients: 80% achieved a
negative whole-body 131I posttherapy scan, 60% had a
serum Tg less than 5 ng/mL off thyroid hormone, and 6
of 8 patients had normalization of the CT scan, and 2
had negative lung biopsies. Improvement sometimes
occurs with one or two 131I treatment (12), but when a
partial reduction of metastatic disease is achieved,
patients usually have a good quality of life with little
disease progression and a low mortality rate (12).

8 THYROID HORMONE SUPPRESSION

OF THYROTROPIN

Recurrence rates, including those of distant metastases,
are significantly reduced with T4 therapy (6,56), but the
optimal TSH level required to achieve this is uncertain.
A retrospective study (243) found that relapse-free
survival was significantly better with a consistently sup-
pressed TSH (V0.05 AU/mL) than when serum TSH
levels were always 1 AU/mL or higher. In this study, the
level of TSH suppression was an independent predictor
of recurrence (243). However, a prospective study of 617
patients in the National Thyroid Cancer Treatment
Cooperative Study (244) found that disease stage, pa-
tient age, and 131I therapy independently predicted
disease progression, but that the degree of TSH sup-
pression did not. When the TSH is suppressed to about
0.1 AU/mL, suppressing it into thyrotoxic ranges usu-
ally does not further lower the Tg level (245). Thus,
suppressing TSH to an undetectable (e.g.,<0.1 AU/mL)
thyrotoxic range in patients who have no evidence of
disease is likely not to confer greater therapeutic benefit.
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As a practical matter, the most appropriate T4 dose
usually is that which reduces the serum TSH to just
below the lower limit of the normal range for the assay
being used, unless there is persistent disease when TSH
levels of about 0.1 AU/mL may be necessary (162).

9 EXTERNAL RADIATION THERAPY

Disease-free survivalmay be improved by external beam
radiation therapy administered to patients over age 40
with invasive papillary cancer (T4 tumor) (114,246).
Patients with residual microscopic papillary cancer are
more commonly rendered disease-free by external ra-
diotherapy (90%) than without it (26%) (209). Patients
with microscopically invasive follicular cancer also are
more likely to be rendered disease-free when postoper-
ative external radiation is given (53%) than when it is
not (38%) (209). Radiotherapy is also useful in the
treatment of isolated bone metastases (131).

10 CHOICE OF THERAPY FOR RECURRENT

DISEASE

The first choice of therapy for recurrent disease is
surgery if the tumor can be localized and is resectable.
For locoregional recurrences that are not amenable to
surgery 131I therapy is recommended for those that
concentrate it and external beam radiotherapy for those
that do not, or both may be used. Up to 75% of DTCs
and their metastases and about one third ofHürthle cel l
cancers concentrate 131I (209). For disseminated tumor,
131I dosimetry should be considered if the tumor con-
centrates 131I; however, the larger the tumor mass is, the
less likely that 131I therapy will ablate it, but depends
upon the site and number of tumor foci (5). Surgery
should be considered for symptomatic bone metastases
or those in weight-bearing extremities or vertebral
tumors impinging upon the spinal cord. The most
common sites of bone metastases in one large study
were vertebrae (29%), pelvis (22%), ribs (17%), and
femur (11%), 53% of which were multiple tumors (247).
The 10-year survival rate from the time of diagnosis of
bone metastasis was 13%, which by multivariate anal-
ysis was favorably influenced by their uptake of 131I and
the absence of nonosseous metastases (247). Patients
with bone metastases experience serious morbidity:
during the course of the disease a pathological fracture
occurred in 27% and cord compression from vertebral
metastases occurred in 14% (247). Another study (127)
of 109 patients with bone metastases reported survival

rates at 5 and 10 years of 41% and 15%, respectively.
Features associated with an improved survival were
bone metastases as the presenting symptom of thyroid
cancer ( p < 0.0005), the absence of metastasis in other
organs ( p < 0.03), the cumulative dose of 131I ( p <
0.0001), and complete surgical removal of bone meta-
stases surgery in young patients ( p < 0.04).

Surgical resection should be considered for CNS
metastases, which pose a special problem because 131I
therapy may induce cerebral edema. In a study (247) of
47 cases of brainmetastases, theywere a primary clinical
feature at initial presentation in 15% of the cases, were
identified during the subsequent course of the disease in
68%, andwere only discovered at autopsy in 23%.Once
brain metastases are diagnosed, disease-specific mortal-
ity is very high—78% with a median survival of 12.4
months in one retrospective study (247)—but this was
significantly improved by surgical resection of one or
more tumor foci. The median disease-specific survival
from diagnosis of brain metastases was 16.7 months for
patients who underwent local excision of one or more
brain metastases, compared with 3.4 months for those
who did not ( p< 0.05). Brain metastases from thyroid
cancer are an extremely poor prognostic sign. Inoper-
able brain metastases should be treated with gamma
knife rather than external radiation if possible (247).

10.1 Adjuvant Chemotherapy

Life-threatening tumor refractory to all other forms of
therapy may be palliatively treated with doxorubicin
(Adriamycin), although the response rate is poor (8).
Chemotherapy is used for tumors that are not amenable
to surgery or external beam radiotherapy and are
unresponsive to 131I. Among 49 patients with metastatic
DTC treated with five chemotherapy protocols, only
two (3%) patients had objective responses (248). A
review of published series found that 38% of patients
had a response to doxorubicin defined as a reduction in
tumor mass (249). Combination chemotherapy is not
clearly superior to doxorubicin therapy alone (8).

11 TREATMENT OF CHILDREN

Children with DTC can be divided into two groups:
prepubertal children under about age 10–12 years
whose tumors seem to have a somewhat different bio-
logical behavior than those in adults, and adolescents
between about 13 and 18 years of age whose tumors are
similar to those in young adults and for whom treatment
is generally regarded to be similar to that in young
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adults. There is some disagreement about the appro-
priate treatment of prepubertal children, with some
disputing the use of total thyroidectomy and question-
ing the routine application of 131I thyroid ablation,
mainly because of higher complication rates of aggres-
sive therapy in children and the lack of prospective
studies. Compared with adults, thyroid cancer in chil-
dren is more advanced at diagnosis, but paradoxically
has a better prognosis (Fig. 2B). Their tumors are
mainly papillary cancers but a few are follicular cancers
(250). Compared with adults, more children have lymph
node metastases (60–90%) and distant metastases (10–
20%), about half of which are present at the time of
diagnosis (8,66,250–252). Extrathyroidal tumor exten-
sion occurs in up to half of children (8,251), causing as
many as 25% to have microscopic or gross residual
disease after surgery, and resulting in disease-free sur-
vival rates as low as 76% at 5 years and 66% at 10 years
(251). Recurrence is often found years after the initial
therapy. For example, in a study (251) of 30 children
under age 16, who mostly (66%) underwent total thy-
roidectomy and 131I ablation, the median time to recur-
rence was 7 years but adverse events occurred a late as
44 years after surgery. Recurrence rates are higher in
children under age 10 years, particularly withmultifocal
or metastatic tumors at the time of diagnosis (252),
which have the poorest survival rates (251).

Nonetheless, studies show that children and adoles-
cents with DTC live for many years, regardless of tumor
stage at the time of diagnosis or the development of
recurrence, which has led many to regard DTC in
children as a relatively indolent disease that rarely
causes death. This is not entirely correct. Long-term
follow-up is necessary to know the eventual outcome of
children with metastases. For example, a study (253) of
14 children with papillary cancer metastatic to lung who
were followed for an average of 19.3 years (1–45 yr)
found that none had died of metastatic disease, but half
continued to have manifestations of residual cancer. In
a longer-term study (254) overall survival was 100% at
10 years even in children with distant metastases; how-
ever, one fourth developed recurrent disease and six
died of thyroid cancer at age 40 F 2.1 years, 26 F 3.1
years after the initial diagnosis. Among these cases, one
patient had invasive disease and lung metastases at
diagnosis and died of progressive lung metastases after
36 years. The other five children initially had local/
regional disease but developed lung and skeletal meta-
stases after a 2- to 20-year disease-free interval (254). In
three cases, the cause of death was related to initial
radiotherapy: one developed tracheal necrosis 26 years
after diagnosis and died of upper airway complications,

whereas two others developed sarcomas of the cervical
region 22 and 29 years after the diagnosis of thyroid
cancer (254). Another study from France (255) of 72
children with DTC followed a median of 13 years after
having undergone treatment at age 16 years or younger
for DTC, which hadmetastasized to lung in 18% and to
lymph nodes in 90% and that had invaded the thyroid
capsule in 67%, found that only 60% had a complete
remission after initial treatment. Children without dis-
tant metastases for whom surgery was macroscopically
incomplete had a relapse rate five times that in patients
whose surgery was complete. Six patients died from
thyroid cancer at ages ranging from 19 to 44 years 12–33
years after initial treatment (255). Despite a favorable
long-term survival rate (90.3% at 20 yr), the stand-
ardized mortality ratio was equal to 8.1 (255), under-
scoring the need for complete surgical treatment and
fastidious long-term follow-up.

Treatment of children with DTC is controversial
because few large series have been reported. Many
recommend total or near-total thyroidectomy and 131I
ablation, especially for tumors that are large, multiple,
or metastatic (256–258), or for familial papillary cancer
(259). Although some withhold 131I ablation for chil-
dren over age 10 year with low tumor stage and node-
negative disease (251), modified neck dissection is gen-
erally recommended for children with clinically positive
neck lymph nodes (250). Data provide support for total
thyroidectomy and 131I therapy in children with DTC.
A study (260) of 109 children with DTC (aged 6–17 yr),
in which the primary treatment comprised total thyroid-
ectomy in 82% and 131I ablation in 78% with T4 sup-
pression of TSH in all patients, found that the survival
rate was 100% but that the 5- 10-year disease-free
survival rates were only 80% and 61%, respectively.
Multivariate analysis showed that total thyroidectomy
was the most significant factor ( p = 0.007) for disease-
free survival, while less than total thyroidectomy in-
creased the relative risk of relapse by a factor of 10 and
that 131I treatment decreased the relative risk of relapse
by a factor of 5 (260). However, the rate of permanent
postoperative complications was relatively high, includ-
ing laryngeal nerve palsy (9%) and hypoparathyroidism
(5.5%) and both (1%). The authors (260) nonetheless
concluded that this treatment should be routinely
applied even in younger children. Another study (261)
of 37 patients with papillary cancer confined to the
thyroid found that patients treated with lobectomy with
or without isthmusectomy were more likely to have
recurrence than those treated with subtotal or total
thyroidectomy (odds ratio 8.7; 95% CI 1.4–54). Al-
though the incidence of complications was statistically
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similar among the several surgical groups, 3 patients
treated with more extensive surgery had permanent
hypoparathyroidism. A comprehensive review (262) of
the literature of the current treatment strategies for
pediatric patients with non-medullary DTC concluded
that, for the majority of children, total or near-total
thyroidectomy is the standard initial therapy for DTC,
that this is commonly followed by the administration of
131I postoperatively to ablate the thyroid remnant, and
that the duration of follow-up is life-long, even if the
patient appears to be clinically free of disease.

Completion thyroidectomy may be necessary in chil-
dren. Almost half of 47 children from Chernobyl with
thyroid cancer who had undergone lobectomy were
subject to completion thyroidectomy after undergoing
neck ultrasonography and FNA to identify thyroid
nodules in the contralateral lobe and suspicious lymph
nodes (167). Papillary cancer was found in nearly 29%
of the surgical specimens: half in the remaining thyroid
lobe and half in metastatic lymph nodes. Moreover,
posttherapy whole-body scans demonstrated lung
metastases in 28% and lymph node metastases in 33%
of the children. However, 21% developed hypopara-
thyroidism and 5.2% unilateral laryngeal nerve palsy.
Thus, completion thyroidectomy allowed for the diag-
nosis and treatment of persistent thyroid cancer and
lung or lymph node metastases in 61% of the patients in
whom residual disease was not previously recognized,
but the high complication rate of surgery underscores
that highly trained and experience surgeons must per-
form thyroidectomy in children.
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Lundell G, Wallin G, Bäckdahl M. Addition of
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R, Höppner W. Prophylactic thyroidectomy in 75
children and adolescents with hereditary medullary
thyroid carcinoma: German and Austrian experience.

World J Surg 1998; 22:744–751.
195. Udelsman R, Lakatos E, Ladenson P. Optimal surgery

for papillary thyroid carcinoma. World J Surg 1996;
20:88–93.

196. Pattou F, Combemale F, Fabre S, Carnaille B,
Decoulx M, Wemeau JL, Racadot A, Proye C. Hypo-
calcemia following thyroid surgery: Incidence and

prediction of outcome. World J Surg 1998; 22:718–724.
197. Sosa JA, Bowman HM, Tielsch JM, Powe NR,

Gordon TA, Udelsman R. The importance of surgeon

experience for clinical and economic outcomes from
thyroidectomy. Ann Surg 1998; 228:320–328.

198. Driggers RW, Kopelman JN, Satin AJ. Delaying

surgery for thyroid cancer in pregnancy—a case
report. J Reprod Med 1998; 43:909–912.

199. Moosa M, Mazzaferri EL. Outcome of differentiated
thyroid cancer diagnosed in pregnant women. J Clin

Endocrinol Metab 1997; 82:2862–2866.
200. Vini L, Hyer S, Pratt B, Harmer C. Management of

differentiated thyroid cancer diagnosed during preg-

nancy. Eur J Endocrinol 1999; 140:404–406.
201. Robbins RJ, Tuttle RM, Sonenberg M, Shaha A,

Sharaf R, Robbins H, Fleisher M, Larson SM.

Radioiodine ablation of thyroid remnants after
preparation with recombinant human thyrotropin.
Thyroid 2001; 11(9):865–869.

202. Goldman JM, Line BR, Aamodt RL, Robbins J.

Influence of triiodothyronine withdrawal time on 131-I
uptake postthyroidectomy for thyroid cancer. J Clin
Endocrinol Metab 1980; 50:734–739.

203. Spencer CA, Takeuchi M, Kazarosyan M, Wang CC,
Guttler RB, Singer PA, Fatemi S, LoPresti JS,
Nicoloff JT. Serum thyroglobulin autoantibodies:

prevalence, influence on serum thyroglobulin measure-
ment, and prognostic significance in patients with
differentiated thyroid carcinoma. J Clin Endocrinol

Metab 1998; 83:1121–1127.
204. Schlumberger M, Mancusi F, Baudin E, Pacini F.

131–I therapy for elevated thyroglobulin levels.
Thyroid 1997; 7:273–276.

205. Wartofsky L, Sherman SI, Gopal J, Schlumberger M,
Hay ID. The use of radioactive iodine in patients with
papillary and follicular thyroid cancer. J Clin Endo-

crinol Metab 1998; 83:4195–4199.
206. Grünwald F, Menzel C, Fimmers R, Zamora PO,

Biersack HJ. Prognostic value of thyroglobulin after

thyroidectomy before ablative radioiodine therapy in
thyroid cancer. J Nucl Med 1996; 37:1962–1964.

207. Schlumberger M. Use of radioactive iodine in patients

with papillary and follicular thyroid cancer: towards a
selective approach. J Clin Endocrinol Metab 1998;
83:4201–4203.

Management of Papillary and Follicular Thyroid Cancer 189



208. Cailleux AF, Baudin E, Travagli JP, Ricard M,

Schlumberger M. Is diagnostic iodine-131 scanning
useful after total thyroid ablation for differentiated
thyroid cancer? J Clin Endocrinol Metab 2000;

85(1):175–178.
209. Simpson WJ, Panzarella T, Carruthers JS, Gospodar-

owicz MK, Sutcliffe SB. Papillar and follicular thyroid
cancer: impact of treatment in 1578 patients. Int J

Radiat Oncol Biol Phys 1988; 14:1063–1075.
210. Brierley J, Maxon HR. Radioiodine and external

radiation therapy. In: Fagin JA, ed. Thyroid Cancer.

Boston/Dordrecht: Kluwer Academic Publishers,
1998: 285–317.

211. Grigsby PW, Siegel BA, Baker S, Eichling JO.

Radiation exposure from outpatient radioactive iodine
(131I) therapy for thyroid carcinoma. JAMA 2000;
283(17):2272–2274.

212. DeGroot LJ, Reilly M. Comparison of 30- and 50-mCi
doses of iodine-131 for thyroid ablation. Ann Intern
Med 1982; 96:51–53.

213. Beierwaltes WH, Rabbani R, Dmuchowski C, Lloyd

RV, Eyre P, Mallette S. An analysis of ‘‘ablation of
thyroid remnants’’ with I-131 in 511 patients from
1947–1984: experience at University of Michigan. J

Nucl Med 1984; 25:1287–1293.
214. Doi SA, Woodhouse NJ. Ablation of the thyroid

remnant and 131I dose in differentiated thyroid cancer.

Clin Endocrinol (Oxf) 2000; 52(6):765–773.
215. Mazzaferri EL, Kloos RT. Using recombinant human

TSH in the management of well-differentiated thyroid
cancer: current strategies and future directions. Thy-

roid 2000; 10(9):767–778.
216. Grigsby PW, Baglan K, Siegel BA. Surveillance of

patients to detect recurrent thyroid carcinoma. Cancer

1999; 85:945–951.
217. Haugen BR, Pacini F, Reiners C, Schlumberger M,

Ladenson PW, Sherman SI, Cooper DS, Graham KE,

Braverman LE, Skarulis MC, Davies TF, DeGroot
LJ, Mazzaferri EL, Daniels GH, Ross DS, Luster M,
Samuels MH, Becker DV, Maxon HR III, Cavalieri

RR, Spencer CA, McEllin K, Weintraub BD, Ridg-
way EC. A comparison of recombinant human
thyrotropin and thyroid hormone withdrawal for the
detection of thyroid remnant or cancer. J Clin

Endocrinol Metab 1999; 84:3877–3885.
218. Robbins RJ, Tuttle RM, Sharaf RN, Larson SM,

Robbins HK, Ghossein RA, Smith A, Drucker WD.

Preparations by recombinant human thyrotropin or
thyroid hormone withdrawal are comparable for the
detection of residual differentiated thyroid carcinoma.

J Clin Endocrinol Metab 2001; 86(2):619–625.
219. Ladenson PW, Braverman LE, Mazzaferri EL,

Brucker-Davis F, Cooper DS, Garber JR, Wondisford

FE, Davies TF, DeGroot LJ, Daniels GH, Ross DS,
Weintraub BD. Comparison of administration of
recombinant human thyrotropin with withdrawal of

thyroid hormone for radioactive iodine scanning in

patients with thyroid carcinoma. N Engl J Med 1997;
337:888–896.

220. Maxon HR. Quantitative radioiodine therapy in the

treatment of differentiated thyroid cancer. Q J Nucl
Med 1999; 43(4):313–323.

221. Mazzaferri EL, Kloos RT. Is diagnostic iodine-131
scanning with recombinant human TSH (rhTSH)

useful in the follow-up of differentiated thyroid cancer
after thyroid ablation? J Clin Endocrinol Metab 2002;
12:703–706.

222. Park HM, Perkins OW, Edmondson JW, Schnute RB,
Manatunga A. Influence of diagnostic radioiodines on
the uptake of ablative dose of iodine-131. Thyroid

1994; 4:49–54.
223. Leger FA, Izembart M, Dagousset F, Barritault L,

Baillet G, Chevalier A, Clerc J. Decreased uptake of

therapeutic doses of iodine-131 after 185-MBq iodine-
131 diagnostic imaging for thyroid remnants in differ-
entiated thyroid carcinoma. Eur J Nucl Med 1998;
25:242–246.

224. Muratet JP, Daver A, Minier JF, Larra F. Influence of
scanning doses of iodine-131 on subsequent first
ablative treatment outcome in patients operated on

for differentiated thyroid carcinoma. J Nucl Med 1998;
39:1546–1550.

225. Muratet JP, Giraud P, Daver A, Minier JF, Gamelin

E, Larra F. Predicting the efficacy of first iodine-131
treatment in differentiated thyroid carcinoma. J Nucl
Med 1997; 38:1362–1368.

226. Bajen MT, Mane S, Munoz A, Garcia JR. Effect of a

diagnostic dose of 185 MBq 131I on postsurgical thy-
roid remnants. J Nucl Med 2000; 41(12):2038–2042.

227. Morris LF, Waxman AD, Braunstein GD. The

nonimpact of thyroid stunning: remnant ablation
rates in (131)I-scanned and nonscanned individuals. J
Clin Endocrinol Metab 2001; 86(8):3507–3511.

228. Ozata M, Suzuki S, Miyamoto T, Liu RT, Fierro-
Renoy F, DeGroot LJ. Serum thyroglobulin in the
follow-up of patients with treated differentiated

thyroid cancer. J Clin Endocrinol Metab 1994; 79:
98–105.

229. Ronga G, Filesi M, Ventroni G, Vestri AR, Signore A.
Value of the first serum thyroglobulin level after total

thyroidectomy for the diagnosis of metastases from
differentiated thyroid carcinoma. Eur J Nucl Med
1999; 26:1448–1452.

230. Pacini F, Lari R, Mazzeo S, Grasso L, Taddei D,
Pinchera A. Diagnostic value of a single serum
thyroglobulin determination on and off thyroid

suppressive therapy in the follow-up of patients with
differentiated thyroid cancer. Clin Endocrinol 1985;
23:405–411.

231. Ringel M, Ladenson P, Levine MA. Molecular
diagnosis of residual and recurrent thyroid cancer by
amplification of thyroglobulin messenger ribonucleic

Mazzaferri190



acid in peripheral blood. J Clin Endocrinol Metab

1998; 83:4435–4442.
232. Torrens JI, Burch HB. Serum thyroglobulin measure-

ment: utility in clinical practice. Endocrinologist 1996;

6:125–144.
233. Spencer CA, Takeuchi M, Kazarosyan M. Current

status and performance goals for serum thyroglobulin
assays. Clin Chem 1996; 42:164–173.

234. Pacini F, Lippi F, Formica N, Elisei R, Anelli S,
Ceccarelli C. Therapeutic doses of iodine-131 reveal
undiagnosed metastases in thyroid cancer patients

with detectable serum thyroglobulin levels. J Nucl
Med 1987; 28:1888–1891.

235. Feine U, Lietzenmayer R, Hanke JP, Held J, Wöhrle

H, Müller-Schauenburg W. Fluorine-18-FDG and
iodine-131-iodide uptake in thyroid cancer. J Nucl
Med 1996; 37:1468–1472.

236. Wang W, Larson SM, Fazzari M, Tickoo SK, Kolbert
K, Sgouros G, Yeung H, Macapinlac H, Rosai J,
Robbins RJ. Prognostic value of [18F]fluorodeoxyglu-
cose positron emission tomographic scanning in

patients with thyroid cancer. J Clin Endocrinol Metab
2000; 85(3):1107–1113.

237. Huang TS, Chieng PU, Chang CC, Yen RF. Positron

emission tomography for detecting iodine-131 non-
visualized metastasis of well-differentiated thyroid
carcinoma: Two case reports. J Endocrinol Invest

1998; 21:392–398.
238. Bakheet SMB, Powe J. Fluorine-18-fluorodeoxyglu-

cose uptake in rheumatoid arthritis-associated lung
disease in a patient with thyroid cancer. J Nucl Med

1998; 39:234–236.
239. Mazzaferri EL. Treating high thyroglobulin with

radioiodine. A magic bullet or a shot in the dark? J

Clin Endocrinol Metab 1995; 80:1485–1487.
240. Schlumberger MJ. Diagnostic follow-up of well-differ-

entiated thyroid carcinoma: historical perspective and

current status. J Endocrinol Invest 1999; 22(suppl):
3–7.

241. Pineda JD, Lee T, Ain K, Reynolds J, Robbins J.

Iodine-131 therapy for thyroid cancer patients with
elevated thyroglobulin and negative diagnostic scan. J
Clin Endocrinol Metab 1995; 80:1488–1492.

242. Schlumberger M, Arcangioli O, Pierkarski JD, Tubi-

ana M, Parmentier C. Detection and treatment of lung
metastases of differentiated thyroid carcinoma in
patients with normal chest x-rays. J Nucl Med 1988;

29:1790–1794.
243. Pujol P, Daures JP, Nsakala N, Baldet L, Bringer J,

Jaffiol C. Degree of thyrotropin suppression as a

prognostic determinant in differentiated thyroid can-
cer. J Clin Endocrinol Metab 1996; 81:4318–4323.

244. Cooper DS, Specker B, Ho M, Sperling M, Ladenson

PW, Ross D, Ain KB, Bigos ST, Brierley JD, Haugen
BR, Klein I, Robbins J, Sherman SI, Taylor T, Maxon
HR III. Thyrotropin suppression and disease pro-

gression in patients with differentiated thyroid cancer:

results from the National Thyroid Cancer Treatment
Cooperative Registry. Thyroid 1999; 8:737–744.

245. Kamel N, Gullu S, Dagci IS, Corapcioglu D,

Tonyukuk C, V, Uysal AR, Baskal N, Erdogan G.
Degree of thyrotropin suppression in differentiated
thyroid cancer without recurrence or metastases.
Thyroid 1999; 9(12):1245–1248.

246. Farahati J, Reiners C, Stuschke M, Müller SP, Stüben
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Anaplastic Thyroid Carcinoma

Arthur E. Schwartz and Margaret Brandwein-Gensler

Mount Sinai School of Medicine, New York University, New York, New York, U.S.A.

Anaplastic thyroid carcinoma (ATC) is the dark side of
thyroid malignancy. One can only wonder why the
thyrocyte, the progenitor of the usually easily controlled
well-differentiated thyroid cancers, also gives rise to
virulent, relentless, and almost universally lethal ana-
plastic thyroid cancer (Fig. 1). Although only 2–5% of
thyroid carcinomas are anaplastic, they account for
approximately 50% of the 1200 annual deaths in the
United States from thyroid malignancy (1). In the
United States from 1973 to 1991, ATC constituted
1.4% of thyroid cancer with an estimated yearly inci-
dence of 1.6%. This represents an annual incidence of
300 cases (2).

The outlook for survival is poor. In most series life
expectancy is measured in months from the time of
diagnosis. The overall average is 3–6 months, but some
patients survive 2 or more years (Fig. 2). Despite ag-
gressive treatment, the cause of death is frequently the
inability to control local neck disease.

1 DEMOGRAPHICS

As in most thyroid conditions, benign and malignant,
the incidence of ATC is more prevalent in women than
men. Some series report a ratio of 3 or 2 to 1, as in most
other thyroid disease, while others find anaplastic car-
cinoma to have less of a predilection for women, citing a
ratio of 1.5 female to 1 male (1,3). Anaplastic thyroid
cancer is usually an affliction of the elderly, from the
seventh to ninth decades of life; it is rarely diagnosed in

individuals younger than 50 years of age (Fig. 3). In
contrast to differentiated thyroid cancer, the prognosis
is not closely related to the age of onset, although
younger patient are said by some to survive somewhat
longer than those of advanced age. Despite the aging of
the general population as a result of increased life
expectancy, the incidence of ATC appears to be decreas-
ing. Although some of the observed decline may be the
result of more stringent histological requirements, the
trend appears real. The proportion of ATC in Bombay
decreased from 7.7 to 4.2% from the period of 1969–73
to 1989–93, although the number of thyroid cancers
more than tripled during this period (4). A similar
decrease in the proportion of anaplastic thyroid carci-
noma to well-differentiated thyroid cancer has been
reported from Italy (5).

2 CLINICAL PRESENTATION

A rapidly expanding neck mass, often painful, heralds
the disease in almost all patients. In most cases the
tumor is already substantial in size (5–6 cm) at the
time of presentation. The most common symptoms are
directly due to the expansion and infiltration of the tu-
mor in the neck. Difficulties in swallowing, speaking,
and breathing appear in over 30% of patients. Hoarse-
ness, which may be a reflection of recurrent nerve
involvement, is present in a similar proportion. Neck
pain, weight loss, and cough are common companions
to these symptoms. These findings are rare in patients
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with well-differentiated thyroid cancer and are there-
fore ominous signs when they present in an older
patient.

Half of the patients have disseminated metastases at
presentation: 90% in lungs, 15% in bone, and 15% in
brain (6). Neck nodes are usually involved, but this may
not be clinically apparent because fascial planes do not
restrain the primary tumor. It may impossible to iden-
tify the lymph nodes in the overall mass (Fig. 4). Tumor
quickly invades the thyroid capsule and adjacent struc-
tures. Soft tissues of the neck, cervical musculature, as
well as trachea and esophagus are penetrated by direct

extension; the initial finding is often a large inclusive
irregular mass. Direct tracheal invasion is not unusual
(Fig. 5) (see also Chapter 8). Tracheostomy is often
required for survival; it was performed in 42 of 82 cases,
as reported by Nel et al., sometimes as a prelude to
radiotherapy (7). Pulmonary metastases were found in
87% of fatal cases reported by Silverberg et al. (8).
Althoughmetasases appear most frequently in the lungs
and bones, pleura, liver, adrenal, pancreas, and other
distant sites may also be involved (9). In an autopsy
study of 15 patients who died from ATC, all had
pulmonary metastases, 80% had metastases in bone,
60% in soft tissues of the neck, 27% in the trachea, and
more than half to other soft tissues of the body (10). The

Figure 1 Relative survival by histology of thyroid carcino-

mas diagnosed between 1985–1990. (From Ref. 36.)

Figure 2 Overall survival after a diagnosis of anaplastic
thyroid carcinoma. (From Ref. 1.)

Figure 3 Age distribution (in percent) of thyroid carcinoma
by histology. (From Ref. 36.)

Figure 4 CT scan showing a large invasive anaplastic thy-

roid carcinoma extending into adjacent tissues and displacing
the trachea. (Courtesy of Dr. Peter Sam.)
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disease is almost always widely disseminated at the time
it presents, and the lethal outcome already determined.
It is not surprising that anaplastic thyroid carcinoma is
classified Stage IV, regardless of tumor size, nodes, or
metastases (11).

3 DIAGNOSIS

3.1 Clinical

A thyroid tumor in an older patient that is painful,
growing rapidly, and presents an indurated irregular
mass fixed to the adjacent tissues is suspicious for ATC.
Cervical nodes are frequently involved and hoarseness
may be present.

Evaluation of the extent of the tumor and particu-
larly the invasion of muscles and trachea is critical in
considering therapeutic decision choices. Magnetic res-
onance imaging (MRI) is the most useful diagnostic
technique because it evaluates soft tissues accurately
and can offer the surgeon information about the possi-
ble resection of the tumor and the extent of surgery that
would be required.

3.2 Pathology

On gross examination, anaplastic thyroid carcinoma
give rise to large, obviously invasive tumors that may
contain necrotic and hemorrhagic foci (Fig. 6). Vascular
invasion is a common finding, as is necrosis. The tumor
is composed of malignant spindle cells, multinucleated
tumor giant cells, and polygonal squamoid cells in
varying proportions (Fig. 7). Spindle cell predominant
ATC can therefore resemble sarcoma, or vice versa
(Fig. 8). The multinucleated tumor giant cells can be
accompanied by osteoclast-like cells and in this way
simulate metastatic breast carcinoma. In addition, ATC
with a prominent squamoid component can mimic
aggressive upper aerodigestive squamous carcinomas
that have metastasized to the cervical soft tissues.

Foci of well-differentiated thyroid carcinoma (papil-
lary or follicular) are commonly foundwithin anaplastic
cancer; this transformation supports the diagnosis of
anaplastic thyroid carcinoma. It speaks for ‘‘dediffer-
entiation’’ of well-differentiated thyroid cancer into
anaplastic cancer (12–14).

3.3 Fine Needle Biopsy

As inmost thyroid tumors, fine needle aspiration biopsy
is the diagnostic option of first choice and has the
highest yield. Since the tumor is most frequently dis-

seminated widely throughout the gland rather than
constituting a local focus, needle biopsy is usually an
effectivemethod tomake the diagnosis (see Chapter 10).
A core or open biopsy may be required to rule out other
tumors such as lymphomas, undifferentiated medullary
carcinoma, or poorly differentiated insular cancers that
can mimic anaplastic cancer histologically.

The classic case of ATC, usually strongly suspected
from the physical findings, is easily confirmed in most
instances by cytology from a fine needle biopsy. The
procedure can be performed readily at the initial
examination of the patient, as an office or bedside
procedure. The finding of bizarre spindle cells, multi-
nucleated giant cells, and irregular pleomorphic cells
validates the diagnosis. If the tumor appears unresect-
able, the patient may be spared an unnecessary and
futile operation.

Fine needle aspiration biopsy allows for greater cell
sampling and is less invasive than open or core biopsy. It
is a cytological technique, however, allowing only the
aspiration and examination of thyroid cells; it does not
afford the opportunity to study the architecture of the
lesion. If a ‘‘cell block’’ is generated from a cytology
specimen it can be paraffin embedded and is available
for immunological study. Should the mass be the result
of a paucicellular or fibrotic process such as Riedel’s
struma, the aspiration may yield little material, consti-
tuting a ‘‘dry tap.’’ In this situation, a true-cut needle
biopsy or open biopsy is the logical next step.

There are limitations, nevertheless, to the fine needle
diagnosis of ATC. If necrosis and inflammation pre-
dominate, the findings may mimic acute thyroiditis.
Rarely, a soft tissue sarcoma may metastasize to the
thyroid or a rare primary thyroid sarcoma may arise.
Fine needle biopsy in this situation may also yield
bizarre malignant spindle cells, leading to the erroneous
diagnosis of ATC (15). The possibility of a sampling
error must also be considered. It is not unusual for ATC
to be mixed with elements of papillary or follicular
carcinoma. The cytological diagnosis of papillary or
follicular thyroid carcinoma in a clinical setting that is
suspicious for anaplastic thyroid cancer does not ex-
clude the possibility that that these conditions may be
accompanied by anaplastic carcinoma.

3.4 Immunochemistry

The differential diagnosis of ATC importantly includes
lymphoma as well as rare primary and metastatic
carcinomas, sqamous carcinoma, melanoma, and sar-
comas. Historically small and large cell lymphomas
were frequently misdiagnosed as ATC, producing a

Anaplastic Thyroid Carcinoma 195



falsely optimistic survival rate for ATC (Fig. 9). It is
probable that 20–25% of previously diagnosed ana-
plastic thyroid cancers actually represent other entities
such as lymphoma,medullary and insular carcinoma, as
well as other malignancies (16). Today, with immuno-
chemical markers for T cells and B cells widely avail-
able, the distinction between lymphoma and ATC is
relatively straightforward.

Immunohistochemical studies developed and em-
ployed over the last 2 decades are routinely performed
in the evaluation of poorly differentiated thyroid can-
cers. These have removed lymphomas and other malig-
nancies from ATC survival statistics, resulting in a
more realistic understanding of the prognosis. These
immunochemical techniques can be performed retro-
spectively on formalin-fixed, paraffin-embedded tissue
sections of previously diagnosed cases, enabling re-
searchers to reevaluate the outlook for ATC.

Thyroglobulin protein is rarely expressed for ATC.
Thyroid transcription factor-1 (TTF-1), a member of
the NKx2 family of transcription factors, is a mediator
of thyroid-specific transcription of the thyroglobulin
(TG) gene. It is a more sensitive marker of thyroid
differentiation, but its expression in ATC as detect-
ed by immunohistochemistry is still relatively rare.
ATC also expresses vimentin, S-100, and cytokeratins
(17–19).

This profile is not specific and does not allow for the
exclusion of other diagnoses such as metastatic squa-
mous carcinoma. In situ hybridization for thyroglobu-
lin mRNA is a more sensitive means of confirming ATC
as being of thyroid origin, though it is not as routinely
available as an ancillary diagnostic test (20).

Although thyroglobulin and TTF-1 expression can
be negative in ATC as well as lymphoma, lymphoma
expresses lymphocyte markers and seldom expresses
keratins.

In a study of 30 tumors from M.D. Anderson Hos-
pital, Venkatesh and colleagues (9) found the expression
of keratin to be the single most useful epithelial marker
in confirming the diagnosis of anaplastic thyroid cancer,
differentiating it from other tumors including sarcomas,
melanomas, and lymphomas. Keratin was present in 24
of 30 tumors studied (80%). In 9 of these cases, staining
occurring in over 50% of the cells. In addition, 10
tumors (33%) stained for epithelial membrane antigen
(EMA); all of these also reacted for keratin. The ex-
pression of keratin is valuable in distinguishing ATC
from malignancies of nonthyroid origin such as lym-
phomas, sarcoma, and melanoma. Epithelial mem-
brane antigen (present in 33% of ATC, as noted) can
also assist in the differential diagnosis.

Although 28 tumors in this study stained for vimen-
tin (93.3%), with a pattern similar to that of keratin,
vimentin is present in somany diverse tumors, e.g., lung,
ovary, endometrium, and aerodigestive tract, as well
as in normal endometrium, that it is not useful in the
diagnosis of ATC (9).

When long-term survivors of ATC are evaluated and
the pathology is reviewed, it is often found that some of
these patiens actually had lymphomas that responded
to radiotherapy or chemotherapy, or medullary carci-
nomas that classically have a slow progression. Indeed,
in ‘‘ATC’’ patients who survive more than 2 years,
careful histological and immunological review is re-
quired. When cases of lymphoma are excluded, survival
is far less.

The differential diagnosis of ATC also includes
squamous carcinoma, small-cell variant of medullary
carcinoma, and insular-type follicular carcinoma. As
previously noted, immunohistochemistry may not be
able to distinguish ATC from primary or secondary
squamous carcinoma. Medullary carcinoma can be
distinguished from ATC by the expression of calcitonin
and carcinoembryonic antigen (CEA). Insular-type
follicular carcinoma (poorly differentiated carcinoma)
can be distinguished by its diffuse and abundant thy-
roglobulin and TTF expression, as well as careful
histological study.

3.5 Anaplastic Carcinoma Arising Within

Well-Differentiated Thyroid Cancer

The presence of well-differentiated thyroid carcinoma
in association with ATC can be helpful in confirming
the diagnosis of ATC and also supports the hypothesis
that the disease may arise as a terminal dedifferentia-
tion of well-differentiated thyroid cancer, (Fig. 10).
In the report from M.D. Anderson Hospital, 89% of
the 74 cases of ATC with sufficient tissue for histo-
logical examination demonstrated areas of transfor-
mation of differentiated carcinoma to ATC (3). The
frequent presence of foci of well-differentiated thy-
roid carcinoma within ATC may be considered evi-
dence of transformation, suggesting ‘‘dedifferentiation’’
of well- differentiated thyroid carcinoma into ATC
(14,21,22).

Current models of thyroid carcinogenesis demon-
strate a stepwise process of progressive loss of tumor
suppressor genes. Transgenic mice with the ret/PTC1
rearrangement all developed thyroid carcinomas.Cross-
breeding with p53 knockout mice resulted in some
offspring with ret/PTC1 p53-negative homozyous geno-
types. Those mice with homozygous p53 deletions
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developed anaplastic-like thyroid carcinomas. By com-
parison, mice with ret/PTC1 with heterozygous p53
deletions or wild-type p53 developed less aggressive
or nonmetastasizing thyroid malignancies (23). Studies
on human thyroid malignancies confirm that abnormal
p53 proteins (as well as p21, another tumor suppressor
protein) are common to ATC, but not to other thyroid
malignancies (24,25). These observations support not
only the concept of progessive genetic loss inducing
anaplastic phenotype, but also the immunohistochem-
ical expression of p53 and p21 to confirm the diagnosis
of anaplastic progression.

4 MANAGEMENT

In the face of a neck mass expanding at a frightening
rate, the surgeon as well as the patient feels a need to act
decisively. Every possible combination of chemother-
apy, radiotherapy, and surgery has been employed in
the attempt to control this devastating disease, but there
has been no improvement in survival over the last three
to four decades. Since this is a rare condition that kills
quickly and there are only a few patients from any
individual institution, there have been no randomized
trials of therapy; the results of differing protocols are
almost impossible to evaluate. Improvements in sur-
vival, if any, are measured in months. The main effort in
most cases is palliation: the effort to control local
disease so that the patient expires from distant metas-
tases rather than suffocation. This is a reasonable
objective because the great majority of anaplastic thy-
roid patients have metastatic disease at the time of
diagnosis, most frequently in the lungs. Indeed, dyspnea
is the most ominous of presenting findings, foretelling a
minimal life expectancy.

4.1 Surgery

Only an occasional patient is a candidate for total
thyroidectomy because the disease classically presents
in an advanced stage. Extensive invasion of adjacent
structures makes a definitive resection impossible in
most cases. Surgical treatment usually consists of
debulking and/or performing a tracheostomy in the
hope of preventing airway obstruction. Extensive sur-
gical procedures that involve resections of the trachea,
esophagus, or major vessels of the neck are rarely
justified. Debulking disease, though appealing in con-
cept, has not contributed to an increase in survival.

Surgery is often undertaken to preserve the airway in
patients who present with frozen central compartments

accompanied by narrowing and invasion of the airway.
Although it does not lengthen survival, palliative tra-
cheostomy is usually performed when the airway is
compromised by gross disease that cannot be removed,
in the hope that it will protect the patient from complete
tracheal obstruction due to direct tracheal invasion and
fungation that is common in this disease.

Therapeutic tracheotomy is obviously required when
tumor obstructs the airway. It is doubtful, however,
that it is of value in the face of incompletely removed
local tumor that has not encroached on the airway. In a
study of 32 anaplastic carcinoma patients who had a
tracheostomy, half of which were prophylactic, Holting
and associates (26) found that survival was approxi-
mately 2 months. In 45 patients who did not have
tracheostomy, survival averaged 5 months. Although
the results of the study were certainly biased in that
larger and more infiltrating tumors were selected for
tracheostomy, the results do not support the use pro-
phylactic tracheostomy for the prevention of respira-
tory obstruction when none is present clinically. In
addition, wound-healing problems developed in some
of the tracheotomy patients that interfered with radio-
therapy (26).

Some authors report improved survival when com-
plete resection is possible. In a report of 21 cases of ATC
from Roswell Park, 5 patients who underwent complete
resections had amedian survival of 131months. Four of
these had postoperative radiotherapy with or without
sequential chemotherapy (27).

Total resection, however, does not insure local con-
trol. In 82 patients with ATC, Nel and associates de-
scribe 34 patients who underwent thyroid resection
with curative intent. In 10 of these patients, tumor
recurred locally: esophagus (4 patients), trachea (3
patients), muscle (1 patient), lymph nodes (1 patient),
and thyroid remnant (1 patient) (7).

Haigh et al. (28), reporting 33 cases from Princess
Margaret Hospital, Toronto, disclosed that 8 patients
had complete resection by total thyroidectomy com-
bined with adjuvant chemotherapy and radiation (4
were surgically free of disease and 4 had minimal re-
sidual disease). Their median survival was 43 months
compared with a 3-month survival in those patients in
whom the disease was unresectable (28).

In a study of 121 patients from M.D. Anderson
Hospital, the mean overall survival was 7.2 F 10
months. Those patients with tumors small enough to
permit thyroidectomy, and when accompanied by che-
motherapy, radiotherapy, or both, were noted to sur-
vive longer. Patients in whom thyroidectomy was
performed had a mean survival of 8.1 F 10.7 years,
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whereas those in whom the tumor was beyond the neck
area survived 3.3 F 3.7 years. This difference, however,
did not reach statistical significance (9).

Many authors observe increased survival when the
tumor is small enough to be completely removed by
total thyroidectomy (7,27,28). Other disagree; in a re-
cent report of 134 patients treated over a period of 50
years at theMayo Clinic, it was concluded that ‘‘neither
the extent of the operation nor the achieved complete-
ness of resection had a significant impact on survival,
with a median survival of 2.3 months for patients with
gross residual disease after operation, and 4 months for
patients with complete tumor resection’’ (1).

4.2 Focal Anaplastic Carcinoma Within

Well-Differentiated Thyroid Cancer

What is the prognostic implication of an incidental
finding of ATC within well-differentiated thyroid can-
cer?

Tollefsen and colleagues (30) observed 70 patients
from Memorial Sloan Kettering Cancer Center who
died as the result of papillary thyroid carcinoma. Eight-
een of these patients were observed to have foci of
anaplastic dedifferentiation within their tumors (defined
as ‘‘foci of spindle and/or giant cell metaplasia’’). Eight
of the patients with papillary carcinoma who had
‘‘minute’’ foci of spindle and giant cells had a mean
survival of 5 years; four patients with ‘‘small’’ foci had a
mean survival of 2 year; a third group of six patients
with a ‘‘large area of metaplasia’’ survived an average of
5 months, similar to the usual survival of anaplastic
cancer (30).

This study was published in 1964 and is subject to
criticism based on the state of the art for that time;
immunochemical methods to differentiate lymphoma
and other tumors were not in use. Certainly, some large
cell lymphomas could not be distinguished from the
group of malignancies with pure ‘‘giant-cell metapla-
sia.’’ Notwithstanding, this report revealed a telling
correlation between the amount of anaplastic differen-
tiation and overall survival.

Aldinger and associates (3), however, in a report
from M.D. Anderson Hospital, were unable to demon-
strate a consistent survival advantage in patients with
limited foci of anaplastic transformation. Some of the
long-term survivors in their 84 patients with anaplastic
thyroid carcinoma had ‘‘small foci of spindle or giant
cell transformation with the majority of the tumor mass
representing differentiated thyroid carcinoma’’ in the
initial lesion. However, the overall mean survival of
eight other patients with this same finding was 3.2

months. They concluded that the presence of minute
areas of anaplastic cancer ‘‘does not guarantee a favor-
able response to treatment’’ (3).

Sugino and coworkers (31), in a series of 40 consec-
utive patients with anaplastic thyroid carcinoma who
presented without distant metastases, reported that in
11 patients who had a thyroidectomy for a preoperative
diagnosis of well-differentiated thyroid cancer, an inci-
dental focus of anaplastic carcinoma was discovered on
histological examination. Eight of the 11 patients were
alive at one year, and 5 were alive at 2 years. They
concluded that although the survival rate of patients
with a small focus of anaplastic cancer was better over-
all, some patients with incidental foci of anaplastic
cancer had the same poor outlook as those with gross
tumors. No variable allows for the prediction of which
patients with incidental foci of ATC will have a favor-
able outcome.

4.3 Radiotherapy

Postoperative external beam radiotherapy is frequently
used following surgery, sometimes combined with che-
motherapy. In such a series of 91 patients from the
Beatson Oncology Center in Glasgow, the median
survival was reported to be 21 weeks, with a 3-year sur-
vival rate of 11%. Dyspnea was found to be the only
symptom strongly influencing the outlook; it foreshad-
owed a minimum survival. Of 70 patients who received
radiotherapy and in whom information was available
for the site of relapse, 50 recurred locally, demonstrat-
ing that this modality cannot be relied upon for the
control of local neck disease. There was no survival
benefit with the addition of chemotherapy. Similarly,
radiotherapy offered no increase in survival in the
studies fromMayo Clinic andM.D. Anderson Hospital
(7,9,29).

4.4 Chemotherapy

Chemotherapeutic drugs have been extensively included
in the management of ATC, usually in combination
with radiotherapy, but sometimes alone. These include
paclitaxel (TaxolR), doxorubicin (AdriomycinR), 5-flu-
oruracil, cisplatin, bleomycin, cyclophosphamide, and
others. Results have been disappointing.

The addition of chemotherapy to radiation and
surgery represents the hope of controlling local neck
disease so that the patient does not suffocate, but
expires from metastases. Although doxorubicin is the
drug most frequently employed, paclitaxel is recently
said to have at least equal potency and perhaps more.
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The use of doxorubicin as a radiosensitizer accom-
panied by hyperfractional radiotherapy, introduced by
Kim and Leeper from Memorial Hospital, was said to
offer an improvement in control of local disease. They
reported achieving local control in 68% of 19 patients
(32). The biological advantage of dose fractionation is
that it affects rapidly growing tumors producing an
early response and spares slowly responding normal
tissues, thereby offering a therapeutic gain (33). The use
of chemotherapeutic agents such as doxorubicin and
cisplatin is unfortunately accompanied by severe tra-
cheitis, pharyngitis and esophagitis, especially since
they are usually combined with radiotherapy. The
addition of chemotherapy and radiotherapy certainly
reduces the patient’s remaining quality of life.

In a recent report, Tennvall et al. (34) from the Lund
University Hospital in Sweden reported on evolving
protocols (three were described) of hyperfractionated
radiotherapy in combination with doxorubicin and
surgery when feasible. Chemotherapy consisted
entirely of preoperative doxorubicin (they identify it
as the most effective drug) and fractionated radio-
therapy. In two protocols radiation was given pre-
and postoperatively, and in the third it was given
entirely preoperatively at an accelerated rate of 1.6
Gy twice daily. In this group a total dose of 46 Gy was
administered in 2 weeks followed by surgery 2 weeks
later. None of the 17 patients in this group died of local
recurrence in the neck, although additional surgery was
sometimes required. The authors attributed this to the
accelerated radiotherapy. Of a total of 55 patients in
the three groups, 40% developed local recurrence,
although death was attributed to local failure ‘‘in only
24% of patients.’’ Nine percent survived more than 2
years. Overall median survival was in the area of 3
months (34).

5 SURVIVAL

No standard protocol of surgery, radiotherapy, or
chemotherapy has been proved to increase survival.
The median life expectancy from the time of diagnosis
is approximately 3–4 months. Indeed a long survival
brings the original diagnosis under suspicion and man-
dates a review of the slides.

Perhaps 10 percent of patients survive more than a
year with some patients living 2 or more years (Fig. 2).
There are rare long-term survivors. Two-year survivals
range from almost none (35) to 14% (9). In a report of
82 patients, Nel and colleagues found that 8 were alive
at 2 years, but at 3 years only 3 had survived (7).

In trying to define favorable factors, dividing patients
into short-term and long-term (over 2 years) survivors,
Venkatesh and colleagues found that long-term survi-
vors (54.1 F 13.7 years) were significantly younger at
diagnosis than short-term survivors (63.9F 10.5 years),
but this did not reach statistical significance. As noted
ealier, complete tumor resection also improved the out-
look in this report, but again was not statistically sig-
nificant (9).

It is thought that favorable factors are minimal
lesions that are completely resected, the addition of ra-
diotherapy and chemotherapy, and an onset below 45
years of age.

6 CONCLUSION

Our inability to influence the course of ATC is hum-
bling. It reminds us that as much as we have learned,
there is more that we do not know. This merciless
condition will require an understanding of disease pro-
cesses that are as yet unknown and will yield to therapy
we have yet to discover.

REFERENCES

1. McIver B, Hay ID, Giuffrida DF, et al. Anaplastic
thyroid carcinoma: a 50-year experience at a single ins-
titution. Surgery 2001; 130:1028–1034.

2. Gilliland FD, Hunt WC, Morris DM, et al. Prognostic

factors for thyroid carcinoma. A population-based
study of 15,698 cases from the Surveillance, Epidemiol-
ogy and End Results (SEER) program 1973-1991.

Cancer 1997; 79:564–573.
3. Aldinger KA, Samaan NA, Ibinez M, et al. ATC of

the thyroid: a review of 84 cases of spindle and giant

cell carcinoma of the thyroid. Cancer 1978; 41:2267–
2275.

4. Agrawal S, Rao RS, Parikh DM, et al. Histologic
trends in thyroid cancer 1969–1993: a clinico-pathologic

analysis of the relative proportion of ATC of the thyroid.
J Surg Oncol 1996; 63:251–255.

5. Lampertico P. Anaplastic (sarcomatoid) carcinoma of

the thyroid gland. SeminDiagn Pathol 1993; 10:159–168.
6. Ain KB. Anaplastic thyroid carcinoma: a therapeutic

challenge. Semin Sur Oncol 1999; 16:64–69.

7. Nel CJ, vanHeerdon JA, Goelinger JR, et al. ATC of the
thyroid: a clinico-pathologic study of 82 cases. Mayo
Clin Proc 1985; 60:51–58.

8. Silverberg SG, Hutter RV, Foote FW. Fatal carcinoma
of the thyroid: histology,metastases, and causes of death.
Cancer 1970; 25:792–802.

9. Venkatesh YS, Ordonez NG, Schultz PN, et al. ATC of

Anaplastic Thyroid Carcinoma 199



the thyroid. A clinicopathologic study of 121 cases.

Cancer 1990; 66:321–330.
10. Thomas CG Jr, Buckwalter JA. Poorly differentiated

neoplasms of the thyroid gland. Ann Surg 1973; 177:

632–642.
11. Fleming D, et al. eds. American Joint Committee on

Cancer Manual for Staging of Cancer. 5th ed. Philadel-
phia: Lippincott-Raven, 1997.

12. Carcangiu ML, Steeper T, Zampi G, et al. Anaplastic
thyroid carcinoma. A study of 70 cases. Am JClin Pathol
1985; 83:135–158.

13. Spires JR, Schwartz MR,Miller RH. Anaplastic thyroid
carcinoma. Association with differentiated thyroid can-
cer. Arch Otolaryngol Head Neck Surg 1991; 1988 114:

40–44.
14. Ordonez NG, El-Naggar AK, Hickey RC, et al. Ana-

plastic thyroid carcinoma. Immunocytochemical study

of 32 cases. Am J Clin Pathol 1991; 96:15–24.
15. Andrion A, Gaglio A, Dogliani N, et al. Liposarcoma

of the thyroid gland. Fine-needle aspiration cytology,
immunohistology, and ultrastructure. Am J Clin Pathol

1991; 95:675–679.
16. Holting T, Moller P, Tschahargane C, et al. Immuno-

histochemical reclassification of anaplastic carcinoma

reveals small and giant cell lymphoma. World J Surg
1990; 14:291–295.

17. Bejarano PA, Nikiforov YE, Swenson ES, et al. Thyroid

transcription factor-1, thyroglobulin, cytokeratin 7, and
cytokeratin 20 in thyroid neoplasms. Appl Immunohis-
tochem Mol Morphol 2000; 8:189–194.

18. Miettinen M, Franssila KO. Variable expression of

keratins and nearly uniform lack of thyroid transcription
factor 1 in thyroid anaplastic carcinoma. Hum Pathol
2000; 31:1139–1145.

19. Sierra M, Gamboa-Dominguez A, Herrera MF, et al.
Anaplastic carcinoma of the thyroid at the Instituto
Nacional de la Nutricion Salvador Zubiran. Rev Invest

Clin 1997; 49:97–103.
20. Papotti M, Volante M, Negro F, et al. Thyroglobulin

mRNA expression helps to distinguish anaplastic car-

cinoma from angiosarcoma of the thyroid. Virchows
Arch 2000; 437:635–642.

21. Carcangiu ML, Steeper T, Zampi G, et al. J. Anaplastic
thyroid carcinoma. A study of 70 cases. Am J Clin

Pathol 1985; 83:135–158.
22. Spires JR, Schwartz MR, Miller RH. Anaplastic thy-

roid carcinoma. Association with differentiated thy-

roid cancer.ArchOtolaryngolHeadNeckSurg Jan1988;
114:40–44.

23. La Perle KM, Jhiang SM, Capen CC. Loss of p53 pro-

motes anaplasia and local invasion in ret/PTC1-induced
thyroid carcinomas. Am J Pathol 2000; 157: 671–677.

24. Wierzchowski W, Szybinski P, Nowak W, et al. Poorly

differentiated carcinoma of the thyroid—immunohisto-
chemical evaluation of p53 and p27 protein expression.
Wiad Lek 2001; 54(suppl)1:79–87.

25. Lam KY, Lo CY, Chan KW, et al. Insular and ana-

plastic carcinoma of the thyroid: a 45-year compara-
tive study at a single institution and a review of the
significance of p53 and p21. Ann Surg 2000; 231:329–

338.
26. Holting T, Meybier H, Buhr H. Status of trachoestomy

in treatment of respiratory emergency in anaplastic

thyroid cancer. Wien Klin Wochenschr 1990; 102:264–
266.

27. Tan RK, Finley RK, Driscoll D, et al. Anaplastic

carcinoma of the thyroid: a 24-year experience. Head
Neck 1995; 17:41–48.

28. Haigh PI, Ituarte PH,WuHS, et al. Completely resected
(ATC) combined with adjuvant chemotherapy is asso-

ciated with prolonged survival. Cancer 2001; 91:2335–
2342.

29. Junor EJ, Paul J, Reed NS. Anaplastic thyroid carcino-

ma: 91 patients treated by surgery and radiotherapy. Eur
J Sur Oncol 1992; 18:83–88.

30. Tollefsen RH, De Cosse JJ, Hutter VP. Papillary

carcinoma of the thyroid: a clinical and pathological
study of 70 fatal cases. Cancer 1964; 17:1035–1044.

31. Sugino K, Koichi I, Mimura T, et al. The importance of
operations in the management of anaplastic thyroid

carcinoma. Surgery 2002; 131:245–248.
32. Kim J, Leeper R. Treatment of locally advanced thyroid

carcinoma with combination doxorubicin and radiation

therapy. Cancer 1987; 60:2372–2375.
33. Withers HR. Biologic basis for altered fractionation

schemes. Cancer 1985; 55:2086–2095.

34. Tennvall J, Lundell G, Wahlberg P, et al. Anaplatic
thyroid carcinoma: three protocols combining doxoru-
bicin, hyperfractionated radiotherapy and surgery. Br.J

Cancer 2002; 86:1848–1853.
35. Norton J, Doppman J, Jensen R. Cancer of the

endocrine system. In: DeVita A, Hellmann S, Rosenberg
S, eds. Cancer, 4th edition. Philadelphia: JB Lippincott,

1989:1337.
36. Hundahl SA, Fleming ID, Fremgen AM. A national

cancer data base report on 58,856 cases of thyroid

carcinoma treated in the U.S., 1985-1995. Cancer 1998;
83:2638–2649.

Schwartz and Brandwein-Gensler200



15

Endoscopic Thyroid Surgery

Laurent Biertho

Les Cliniques Saint Joseph, Liege, Belgium

Michel Gagner

Mount Sinai School of Medicine, New York University, New York, New York, U.S.A.

1 INTRODUCTION

Thyroid resection is one of the most common opera-
tions performed throughout the world. This procedure
is classically realized through a transverse cervical inci-
sion and is associated with a very low morbidity and
mortality rate. However, the visible scar on the anterior
surface of the neck is disliked by many patients, espe-
cially by young women in which this operation is
commonly performed.

With the general tendency to perform a less invasive
surgery, an endoscopic approach has been applied to
neck surgery. The first endoscopic neck exploration was
performed in 1995 for parathyroidectomy (1). Since
then, endoscopic parathyroid resections have been per-
formed worldwide, and large series have been reported
(2,3).

After experimentation on animal models (4) showing
the feasibility of the technique, Hüscher performed the
first endoscopic thyroid resection in 1997 (5). Nonethe-
less, endoscopic thyroid surgery is more technically
challenging, compared to parathyroidectomy, due to
the size of the thyroid gland, the extent of the dissection
required, and the higher rate of malignancy.

The current indications, techniques, and results of en-
doscopic thyroid surgery are described in this chapter.

2 PREOPERATIVE WORKUP

In addition to a detailed history, physical examination,
and thyroid function tests, the following exams are
usually realized.

Ultrasonography is performed to define the dimen-
sion, nature and localization of the thyroid pathology
and to evaluate the contralateral lobe. A Doppler study
is also used to assess the vascularization of the gland in
case of thyroiditis.

Fine needle aspiration is used to define the histology
of ‘‘cold’’ nodules and, before endoscopic thyroid sur-
gery, to rule out a carcinoma. Atypical or suspicious
cytology are currently considered as a contraindication
for an endoscopic resection. One concern about fine
needle aspiration is that subclinical hemorrhage can
create substantial adhesions, making endoscopic dissec-
tion difficult (6).

Other preoperative imaging studies (scintigraphy,
computed tomography (CT) scanner, magnetic reso-
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nance) are performed according to the suspected lesion
and are similar to the classical workup used for thyroid
pathologies.

3 INDICATIONS

The ideal indication for endoscopic thyroid surgery is a
solitary, nonfunctioning thyroid nodule of less than 30
mm in diameter. Other current indications include soli-
tary toxic nodule, recurrent thyroid cyst, and small mul-
tinodular goiters. Moreover, a thin patient, with a long
narrow neck is more suited for an endoscopic approach.

4 CONTRAINDICATIONS

Contraindications to an endoscopic approach include
nodules larger than 3 cm in diameter, a large multi-
nodular goiter, history of prior neck surgery, thyroid-
itis, and patients with recent infection, inflammation,
irradiation, or burn to the neck (6,7). Graves’ disease,
with enlarged and highly vascular thyroid gland, is also
considered a contraindication by most surgeons, due to
the higher risk of bleeding. Obesity associated with a
short, wide neck is also a relative contraindication, as
space and exposure can be reduced. Patients with atypi-
cal, highly suspicious, or malignant cytology should be
excluded, as endoscopic surgery may not allow a correct
grading of the tumor. Finally, elderly patients or those
with severe associated pathologies may not tolerate
CO2 insufflation and should be excluded.

5 PROCEDURE

After induction of a general anesthesia, the patient is
positioned with the neck slightly extended, or even
slightly folded (8), with the table in a reversed Trende-
lenburg position (Fig. 1). The sternal notch, anterior
border of the sternocleidomastoid muscle (SCM), and
external jugular veins are marked with a pen. The
procedure requires a 5 mm endoscope, instruments,
and trocars (Karl Storz Endoscopy, Tuttlingen, Ger-
many) (Figs. 2, 3). Three main endoscopic approaches
have been described: the cervical, the axillary, and the
breast approach.

5.1 Cervical Approach

5.1.1 Incision and Creation of the Working
Space

A 10-mm incision is made at the sternal notch or just
above it, and the cervical fascia is opened. A subplatys-

mal space is created by blunt dissection and introduc-
tion of a swab in the opening. A 5 mm trocar is inserted
and secured in place with a Prolene purse string suture.
CO2 insufflation is started to a pressure of 8–12 mmHg.
Initial dissection is made with the tip of a 0j, 5 mm en-
doscope (Karl Storz Endoscopy, Tuttlingen, Germany),
along the anterior border of the SCM. Once a sufficient
space is obtained, three additional trocars are inserted
under visual control, and a 30j or occasionally 45j en-
doscope is used to perform the rest of the procedure
(Fig. 4).

5.1.2 Dissection of the Thyroid Lobe

The strap muscles are mobilized from the anterior sur-
face of the thyroid gland. The use of electrocautery is
usually avoidedwhen laryngeal nerve is not yet exposed.
Vascular clips, 5 mm (US Surgical, Norwalk, CT), or 5-
mm ultrasonic scalpel (US Surgical, Norwalk, CT) are
used for hemostasis. The middle thyroid vein is first
dissected and divided between clips or with ultrasonic
shear.

5.1.3 Dissection of the Recurrent Laryngeal
Nerve and Parathyroid Gland

The inferior thyroid artery, inferior parathyroid, and
recurrent laryngeal nerve (RLN) are identified (Figs.
5, 6). With the nerve under visual control, the inferior
thyroid artery is divided between clips. If the laryngeal
nerve cannot be localized, the procedure should be
converted to a classical, open approach. The laryngeal
nerve is then separated from the posterior aspect of the
thyroid gland using blunt dissection. The inferior and
superior parathyroids glands are also mobilized and
preserved. The superior thyroid vessels are dissected
and transected between clips after identification of the
superior laryngeal nerve (Fig. 7). The thyroid gland is
retracted in the anteromedial direction, and the liga-
ment of Berry and isthmus are divided using ultrasonic

Figure 1 Position of the patient for a right thyroidectomy.
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scalpel. The specimen is then placed in a retrieval bag
and extracted through the supero-lateral trocar site
(Fig. 8).

5.2 Transaxillary Approach

In order to avoid any visible scars in the neck, Ikeda et
al. (9,10) performed endoscopic thyroid resections using
an axillary approach. A 30 mm incision is made in the
axillar, and the lower layer of the platysmamuscle is dis-
sected through the upper layer of the pectoralis major.
A 12 mm trocar is inserted, and CO2 is insufflated with
a pressure of 4 mmHg. Two other trocars are then in-
serted below the first one. Access to the thyroid is then
gained through the subplatysmal space. The thyroid
gland is exposed by dividing the sternothyroid muscle.
The recurrent laryngeal nerve is then identified, as are
the parathyroid glands. The inferior and superior ped-
icles are then controlled as described above. A closed
suction drain is usually left in place at the end of the
procedure. The advantages of this technique include

Figure 6 Inferior thyroid artery, inferior parathyroid gland, and recurrent laryngeal nerve.

Figure 4 Trocars position for a right thyroidectomy using a
cervical approach.
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avoidance of any scars in the neck, the lateral approach
to the thyroidal bed (similar to a classical approach), an
easier dissection of the superior and inferior poles, and
an easier access to the perithyroid fascia, which can be
opened without injury to the glands or to the recurrent
laryngeal nerve. The main disadvantages of this tech-
nique are probably the technical difficulties, the extent
of the dissection, and the duration of the procedure
(about 3 hr).

5.3 Breast Approach

In 1998, Ishii et al. (11) described a technique of thyroid
resection using a breast approach. The aim of this
technique is also to avoid the presence of any scars in
the neck. A 15 mm incision is made in the right or left
parasternal border at the level of the nipples. A sub-
cutaneous tunnel is created using blunt dissection, and a
subplatysmal space is created. A 12 mm trocar is first
inserted, and CO2 insufflation is started, with a pressure
of 5mmHg. A subplatysmal space is developed from the
superior margin of the thyroid cartilage to the lateral
borders of the SCM. Two additional 5 mm trocars are

then inserted at the upper margin of both mammary
areolas. Dissection is started at the lower pole and
proceeds to the posterior and lateral aspects of the
gland. The recurrent laryngeal nerve and parathyroid
glands are usually identified.Main disadvantages of this
technique are the risk of keloid scars associated with
incision in the chest, the technical difficulty of the
procedure, the risk of hematoma due to the extent of
the dissection, and the impossibility to use any of the
incisions if a conversion is required.

5.4 Gasless Endoscopy

Intracranial pressure is increased when CO2 insufflation
of 15 mmHg is used to perform neck surgery in animal
models (12). On the opposite, pressures of 10 mmHg do
not seem to increase the intracranial pressure. However,
other complications due to CO2 insufflation in the neck
can occur (e.g, hypercapnia, respiratory acidosis, or
subcutaneous emphysema). In order to reduce those
complications, Hüscher et al. (5) described the use of a
lifting device to perform an endoscopic thyroid surgery,
with reduced CO2 pressure (6 mmHg). Shimizu et al.

Figure 7 Control of the superior thyroid pedicle.
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(13,14) have also performed totally gasless endoscopic
thyroid resections using Kirschner wires inserted hori-
zontally in the subcutaneous layer of the anterior part
of the neck. Those wires are lifted up and fixed to a L-
shaped pole to create a tent-like working space. They
have performed more than 40 cases using this technique
and conclude that this procedure is safe and can be used
in selected cases.

Miccoli et al. (15,16) have also described a video-
assisted thyroidectomy (VAT).Dissection of the thyroid
lobe is performed through a 15mmmedial incision using
a 5mm30j endoscopewith classical instruments.Work-
ing space is maintained using an external retractor.

6 RESULTS

The current reports of endoscopic thyroid resections
involve mainly small series of cases. There was only one
prospective randomized trial (16), and the largest series
included 67 patients (15). The results, conversion rate,
and morbidity in these series of endoscopic thyroid
resections have been reviewed (Tables 1 and 2).

More than 130 endoscopic thyroid resections have
been reported. Among these, 31 were total or subtotal
thyroidectomies, 87 lobectomies, and 13 partial lobec-

tomies. Most of the operations were performed for
benign tumors (86.3%), including 12 cases of Graves’
diseases. Malignant tumors are considered, for most
authors, a contraindication to an endoscopic resection.
However, Miccoli et al. (15,16) consider small, low-risk
(T1) papillary carcinomas an indication for a video-
assisted resection.

Operative time was globally increased compared to
an open procedure, with a mean 136.4 minutes. How-
ever, it should decrease as experience is gained.

The global conversion rate was 7.6% (10 cases). The
causes of conversion were:

Carcinoma diagnosed on the frozen section that
required an open completion in three cases.

Insufficient working space in three cases. The two
causes of conversion in Gagner et al.’s study (7)
were a 7 cm cyst and a 4 cm nodule, leading to the
conclusion that endoscopic thyroid resections
should not be attempted for tumors larger than
3 cm in diameter.

Hemorrhage in two cases. Both conversions were due
to bleeding from the superior pole, illustrating the
difficulty in controlling bleeding in such a small
working space, especially when the superior
pedicle is involved.

Table 1 Endoscopic Thyroid Resections: Histological Results

Authors (Ref.) N Procedure N Histology N
Mean

size/mean weight

Yeung (6) 8 Lobectomies 8 Benign tumors 8 1.98 cm (0.4–3.8)

Gagner and Inabnet (7) 18 Lobectomies 10 Adenoma 13 2.7 cm (0.6–7)
Subtotal thyroidectomy 4 Cyst 2
Isthmusectomy 4 Multinodular goiter 1

Papillary thyroid carcinoma 2
Ishii et al. (11) 5 Lobectomies 4 Follicular adenoma 5 4 � 5 cm (3–7)

Partial thyroidectomy 1
Shimizu et al. (13) 5 Lobectomies 2 Follicular adenoma 4 3.2 cm (2–4.5)

Extirpation 3 Follicular carcinoma 1
Miccoli et al. (15) 67 Lobectomies 52 Follicular adenomas 43 2.1 cm (0.9–3)

Total thyroidectomies 15 Toxic adenoma 6

Toxic multinodular goiter 3
Papillary carcinoma 15

Yamamoto et al. (18) 12 Subtotal thyroidectomy 12 Graves’ disease 12 44 g (18–92)

Yeh et al. (19) 16 Lobectomy 13 Nodular hyperplasia 8 5.8 cm (3.5–8.0)
Tumorectomy 3 Follicular adenoma 6

Hurthle tumor 1
Cyst 1

Total 131 Total or subtotal
thyroidectomies

31 Benign tumors
Carcinoma

113
18

Lobectomies 87

Less than one lobe 13
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The two last conversions were due to (1) the diffi-
culties in recognizing the normal anatomy, which
is considerably different from the classical ap-
proach, and (2) adhesions.

There were no preoperative or postoperative deaths.
Global morbidity was 3.8% (5 cases). Four cases

involved minor complications (two transient hypocal-
cemias, one transient RLN palsy, and one incidental
parathyroidectomy). There was one case of RLN palsy
with hypocalcemia after a subtotal thyroidectomy for
Graves’ disease. However, the technique used was to
dissect the thyroid in contact with the thyroid capsule,
without any attempt to localize the RLN or the para-
thyroid glands.

7 DISCUSSION

The results reported in Table 2 suggest that endoscopic
thyroid surgery is feasible and safe. In a series of 6702
classical thyroidectomies, the overall complication rate
was 3.8%, with an incidence of permanent laryngeal
nerve palsy of 0.7% (17). These rates seem to be similar
to those reported after endoscopic resections (a 3.8%
morbidity rate with a 0.75% rate of laryngeal nerve
palsy).

This approach could offer different potential advan-
tages:

A better cosmetic result.Most people dislike having a
scar on the anterior surface of the neck, especially
as thyroid pathologies are frequently found in

young women. The shorter skin incision and
absence of musculo-cutaneous flap offer a better
cosmetic result after endoscopic resection (Fig. 9).
In a prospective randomized trial comparing a
group of 25 patients undergoing a video-assisted
thyroidectomy to another group of 24 patients
undergoing a classical thyroidectomy, Miccoli et
al. (16) found a better cosmetic result in the
endoscopic group ( p<0.01).Gagner and Inabnet
(7) found the same results in a study comparing
endoscopic versus conventional thyroid resections
( p < 0.005).

Reduction in postoperative pain. This point is
difficult to assess due to the low analgesic require-
ment after both classical and endoscopic thyroid
surgery. Post-operative convalescence could be
reduced after an endoscopic thyroidectomy, as
trauma to the tissues is decreased. However, the
difference was not statistically significant in the
study by Gagner and Inabnet (7).

Potential reduction of RLN or parathyroid glands
lesions: The endoscopic magnification may en-
hance the identification and reduce the risk of
lesion to the important neurovascular structures,
laryngeal nerves, and parathyroid glands with
their blood supply. However, this point has to be
evaluated by large, prospective, randomized trials.

Concerns associated with endoscopic thyroidecto-
mies have also been expressed:

These procedures are technically complex and associ-
ated with an increased operative time. However,

Table 2 Endoscopic Thyroid Resections: Operative Results

Authors (Ref.) Operative time (min) Conversion Morbidity

Yeung et al. (6) 241 (180–330) 37.5%
(1 failure to define anatomy,

1 adhesion, 1 insufficient space)

0

Gagner et al. (7) 220 (120–330) 11.1%
(2 insufficient working space)

5.6%
(1 incidental parathyroidectomy)

Ishii et al. (11) 226 (177–281) 0 0

Shimizu et al. (13) 126 (90–150) 0 0
Miccoli et al. (15) Lobectomy: 73.6 3% 4.48%

Thyroidectomy: 110 (1 hemorrhage, 1 conversion for

carcinoma)

(2 transient postop hypocalcemia, 1

transient RLN palsy)
Yamamoto et al. (18) 259.8 (175–420) 8.33%

(1 bleeding from sup. pole)
8.33%

(1 RLN palsy with hypoparathyoidism)

Yeh et al. (19) 102 (28–300) 11.1%
(2 conversions for carcinoma)

0

Total 136.4 (28–420) 10 (7.6%) 5 (3.8%)
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operative time should decrease as experience is
gained and with the development of new instru-
ments and techniques. This approach also requires
a very careful selection of patients in that the
safety and feasibility of the operation is dependent
on that selection.

An increasing number of classical thyroidectomies
are performed under local or loco-regional anes-
thesia in an outpatient hospitalization. Endo-
scopic resections still require general anesthesia,
which is not minimally invasive and usually re-
quires an overnight stay. Even if video-assisted
parathyroidectomies have been performed under
local anesthesia (20), when CO2 insufflation is
used for endoscopic resection, general anesthesia
is required. The length of hospital stay for endo-
scopic thyroid surgery ranges from 1 to 7 days
and is usually increased compared to a classical
approach.

A thyroid carcinoma cannot be totally ruled out by
the preoperative work-up, and we still ignore the
outcomes when resection is performed by endos-
copy. Canalar carcinoma diagnosed on a frozen
section should be converted to radicalize the thy-
roidectomy. For follicular carcinoma, a final his-
topathological exam should be required, and the
patient should be reoperated using a classical ap-
proach if the diagnosis is confirmed. However, for
some authors (15), a low-risk (T1) small papillary
carcinomacanberesectedbyendoscopy,as lymph-
adenomectomy is not required and resection is
judged adequate.

8 CONCLUSION

Endoscopic thyroid resections are feasible and safe
given very careful selection of patients. Potential advan-
tages include better cosmetic results and reduced post-
operative pain and morbidity rate. It is, however, tech-
nically complex and requires increased operative time,
a general anesthesia, and a longer hospital stay. Large
prospective randomized studies are still needed to refine
the indications for endoscopic thyroid surgery and to
confirm its safety and efficacy.
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1 INTRODUCTION

The first minimally invasive procedure ever performed
in the neck district was an endoscopic parathyroidec-
tomy carried out by Gagner in 1995 (1). Parathyroid
pathology seemed in fact very viable to be treated endo-
scopically: indeed parathyroid adenomas are almost
always benign, their volume rarely exceeds 3 cm, and
they do not present important vascular connections.

The success obtained with this and other similar
procedures (2,3) convinced several surgeons to remove
small thyroid nodules as well as parathyroid adenomas;
in spite of the concern expressed by some endocrine
surgeons, both endoscopic and video-assisted thyroid-
ectomy soon became quite popular. This trend is ex-
pressed in the papers that appeared or are about to
appear on surgical reviews (4–7).

2 MINIMALLY INVASIVE

VIDEO-ASSISTED THYROIDECTOMY

This technique, in its present from, is characterized by
the absence of any gas insufflation and by the external
retraction. It was first described in 1999 (8), at which
time a short insufflation was used to create the operative
space. Later a blunt dissection proved to be sufficient to
create a good space between the thyroid and the strap
muscles so as to rely only on external retraction (4).
Since that time more than 240 procedures have been

performed by the authors and the operation has been
adopted in several centers (9).

3 INDICATIONS

A careful selection of patients is of paramount impor-
tance to assure a good outcome for this operation: the
greatest limit is represented by the volume of the nodule
and even more of the gland to be operated on. The lobe
in fact has to be removed without disrupting its capsule
because of the necessity of an accurate histological
evaluation in that these nodules are often suspect for
carcinoma (either follicular or papillary). Other impor-
tant limits are represented by the presence of adhesions
that can make it difficult to recognize the most impor-
tant structures, such as the recurrent nerve. Therefore,
redo surgery is considered a contraindication for this
procedure, but great caution should also be addressed to
thyroiditis. For this reason an accurate evaluation of
thyroid antibodies, characteristically increased in this
disease, must be obtained before operating on these pa-
tients. Also, operative ultrasonographic study should be
the most accurate because it is important to correctly
evaluate thyroid and nodule volume and because it can
help to recognize echographic aspects of thyroiditis.

General indications might be summarized as follows:

1. Thyroid nodules <30 mm at largest diameter
2. Thyroid gland volume <20 mL, as estimated by

ultrasound
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3. No history of thyroiditis
4. No previous neck surgery or irradiation
5. Presence of benign, follicular, or ‘‘low-risk’’ pap-

illary carcinoma determined by cytological ex-
amination

4 TECHNIQUE

The procedure can be divided into four separate steps.

4.1 Preparation of the Operative Space

The patient, under general endotracheal anesthesia, is
in supine position with the neck not extended: hyper-
extension must be avoided because it would reduce the
operative space. The skin is protected by means of a
sterile film (TegadermR). A 1.5 cm horizontal skin
incision is performed 2 cm above the sternal notch in
the central cervical area (Fig. 1). Subcutaneous fat and
platysma are carefully dissected so as to avoid any mini-
mum bleeding. Two small retractors (army-navy type)
(Fig. 2) are used to expose the midline, which has to be
incised for 2–3 cm on an absolutely bloodless plane.

The blunt dissection of the thyroid lobe from the
strap muscles is completely carried out through the skin
incision by gentle retraction and using tiny spatulas. The
same small retractors maintain the operative space in
which a 30j 5 or 7mm endoscope is inserted through the
skin incision: from this moment on the procedure is
entirely endoscopic until the extraction of the affected
lobe. Preparation of the thyro-tracheal groove is com-
pleted under endoscopic vision by using small (2 mm in
diameter) instruments (Fig. 3).

4.2 Ligature of the Main Thyroid Vessels

Neither clips nor ligatures are currently used to achieve
hemostasis. A Harmonic Scalpel device (UltracisionR)
is utilized for all the vessels. The first one to be separated
is the middle vein, if present, or the small veins between
jugular vein and thyroid capsule. Their section allows a
beter exposure of the thyroid space. The upper pedicle is
then prepared by retracting the thyroid lobe downward
and medially (Fig. 4). The spatula is used to retract the
vessels laterally. This also allows the external branch of
the superior laryngeal nerve (Fig. 5) to be easily identi-
fied during most procedures. Injury can be avoided by
keeping the inactive blade of the Ultracision device in
the posterior position so as to not transmit heat to this
delicate structure.

4.3 Visualization and Dissection of the Recurrent

Nerve and Parathyroid

When retracting medially and lifting up the thyroid lobe
by means of retractors, the cervical fascia can be opened
by gentle spatula retraction and the recurrent nerve
appears in the groove between trachea and thyroid. A
good anatomical landmark for its visualization is the
Zuckerkandl lobe of the thyroid. Superior parathyroid
gland can be easily visualized thanks to endoscopic
magnification and dissected by Ultracision. Both of
these structures must be carefully separated from the
thyroid lobe before it is extracted (Fig. 6).

4.4 Extraction of the Lobe and Resection

At this point in time the lobe is completely freed. The
endoscope and retractors can be removed and the upper
portion of the gland rotated and pulled out using
conventional forceps. Gentle traction over the upper
pole allows the thyroid lobe to be completely extracted
(Fig. 7). The operation is now conducted as in open
surgery under direct vision. The lobe is freed from the
trachea by dissecting Berry’s ligament. It is very impor-
tant to check the laryngeal nerve once again so as to
avoid its injury before the final step. The isthmus is then
dissected from the trachea and divided by means of
Ultracision.

Drainage is not necessary. The midline is then ap-
proached by a single stitch; the platysma is closed by a
subcuticular readsorbable suture, and a cyanoacrylate
sealant is used for the skin (Fig. 8).

Surgical follow-up should include direct laryngos-
copy to check vocal cord mobility and neck ultraso-
nography in all cases. Serum calcium measurement is
obtained in those patients submitted to total thyroid-
ectomy in order to evaluate their parathyroid function.

5 RESULTS

Our experience consists of 241 patients operated on
since June 1998. Female-to-male ratio was 4:1. Lobec-
tomy was carried out in 148 (61.4%) patients, total thy-
roidectomy in 93 (38.6%) patients.Mean operative time
of lobectomy was 49.4 (range 20–120) minutes, while
total thyroidectomy was accomplished in 61.8 (30–130)
minutes. Preoperative diagnosis is shown in Table 1.
Conversion to traditional cervicotomy was required in
4 cases (1,6%). Two cases occurred at the beginning of
the experience. In the first one conversion was due
to intraoperative bleeding from the upper vascular ped-
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icle. In the second one we chose to perform completion
thyroidectomy by an open approach in a patient with
positive frozen section (papillary cancer) because we
were concerned about the duration of the procedure by
the video-assisted approach. Since then we have always
performed a total video-assisted thyroidectomy in sim-
ilar cases. In the third case conversion was due to un-
expected esophageal infiltration by a small papillary
carcinoma, and in the last case we converted because of
difficult dissection caused by thyroiditis. In an even
larger series of 336 cases operated on with this tech-
nique and described in a multicentric study (9), the first
reason for conversion was in fact the difficulty of the
lobe dissection because it rendered uncertain the iden-
tification of the most important structures such as the
recurrent nerve.

Postoperative hospital stay was the same as in all
other patients who underwent traditional surgery (over-
night discharge). No postoperative bleeding was regis-
tered in our series. All patients were satisfied with the
cosmetic results. In a recent prospective randomized
study (10) on a limited series of patients comparing
MIVAT to traditional thyroidectomy, we demonstrated
that cosmetic results, evaluated by verbal response scale
and numeric scale as well as postoperative distress, were
significantly better in patients who underwent MIVAT;
patients in the MIVAT group experienced significantly
less pain than patients in the conventional thyroidec-
tomy group at 6, 24, and 48 hours after operation as
evaluated by visual analogue scale ( p = 0.003). Sim-
ilarly, patients in the MIVAT group were more satis-
fied with the cosmetic result as evaluated by a verbal
response scale and a numerical scale ( p = 0.003 and
p = 0.01, respectively).

Complications experienced in the entire series of 241
patients consisted of one recurrent nerve palsy, 4 tran-
sient recurrent nerve injuries, 1 definitive hypoparathy-
roidism, and 2 transient hypocalcemias.

6 COMPLICATIONS

Potential complications of video-assisted thyroidecto-
my are roughly the same as in open surgery: nerve in-
juries, hemorrhage, and hypoparathyroidism are the
most important. The magnification of the endoscope
allows easy identification of both superior (external
branch) and inferior laryngeal nerves and parathyroid
glands. One could argue that preservation of these del-
icate structures should be adequately obtained during
MIVAT.

In our series consisting of 241 patients operated on
for benign and malignant disease we registered one
definitive inferior laryngeal nerve palsy (0.4%) and four
transient injuries (1.6%). The low percentage of laryn-
geal nerve injury is the best proof that MIVAT is as safe
as standard thyroidectomy. Furthermore, the endo-
scope magnification gives a view of these structures
which, particularly for the external branch of the supe-
rior laryngeal nerve, is far better than that obtained in
the open operation.

The incidence of hypoparathyroidism was no greater
in our series than in traditional surgery. We registered
one case of definitive hypoparathyroidism (0.4%) and
two cases of transient hypocalcemia (0.8%).

Only once did we experience bleeding that forced us
to convert the procedure. It happened in the earlier pe-
riod of our experience during the upper pedicle ligature
where a clip was displaced from the artery and control of
bleeding was difficult. In the last 150 cases we used the
harmonic scalpel (Ultracision), which avoided the uti-
lization of clips in most of cases. Since its introduction
we have not experienced either postoperative or intra-
operative bleedings requiring conversion. No patients
have complained of complications at the cervical wound
level: neither sepsis nor infiltration has occurred in the
present series.

Even when performed in different surgical settings
MIVAT proved to be a safe surgical procedure. In the
previously mentioned multicentric study (336 cases) (9),
the complication rate was comparable to if not lower
than in conventional surgery: operative complications
were represented by recurrent nerve palsy in 8 cases
(2.1%): only one patient showed a permanent lesion
(0.3%), while in 7 patients the lesion was transient and
always lasted for less than 1 month. Eleven patients
exhibited hypoparathyroidism, which corresponds to
9.8% of the 112 total thyroidectomies performed, but
only two complained of a permanent hypocalcemia that
necessitated a substitutive therapy, reducing the rate of
permanent hypoparathyroidism to only 1.8%. Three
patients experienced hemorrhage with conversion re-

Table 1 Preoperative Diagnosis

N (%)

Follicular nodule 89 (36.9)

Papillary carcinoma 68 (28.3)
Multinodular goiter 44 (18.2)
Hürtle cell nodule 25 (10.3)

Toxic adenoma 11 (4.6)
Graves’ disease 1 (0.4)
Toxic multinodular goiter 3 (1.2)

Total 241 (100%)
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quired in only one case (bleeding from the upper pedicle
too hazardous to manage via endoscopic procedure).
The hemorrhage resolved into a postoperative hema-
toma in two cases where only conservative therapy was
necessary; a wound sepsis occurred in one case.

7 CONCLUSIONS

MIVAT has proven to be a safe procedure when
performed in different surgical settings (9), and it is a
valid therapeutic option as long as indications are
strictly followed, because some advantages in terms of
cosmetic result and postoperative pain can be demon-
strated (10). Some concern exists about the radical
nature of this minimally invasive procedure because
‘‘low risk’’ papillary carcinoma accounts for almost
20% of all cases. We evaluated whole body scans
(WBS) and serum thyroglobulin (sTg) dosage in these
patients in a previous series (11). The results were
comparable to those of traditional surgery both in
terms of I131 uptake and sTg levels, demonstrating that
a satisfying outcome can be achieved in this kind of
carcinoma occurring frequently in young females who
are particularly concerned about the operation’s cos-
metic outcome.
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1 INTRODUCTION

The subject of this chapter is the parathyroid glands
both with regard to their important role in governing
calcium homeostasis and to abnormalities associated
with syndromes of overproduction of parathyroid hor-
mone, hyperparathyroidism. While the chapters that
follow in this section deal with surgical considerations
of this subject matter, the material in this chapter
provides key background information for the parathy-
roid surgeon.

2 REGULATION OF CALCIUM

HOMEOSTASIS BY THE PARATHYROID

GLANDS

The parathyroid glands play a key role in maintaining
normal extracellular calcium concentration by virtue of
their capacity to register with exquisite sensitivity small
changes in this divalent cation (1). Parathyroid hormone
(PTH), the principal product of the parathyroid gland,
acts on its two target organs, bone and kidney, to
maintain normal extracellular calcium levels. A small
reduction in the extracellular calcium concentration is
associated with a virtually simultaneous increase in
parathyroid hormone secretion. PTHmobilizes skeletal
calcium. At the kidney, PTH conserves calcium at the
distal tubule. It also stimulates the conversion of 25-

hydroxyvitaminD to the activemetabolite of vitaminD,
1,25-dihydroxyvitamin D. 1,25-Dihdroxyvitamin D, in
turn, acts on the gastrointestinal tract to facilitate
calcium absorption. The net effect of these physiological
adjustments is a return of the reduced extracellular
calcium concentration to normal. When the extracellu-
lar calcium concentration rises for any reason not re-
lated to an intrinsic abnormalitiy of the parathyroid
glands, a reverse series of physiological events occurs.
Secretion of PTH is immediately halted. A sharp decline
in PTH concentration reduces skeletal calcium mobili-
zation, facilitates urinary calcium excretion, and reduces
the production of 1,25-dihydroxyvitamin D. The net ef-
fect of these physiological adjustments is a return of the
elevated extracellular calcium concentration to normal.

When these physiological control mechanisms react
to a pathophysiological stimulus, namely in renal insuf-
ficiency or in settings of hypercalcemia not related to a
primary abnormality of the parathyroids, the glands still
behave in the samemanner, namelywith an increase or a
decrease in PTH, but often the glands cannot compen-
sate adequately. In renal failure, therefore, the serum
calcium will be low in association with a compensatory
elevated PTH level. In non–parathyroid-dependent
hypercalcemia, PTH will be suppressed but the serum
calcium is still elevated. Understanding this pathophysi-
ology helps in the differential diagnosis of states asso-
ciated with hypercalcemia and hypocalcemia (see
below).

213



The calcium-sensing receptor (CaR) is a key media-
tor of parathyroid responsiveness to changes in extra-
cellular calcium. The CaR recognizes its cognate ligand,
calcium ion, in the same manner that a hormone re-
ceptor recognizes its ligand. In fact, similar to a hor-
mone receptor, the CaR is located in the outer plasma
membrane of the parathyroid cell. It is also present on a
variety of other cell types, such as the kidney (2,3). Like
a hormone, therefore, calcium acts as a first messenger
and stimulates the cell machinery to either increase
or decrease transcription and ultimately secretion of
PTH. In the disorder familial hypocalciuric hypercalce-
mia (FHH), also termed familial benign hypocalciuric
hypercalcemia (FBHH), there is often a mutation in the
CaR causing a reduction in the sensitivity of the para-
thyroid cell to extracellular calcium (4,5). It is important
to distinguish this disorder (FHH/FBHH) from pri-
mary hyperparathyroidism because the management
of these two disorders is quite different. The CaR re-
ceptor can also be the site of a mutation in which the
receptor is activated (5). In this case sensitivity of the
parathyroid cell to extracellular calcium is heightened.
The patient has hypocalcemia but completely normal
levels of PTH.

3 DIFFERENTIAL DIAGNOSIS

OF HYPERCALCEMIA

The diagnosis of primary hyperparathyroidism is made
with due consideration for the differential diagnosis of
hypercalcemia. Primary hyperparathyroidism is one of
the two most common causes of hypercalcemia. The
other is malignancy. These two etiologies account for
over 90%of all patients with hypercalcemia (6). Amuch
longer, complete list of potential causes of hypercalce-
mia is considered after these two etiologies are ruled out
or if there is reason to believe that a different cause is
likely. The clinical presentation of hypercalcemia asso-
ciated with primary hyperparathyroidism or malig-
nancy gives a convenient clue as to which one is more
likely. The modern presentation of primary hyperpara-
thyroidism is essentially an asymptomatic disorder dis-
covered most often in the course of routine biochemical
testing (7). In contrast, hypercalcemia of malignancy
occurs in the latter stages of advanced malignancy.
Patients with hypercalcemia of malignancy are usually
symptomatic both of the advanced malignancy and the
hypercalcemia. The biochemical distinction between
primary hyperparathyroidism and malignancy is firmly
established by measuring the PTH level. With the two-
site immunoradiometric or immunochemiluminometric

assay for PTH, patients with primary hyperparathy-
roidism will have frank elevations 75–90% of the time.
In the small percentage of patients whose parathyroid
hormone level is normal, it tends to be in the upper
range of normal and, thus, clearly ‘‘abnormal’’ when
hypercalcemia is simultaneously present. Although the
IRMA assay current in commercial use is called
‘‘intact,’’ work by Broussard et al. demonstrated that
a large non-(1–84)PTH fragment is detected by this
assay (8). This large amino-terminal truncated frag-
ment(s), missing the first 4–6 N-terminal amino acids,
has 100% cross-reactivity with the commercially avail-
able ‘‘intact’’ assay for PTH. Recently, a newer IRMA
assay for PTH has been developed in which the recog-
nition sites on the PTH molecule are at 39–84 and 1–6,
thus giving this assay a specificity for the full-length
biologically active region of themolecule exclusively (9).
Studies by Silverberg et al. (10) have applied this new
assay to a group of subjects with surgically proven
primary hyperparathyroidism. In comparison to the
intact assay and the older radioimmunoassay for mid-
molecule PTH, the newer assay performed better with
respect to a higher percentage of patients with frankly
elevated levels (96%) in comparison to the intact (73%)
and mid-molecule (63%) assays. It remains to be seen
whether this newer assay for the whole molecule will be
more clinically useful than the one that is currently
available.

As a rule, therefore, patients with hypercalcemia and
elevated PTH levels have primary hyperparathyroid-
ism. Exceptions to this rule are associated with two
medications, lithium and thiazide diuretics, that can
cause hypercalcemia. Actually, many of these patients
do have primary hyperparathyroidism, but the only way
to be sure is to withdraw the medication and to monitor
the serum calcium and PTH after 3 months. In someone
who is dependent upon lithium therapy for their mental
well-being, withdrawal may be difficult or unwise.
Another exception is tertiary hyperparathyroidism in
which hypercalcemia and elevated parathyroid hor-
mone can be seen together. Tertiary hyperparathyroid-
ism is an end result of longstanding, poorly controlled
renal insufficiency. This usually does not present a
problem in differential diagnosis because the advanced
renal failure is clearly evident. In these cases there is a
change from mechanisms of parathyroid gland com-
pensation (i.e., to normalize the tendency for hypocal-
cemia to develop; a secondary hyperparathyroidism—
see discussion above) to mechanisms of parathyroid
gland autonomy (i.e., a tertiary hyperparathyroidism)
with attendant hypercalcemia (11,12). It is of interest
that some of these patients are actually found, at
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surgery, to have primary hyperparathyroidism, that is, a
single adenomatous gland superimposed upon a back-
ground of hyperplastic tissue (13). Patients who develop
hypercalcemia after longstanding renal insufficiency
may show evidence for monoclonality of individual,
hyperactive parathyroid glands (14). A final exception
to the rule that patients with elevated levels of calcium
and PTH have primary hyperparathyroidism is FHH/
FBHH (see discussion above).

In contrast to the hypercalcemia of primary hyper-
parathyroidism, the hypercalcemia of malignancy is
invariably associated with suppressed levels of para-
thyroid hormone. This is even true in humoral hyper-
calcemia ofmalignancy inwhich the tumor (lung cancer,
esophagus, cervix, vulva, head and neck, breast, renal,
and HTLV-1 T-cell lymphoma) elaborates parathyroid
hormone–related protein (PTHRP). PTHRP is the
product of a gene that retains lingering similarity to
the PTH gene. PTHRP shares with PTH only a limited
region of primary sequence homology, the first 13–15
amino acids at the amino-terminal end of the molecule.
This limited but important sequence homology, along
with similarities in spatial configuration for sequences
up to amino acids 30–34, probably explains why
PTHRP shares with PTH some key biological proper-
ties such as the ability to resorb bone and to conserve
renal calcium (15). Commercially available assays for
PTH do not detect PTHRP in the circulation because
the two require antigenic determinants for PTH are not
shared by PTHRP. Thus, in the distinction between
hypercalcemia of malignancy and hypercalcemia of

primary hyperparathroidism, the PTH assay is a key
biochemical point. It is elevated in primary hyperpara-
thyroidism and suppressed in malignancy-associated
hypercalcemia.

The remainder of the differential diagnosis of hyper-
calcemia is long but becomes important clinically when
the two most common causes of hypercalcemia have
been ruled out (Table 1). Of course, one would be more
likely to think of hyperthyroidism, for example, in the
hypercalcemic patient who is overtly thyrotoxic. Simi-
larly, if a patient has known sarcoidosis or other gran-
ulomatous disorder, one should think more quickly
about those potential etiologies even though they are
unlikely from a statistical point of view.

4 EPIDEMIOLOGY OF PRIMARY

HYPERPARATHYROIDISM

Primary hyperparathyroidism is a common endocrine
disorder due in large part to the widespread use of the
multichannel autoanalyzer, which was introduced in the
early 1970s (16). Prior to that time, however, primary
hyperparathyroidism was not a common endocrine dis-
ease (17). Despite its rarity, as described in older reports,
the frequency with which it was diagnosed was, in large
measure, a function of one’s index of suspicion. For ex-
ample, Raymond Keating, whose work at the Mayo
Clinic helped to establish modern concepts of the dis-
ease, began to recognize primary hyperparathyroidism
with regularity only after he wasmademore acute aware
of it by Aub, Bauer, and Albright (18). This experience
was the clue that primary hyperparathyroidism was
much more prevalent in the population at large than
its incidence would have suggested. With the advent of
the autoanalyzer it was rather quickly apparent that
there were many individuals with primary hyperpara-
thyroidsm whose disease was not being recognized
simply because calcium determinations were not being
routinely obtained. Incidence figures rose dramatically
when calcium determinations were obtained in the con-
text of themultichannel biochemistry profile. Reporting
its experience before and after the introduction of the
autoanalyzer, the Mayo Clinic saw a four- to fivefold
increase in the incidence of primary hyperparathyroid-
ism to approximately 100,000 new cases per year or
about 27.7 cases per 100,000 person-years (16,19). Apart
from these reports, most other population-based studies
on the prevalence of primary hyperparathyroidism are
Scandinavian (20,21). Epidemiological uncertainties
with the extensive Scandinavian databases include the
fact that persistent hypercalcemia has been the primary

Table 1 Differential Diagnosis of
Hypercalcemia

Primary hyperparathyroidism
Malignancy

Hyperthyroidism
Pheochromocytoma
VIPoma

Adrenal insufficiency
Lithium
Thiazide diuretics

Thyroid hormone
Vitamin A
Vitamin D

Tuberculosis
Sarcoidosis
Lymphoma
Familial hypocalciuric hypercalcemia

Immobilization
Acute or chronic renal disease
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identification marker without clear documentation of
parathyroid disease by concomitant parathyroid hor-
mone determinations (22,23). Postmortem examination
of the parathyroid glands do not help to solidify the
database because such studies are not accompanied by
functional evidence for hyperparathyroidism during life
(24). More recently, using serum parathyroid hormone
values along with the serum calcium concentration,
Lundgren et al. showed that 2.6% of the postmeno-
pausal population in Sweden had primary hyperpara-
thyroidism (25,26). On follow-up testing, however, only
two thirds had confirmation of the diagnosis. These
results, nevertheless, help to underscore the point that
primary hyperparathyroidism is a common endocrine
disorder. It increases with age and is much more com-
mon inwomenby a ratio of approximately 3:1 (16,22,23,
26–28).

Reports from the United States and Europe have
suggested that the incidence of primary hyperparathy-
roidism may be declining (22,25,29). Such reports are
surprising and have not been widely confirmed. In fact,
the incidence of primary hyperparathyroidism would
appear to be, in the experience ofmost endocrinologists,
unchanged. If it is demonstrated that the incidence of
primary hyperparathyroidism is declining, this could
well be due to efforts on the part of health care insurers
to control costs by restricting access to the multichannel
screening test. In the sporadic form of primary hyper-
parathyroidism, by far the most common presentation
seen, no clearly definable risk factors can be identified.
A history of childhood irradiation to the face or neck is
obtained in a small number of individuals (30,31).

5 MOLECULAR PATHOGENESIS OF

PRIMARY HYPERPARATHYROIDISM

In primary hyperparathyroidism, clones of abnormal
parathyroid cells emerge that dominate the homeostatic
system such that the usual steep inverse relationship
between PTH release and calcium ion is altered or
shifted to the right. For a given extracellular calcium
concentration, PTH is higher. Although in large mea-
sure the underlying defect is altered sensitivity of a
clone of parathyroid cells to calcium, increases in the
mass of abnormal parathyroid tissues also contribute
to excessive secretion of PTH (32–34). No specific mu-
tations of the CaR have been described in primary
hyperparathyroidism.

The molecular pathogenetic abnormalities in pri-
mary hyperparathyroidism involve several candidate
genes that have variably been implicated as causal in

the disorder. Two genes have been established as etio-
logically important. The first gene to be associated with
primary hyperparathyroidism is cyclin D1/PRAD 1 (or
CCND1). This parathyroid oncogene on human chro-
mosome 11q13 is activated by a tumor-specific DNA
rearrangement with the PTHgene locus in some patients
with primary hyperparathyroidism (35–38). The rear-
rangement leads to transcriptional activation and over-
expression of structurally normal cyclin D1 by bringing
this gene into proximity with regulatory regions of the
PTH gene. Thus, when the PTH gene is active or
activated, the cyclin D1 gene is also stimulated, leading
to growth of the clone that harbors the genetic abnor-
mality. According to Arnold, as many as 20–40% of
parathyroid adenomas may overexpress cyclin D1,
although the exact mechanisms for this overexpression
is likely to vary greatly (39–42).

The second genetic abnormality that has been
decribed as etiologically important in primary hyper-
parathyroidism is the gene associated with multiple en-
docrine neoplasia, type 1 (MEN1) (43,44). The MEN1
gene product is a tumor suppressor. In primary hyper-
parathyroidism, or in any mechanism of tumorogenesis
due to a tumor suppressor gene, complete inactivation
(biallelic dysfunction) is required. As many as 12–20%
of patients with sporadic primary hyperparathyroidism,
that is, those who do not have the multiple endocrine
neoplasia syndrome, have been shown to harbor bi-
allelic defects in the MEN1 gene (44–46).

Although clearly much more information is needed
about the molecular pathogenesis of primary hyper-
parathyroidism, the implication of at least two genes
so far suggests that perhapsmost patientswith this order
will ultimately be shown to have some underlying mo-
lecular defect for the abnormal setpoint for calcium in
this disorder. A number of other candidate gene defects
have been described and are currently under investiga-
tion (47–49).

6 PATHOLOGY OF PRIMARY

HYPERPARATHYROIDISM

By far the most common lesion found in patients with
primary hyperparathyroidism is the solitary parathy-
roid adenoma, occurring in 80% of patients. While in
most cases a single adenoma is found, multiple para-
thyroid adenomas have been reported in 2–4% of cases
(50–52). These may be familial or sporadic. Parathyroid
adenomas can be discovered in many unexpected ana-
tomical locations. Embryonal migration patterns of
parathyroid tissue account for a plethora of possible
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sites for ectopic parathyroid adenomas. The most com-
mon sites for ectopic adenomas are within the thyroid
gland, the superiormediastinum, and the thymus. Occa-
sionally, the adenoma may ultimately be identified in
the retroesophageal space, the pharynx, the lateral neck,
and even the alimentary submucosa of the esophagus.

In approximately 15% of patients with primary
hyperparathyroidism, all four parathyroid glands are
involved. There are no clinical features that differentiate
single versus multiglandular disease. The etiology of
four-gland parathyroid hyperplasia is multifactorial. It
may be associated with a familial hereditary syndrome,
such as multiple endocrine neoplasia, Types 1 and 2a.
As in the case of parathyroid adenomas, underlying
molecular mechanisms are heterogeneous.

7 BIOCHEMICAL FEATURES OF PRIMARY

HYPERPARATHYROIDISM

Typical biochemical indices associated with primary
hyperparathyroidism are shown in Table 2. The serum
calcium determination is typically not greater than 1
mg/dL above the upper limits of normal. The serum
phosphorus is in the lower range of normal, with only
approximately 25% of patients showing phosphorus
levels that are frankly low. Total alkaline phosphatase
activity is in the high normal range, as is the case for
more specific markers of bone turnover, bone-specific
alkaline phosphatase activity, osteocalcin, or collagen
breakdown products (N-telopeptide, deoxypyridino-
line). The 25-hydroxyvitamin D level tends to be in the
lower range of normal, while the 1,25-dihydroxyvitamin
D level tends to be in the upper range of normal.
Approximately 25% of patients with primary hyper-
parathyroidism will have levels of 1,25-dihydroxyvita-

min D that are frankly elevated (53). The pattern of
25-hydroxyvitamin D and 1,25-dihydroxyvitamin D
concentrations in primary hyperparathyroidism is due
to the property of parathyroid hormone to facilitate the
conversion of the monohydroxylated precursor to the
dihydroxylated active vitamin D product. Urinary cal-
cium excretion is typically in the upper range of normal,
with as many as 40% of individuals showing frank
hypercalciuria. Curiously, the presence of hypercalci-
uria in those without a history of kidney stones does not
have predictive value for the development of nephroli-
thiasis (54).

8 CLINICAL FEATURES OF PRIMARY

HYPERPARATHYROIDISM

It is not surprising that with more widespread recog-
nition of primary hyperparathyroidism, the classical
signs and symptoms of the disease would change (55).

8.1 The Skeleton

The frequency of specific radiological manifestations of
primary hyperparathyroidism has fallen from 23% in
the Cope series (17) to less than 2% in the series of
Silverberg et al. (56,57). In fact, overt skeletal disease in
primary hyperparathyroidism is so infrequent that skel-
etal x-rays are rarely indicated. Although osteitis fibrosa
cystica is distinctly unusual in patients who present with
primary hyperparathyroidism in the United States, this
does not imply that the skeleton is unaffected in those
with asymptomatic disease. The availability of sensitive
techniques to monitor the skeleton has given us an
opportunity to address these issues in patients who have
asymptomatic primary hyperparathyroidism.

8.2 Bone Densitometry

The advent of bone mineral densitometry as a major
diagnostic tool for osteoporosis occurred at a time when
the clinical profile of primary hyperparathyroidism was
changing from a symptomatic to an asymptomatic
disease. Questions about skeletal involvement in pri-
mary hyperparathyroidism could be addressed, there-
fore, despite the absence of overt radiological features of
primary hyperparathyroidism. Bone mass measure-
ment, now an integral element of the evaluation of all
patients with primary hyperparathyroidism, typically
shows evidence for skeletal involvement (56). Parathy-
roid hormone is known to be catabolic at sites of cortical
bone. The distal 1/3 site of the radius provides a con-

Table 2 Biochemical Indices in Primary

Hyperparathyroidism

Patient
values

Normal
reference ranges

Calcium (mg/dL) 10.7 F 0.1 8.4–10.2
Phosphorus (mg/dL) 2.9 F 0.1 2.5–4.5

Alk Phos (IU/L) 114 F 4 <100
PTH (pg/mL) 121 F 7 10–65
25-OH Vit D (ng/mL) 21 F 1 9–52

1,25-OH2 Vit D (ng/mL) 59 F 2 15–60
Urinary calcium (mg) 248 F 12 250–300
DPD (nmol/mmol Cr) 17 F 6 4–21

The values for this table are obtained from the cohort of patients

followed by Silverberg, Bilezikikian et al. over the past 15 years.
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venient cortical site for bone density evaluation in
primary hyperparathyroidism to investigate the possi-
bility that this site would be preferentially affected.
Another physiological property of parathyroid hor-
mone is an anabolic one, at cancellous sites, such as
the lumbar spine. In primary hyperparathyroidism, as
expected from physiological considerations, bone den-
sity at the distal radius (1/3 site) is diminished (55,56).
Bone density at the lumbar spine is only minimally
reduced, typically within 5% of age-matched mean
values. The hip region, containing a relatively equal
admixture of cortical and cancellous elements, shows
bone density that is intermediate between the cortical
and cancellous sites (Fig. 1). The results support not
only the notion that parathyroid hormone is catabolic
in cortical bone, but also the view that parathyroid
hormone can be, under certain circumstances, anabolic
for cancellous bone (58–60). In postmenopausalwomen,
the same pattern was observed (56). Postmenopausal
women with primary hyperparathyroidism, therefore,
show a reversal of the pattern typically associated with
postmenopausal estrogen deficiency, namely preferen-
tial loss of cancellous bone. These observations suggest
that primary hyperparathyroidism may help to protect
postmenopausal women from bone loss due to estrogen
deficiency.

The bone density profile in which there is relative
preservation of skeletal mass at the spine and diminu-
tion at the more cortical radial site is not always seen in
primary hyperparathyroidsm. A small group of patients
with primary hyperparathyroidism have evidence of
vertebral osteopenia at the time of presentation. In our
natural history study, approximately 15% of patients

had a lumbar spine Z-score of V1.5 at the time of
diagnosis (61).

8.3 Histomorphometry of Bone

Analyses of percutaneous bone biopsies from patients
with primary hyperparathyroidism demonstrate corti-
cal thinning, maintenance of cancellous bone volume,
and a very dynamic process associated with high turn-
over and accelerated bone remodeling. Confirming the
results by bone densitometry, cancellous bone volume is
clearly well preserved in primary hyperparathyroidism.
This is seen in the group of all subjects we studied as well
as among the subcohort of postmenopausal women
with primary hyperparathyroidism. Several studies
have shown that cancellous bone is actually increased
in primary hyperparathyroidism as compared to normal
subjects (62–64). Preservation of cancellous bone vol-
ume extends to comparisons with the expected losses
associated with the effects of aging on cancellous bone
physiology. In patients with primary hyperparathyroid-
ism, there is no relationship between trabecular number
or separation and age, suggesting that the actual plates
and their connections are maintained over time more
effectively than in normal aging individuals. Thus,
primary hyperparathyroidism seems to retard the nor-
mal age-related processes associated with trabecular
loss (65). One of the mechanisms by which cancellous
bone is preserved in primary hyperparathyroidism is
through the maintenance of interconnected trabecular
plates (66).

8.4 Fracture Risk

Since bone mineral density is an important predictor of
fracture risk, the densitometric data in primary hyper-
parathyroidism suggest certain expectations about frac-
ture incidence. One would expect, for example, that
fracture incidence would be increased in the forearm
and reduced in the lumbar spine. However, the data are
not conclusive; rather they are highly controversial.
Dauphine et al. (67) and Khosla et al. (68) reported that
vertebral fractures were increased, but other observa-
tions have failed to confirm these reports (69–72).When
vertebral fracture is the starting point for case finding,
primary hyperparathyroidism is rarely found, although
measurement of the serum calcium is recommended by
many as part of the evaluation of all newly diagnosed
cases of osteoporosis. Expectations for increased frac-
ture risk at cortical sites such as the forearm are also not
supported by available data, although it would seem
logical to anticipate more long bone fractures. But

Figure 1 A typical pattern of bone loss is seen in asympto-
matic patients with primary hyperparathyroidism. The lum-
bar spine is relatively well preserved, while the distal radius

(1/3 site) is preferentially affected. (From Ref. 56.)
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primary hyperparathyroidism is not a dominant feature
in most series of hip fracture patients (72). Khosla et al.
have analyzed retrospectively the incidence of fractures
in primary hyperparathyroidism over a 28-year period
(1965–1992). Fracture rate was reported to be increased
among the 407 cases of primary hyperparathyroidism at
the forearm (68).

Also noteworthy with regard to the changing clinical
profile of the disease is the reduction in the incidence
of kidney stone disease from approximately 60% in the
preautoanalyzer era to current series in which the inci-
dence is less than 20% (54,73). Still, renal stone disease
is the most common overt complication of primary hy-
perparathyroidism.

Attempts to link carbohydrate intolerance and frank
diabetes mellitus to primary hyperparathyroidism have
beenmade (74–76), but the association is evenmore ten-
uous thanother associations that havebeenalleged, such
as hypertension (see below). Peptic ulcer disease and
pancreatitis do not appear to be part of the syndrome of
modern primary hyperparathyroidism (77–79).

Neuromuscular complications of classic primary hy-
perparathyroidism are not seen anymore. In a detailed
neurological study of 42 patients with a mean serum
calcium concentration of 11.1 F 0.1 mg/dL, Turken et
al. (80) found no consistent pattern of abnormalities
either on physical examination or on electromyography.
Joborn et al. (81) studied 18 randomly selected patients
with primary hyperparathyroidism and concluded that,
as a group, patients had slight, but significant impair-
ment of muscle function, a finding that the authors
speculated might be responsible for the ‘‘fatigue’’ of
which some patients complain.

Quite apart from the potential for neuromuscular
involvement in primary hyperparathyroidism, neuro-
psychiatric abnormalities have yet to be thoroughly
characterized, although it remains an area of active
interest (82–85). Many patients, families, and physi-
cians note features of depression, cognitive difficulties,
and anxiety in those with the disease. Although many
of these complaints have been described as being
reversible after parathyroidectomy, appropriately con-
trolled studies are lacking.

In these and other potential complications of pri-
mary hyperparathyroidism, it has not been possible to
ascertain with any degree of certainty that they are seen
over and above what one would expect in the general
population. A problem confounding epidemiological
studies is that these associated disorders are also com-
mon in the population. Their linkage, therefore, could
reflect no more than the likelihood that common dis-
orders will be associated with a certain frequency by

chance alone. Moreover, well-controlled prospective
studies evaluating these potential complications of pri-
mary hyperparathyroidism are lacking (see below).

There are several reports of more cancers in patients
with primary hyperparathyroidism (86,87). Many of
these reports, however, are subject to selection bias. In
patients with hypercalcemia detected unexpectedly on a
biochemical profile, the most important cause to
exclude is hypercalcemia associated with malignancy.
Thus, the association between primary hyperparathy-
roidism and malignancy may be due simply to a more
diligent search for cancer in patients with hypercalce-
mia. Another possible mechanism for a chance associ-
ation between primary hyperparathyroidism and cancer
results from the frequency with which clinically silent
thyroidmalignancies are found during neck exploration
for parathyroid disease (88,89). Wermers et al. have
reported, on the other hand, that following the diag-
nosis of primary hyperparathyroidism there was no
increase in the incidence of malignancy (90).

In the United States, mortality does not seem to be
increased in primary hyperparathyroidism, according
to the epidemiology data of the Mayo Clinic experience
(90). On the other hand, reports of increased mortality
from the Scandinavian literature (91–98) and from
Germany (99) are available. The reason for this differ-
ence may again be explained by the level of activity of
the primary hyperparathyroidism, in that mortality in
the Scandinavian experience did correlate with the
extent of hypercalcemia and the weight of the para-
thyroid adenoma (21). Also consistent with this idea, in
the Rochester, Minnesota experience, those whose
serum calcium was in the highest quartile did have
higher mortality in comparison to those in the lower
three quartiles (90). On the whole, these observations
suggest that mild, asymptomatic primary hyperpara-
thyroidism is not associated with increased mortality
rates. On the other hand, when the disease presents in
more symptomatic forms, data from series in which
mortality was increased in more symptomatic subjects
become pertinent.

Most patients with primary hyperparathyroidism are
asymptomatic. They have neither symptoms nor com-
plications that are clearly and commonly associated
with hypercalcemia or excessive parathyroid hormone.
An exception to this statement is the experience in
countries such as India, Brazil, and China, in which
primary hyperparathyroidism still can present predom-
inantly as a symptomatic disorder (100,101). To a
certain extent these countries may not have as ready
access to multichannel screening as western countries.
The disease, therefore, could be discovered in a more
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advanced state. This does not account for the fact,
however, that when patients with asymptomatic pri-
mary hyperparathyroidism are monitored conserva-
tively, without surgical or medical intervention, they
do not typically show progression to the more sympto-
matic form of the disease. Therefore, there are likely to
be other explanations for why, in these countries, the
disease still presents with such overt symptomatology.
One possibility is that patients with symptomatic
primary hyperparathyroidism are invariably vitamin
D deficient. Based upon the actions of vitamin D to
help control parathyroid function, its deficiency could
fuel the parathyroid process to become even more
active. Even in our experience, patients with mild hy-
perparathyroidism whose 25-hydroxyvitamin D levels
are in the lowest tertile have evidence of more active
disease (102).

9 INDICATIONS FOR SURGERY

Primary hyperparathyroidism is cured when the abnor-
mal parathyroid tissue is removed. The decision to rec-
ommend surgery is tempered by the realization that
the majority of patients with primary hyperparathy-
roidismare asymptomatic.Moreover,we lack predictive
indices that indicate who among the asymptomatic
are at risk for experiencing complications of this dis-
ease (84). TheNIHConsensusDevelopmentConference
on the Management of Asymptomatic Primary Hyper-
parathyroidism issued guidelines for surgery to aid the
clinician faced with the hyperparathyroid patient
(79,103). At that time there was essentially no informa-
tion in asymptomatic primary hyperparathyroidism as
to who was at risk for the complications of this disease.
After considering the information that was available, a
set of guidelineswas issued and has been used, with some
modification over the past 12 years, by many endocri-

nologists (103). Certainly anyone with overt complica-
tions (radiological bone disease, kidney stones, classical
neuromuscular symptoms) should have surgery.Among
those with asymptomatic primary hyperparathyroid-
ism, the following guidelines were recommended: (1)
serum calcium concentration >1–1.6 mg/dL above the
upper limit of normal; (2) marked hypercalciuria (>400
mg daily excretion); (3) bone density more than 2 stan-
dard deviations below age- and sex-matched control
subjects (Z-score V �2.0); (4) relatively young patients
(<50 years old); (5) inability or unwillingness to be
followed without surgery. Using these guidelines, ap-
proximately 60% of patients with primary hyperpara-
thyroidism will meet at least one criterion and thereby
become a candidate for surgery. Again, it should noted
that only a small percentage of these patients are frankly
symptomatic. The majority are asymptomatic but be-
come surgical candidates by virtue of age, the serum or
urinary calcium concentration, or because of reduced
bone mass.

These guidelines for surgery, however, are subject to
modification by the physician and the patient. Some
physicians will recommend surgery for all patients with
primary hyperparathyroidism; other physicians will not
recommend surgery unless clear-cut complications of
primary hyperparathyroidism are present. The patient
enters into this therapeutic dialogue as well. Some
patients cannot tolerate the idea of living with a curable
disease and will seek surgery in the absence of any of the
aforementioned criteria. Other patients with coexisting
medical problems may not wish to face the risks of
surgery even though surgical indications are present.

In April 2002, the National Institutes of Health
(NIH) convened a Workshop on Asymptomatic Pri-
mary Hyperparathyroidism. During this 2-day confer-
ence, experts in virtually every aspect of the disease—
medical and surgical—focused upon developments in
the field since the 1990 Consensus Development Con-

Table 3 Comparison of New and Old Guidelines for Parathyroid Surgerya in Asymptomatic
Primary Hyperparathyroidism

Measurement Guidelines, 1990 Guidelines, 2002b

Serum calcium above

upper limit of normal

1–1.6 mg/dL 1.0 mg/dL

24-hour urinary calcium 400 mg Not recommended
Creatinine clearance Reduced by 30% Not recommended
Serum creatinine Not recommended If abnormal

Bone mineral density Z-score V�2.0 (forearm) T-score V�2.5 at any site
Age <50 <50

a Surgery is also indicated in patients for whom medical surveillance is neither desired nor possible.
bSource: Ref. 104.
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ference. The results of this workshop led to a new set
of recommendations for management of patients with
this disease (104) (Table 3). The newer recommenda-
tions set the upper limit of tolerance for serum calcium
at 1 mg/dL above the upper limit of normal; serum
creatinine has replaced the urinary calcium as an index;
three-site bone densitometry is advocated with a lower
limit set as a T-score (no longer Z-score) of V �2.5 at
any site. The recommendation for surgery in persons
under 50 years was sustained in light of recent data of
Silverberg et al. (105).

10 IMAGING OF ABNORMAL

PARATHYROID GLANDS

Surgery in primary hyperparathyroidism is covered in
subsequent chapters. Parathyroid surgery requires
exceptional expertise and experience (106). The glands
are notoriously variable in location, requiring knowl-
edge by the surgeon of typical ectopic sites such as
intrathyroidal, retroesophageal, the lateral neck, and
the mediastinum. Because of potential difficulties in
locating abnormal parathyroid tissue, preoperative
approaches have been developed. Noninvasive imaging
of the parathyroids include technetium-99m (Tc-99m)
sestamibi with or without single photon emission com-
puted tomography (SPECT), ultrasound (US), com-
puted tomography (CT), and magnetic resonance
imaging (MRI). Although each of these approaches
has advantages and disadvantages, the Tc-99m sestam-
ibi procedure appears at this time to enjoy the greatest
popularity. Tc-99m sestamibi imaging can be conducted
with another imaging agent, 123Iodine, so that the thy-
roid gland image can be ‘‘subtracted’’ from the image
obtained with Tc-99m sestamibi. Another approach is
to use Tc-99m sestamibi only, taking advantage of the
fact that the thyroid gland discharges the radionuclide
more rapidly than the abnormal parathyroid gland. A
delayed image, 2 hours after administration, compared
with the initial image might therefore show selective
retention in parathyroid tissue. Tc-99m sestamibi has
another advantage in that the entire mediastinal and
cervical regions can be visualized. The sensitivities for
parathyroid localization using Tc-99m sestamibi tech-
niques have been reported in many series (107,111).
Overall, the success rate of Tc-99m sestamibi imaging
is 60–70%. In patients who have not had previous
parathyroid surgery, some centers report an even higher
success rate.

Invasive localization tests with arteriography and
selective venous sampling for parathyroid hormone in
the draining thyroid veins are available when noninva-

sive studies have not been successful (112). When com-
bined with arteriographic demonstration of the tumor,
complete identification is established. Unfortunately,
arteriography and selective venous catheterization are
time-consuming, expensive, and difficult procedures.
Their success is dependent upon the skill of the angiog-
rapher. When the need for these tests arises in a patient,
referral is usually made to one of the few sites in the
United States that do these studies on a regular basis.

The value of localization tests prior to parathyroid
surgery is controversial. It has been claimed that local-
ization of gland(s) leads to greater operative success and
that operating time is diminished. In patients who have
not had prior neck surgery, expert parathyroid surgeons
claim that these tests do not prevent failed operations
and do not shorten operating time (113). In the patient
who has not had previous neck surgery, an experienced
parathyroid surgeon will find the abnormal parathyroid
gland(s) well over 90% of the time (114). Successful
localization with any of these localization procedures is
not better than 80%. Nevertheless, there is an under-
standable desire to have as much information regarding
the location of the presumed parathyroid adenoma
prior to surgery as possible. Thus, these localization
tests are becomingmore widely used. This is particularly
true as surgical approaches, described in subsequent
chapters, are beginning to rely on preoperative local-
ization in order to minimize neck exposure. The mini-
mally invasive parathyroidectomy (MIP), for example,
requires successful preoperative localization (115).

In patients who have had prior neck surgery, preop-
erative localization tests become more compelling, even
to the expert parathyroid surgeon. The general ap-
proach is to utilize noninvasive studies first. Tc-99m
with SPECT imaging along with US are best for para-
thyroid tissue that is located in proximity to the thyroid,
whereas CT and MRI testing are better for ectopically
located parathyroid tissue. In view of the substantial
incidence of false-positive studies with all the noninva-
sive localization procedures, confirmation with two
approaches is useful in order to be confident of accurate
localization.

11 CLINICAL COURSE OF PRIMARY

HYPERPARATHYROIDISM

The change in clinical presentation of primary hyper-
parathyroidism from a symptomatic to an asympto-
matic disease has required longitudinal studies to assess
the extent to which any features progress or complica-
tions appear over time. Attempts to document the
natural history of primary hyperparathyroidism extend
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back to an earlier generation through the work of
Scholz and Purnell (116). Although this study had
limitations, there did seem to be evidence from their
series that primary hyperparathyroidism could be asso-
ciated with lack of progression. The first truly long-term
prospective study of the natural history of primary
hyperparathyroidism with or without surgery has been
provided by Silverberg and colleagues over a 10-year
period of surveillance (117).

11.1 Natural History Without Surgery

Biochemical abnormalities associated with primary
hyperparathyroidism are stable during long-term fol-
low-up of mild, asymptomatic patients. The serum
calcium, phosphorus, urinary calcium, and bone mark-
ers do not change over time. Similarly, parathyroid hor-
mone levels are stable. There is no evidence that mild
primary hyperparathyroidism is associated with pro-
gressive renal impairment, at least as measured by the
serum creatinine, blood urea nitrogen, or creatinine
clearance. Yearly bone mass measurements did not re-
veal that the group as awhole showed any declines at the
lumbar spine, hip, or distal radius (Fig. 2). The relative
stability of bone mineral density is supported by histo-
morphometric data from bone biopsies showing that
age-related declines in indices of trabecular connectivity
are not evident (118). Thus, despite advancing age,
patients with primary hyperparathyroidism maintain
their cancellous microarchitecture.

Although most patients with primary hyperparathy-
roidism exhibit remarkable stability, a small proportion
of patients do have evidence of disease progression over
time. Four percent of our patients developed substantial
worsening of their hypercalcemia (serum calcium>12
mg/dL) and 15% developed marked hypercalciuria
(urinary calcium excretion >400 mg/day). Approxi-
mately 12% of patients did demonstrate progressive
declines in bone mineral density to the point where they
met NIH guidelines for surgery (cortical Z-scoreV 2.0).
No clinical, biochemical, or densitometric predictors
of disease progression could be identified, except for
the observation that those patients who tended to show

Figure 2 Conservative versus surgical management of pri-
mary hyperparathyroidism: changes in bone mineral density.

Data shown are the cumulative percentage changes from
baseline at each site after 1, 4, 7, and 10 years of follow-up in
patients who did not undergo parathyroidectomy and in

those who underwent parathyroidectomy. (From Ref. 117.)
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evidence for progression were younger, on average,
than those who did not progress over time (52 vs. 60
years old).

Although relative stability is the rule and progression
is the exception, the fact that one quarter of subjects
with asymptomatic primary hyperparathyroidism will
show progression (25–27%) means that it is important
to monitor patients who do not undergo parathyroid
surgery. Serum calcium should be measured twice
yearly; urinary calcium excretion yearly. Bone mineral
density should also be monitored annually.

In all patients with symptomatic disease, such as
nephrolithiasis, and chose not to undergo parathyroid
surgery, the disease clearly continued to progress,
as demonstrated by recurrent nephrolithiasis or other
complications of primary hyperparathyroidism. Al-
though we did not follow many patients in this cate-
gory without surgery, the fact that all of them showed
evidence of progression argues that such patients are
best advised to undergo parathyroidectomy.

11.2 Natural History with Surgery

Most patients who met surgical guidelines underwent
parathyroid surgery. After surgery they were monitored
for 10 years. Following parathyroid surgery there is a
prompt return to normal serum and urinary calcium
levels along with the parathyroid hormone level per se.
Studies of bone markers are limited but indicate a
reduction in these markers of bone turnover following
successful surgery. Although the choice of markers in
individual studies varied, our group (119), Guo et al.
(120), and Tanaka et al. (121) all reported declining
levels of bone markers following surgery. Data are also
available concerning the kinetics of change in bone
resorption versus bone formation following parathy-
roidectomy. Markers of bone resorption decline rapidly
following successful parathyroid surgery, but indices of
bone formation decline more gradually (119). Urinary
pyridinoline and deoxypyridinoline fell as early as 2
weeks post-operatively, preceding reductions in alka-
line phosphatase. Similar data were reported by Tanaka
et al. (121), who demonstrated a difference beween
changes in osteocalcin and urinary N-telopeptide fol-
lowing parathyroid surgery; Minisola et al. reported a
decrease in bone resorption markers without any sig-
nificant change in alkaline phosphatase or osteocal-
cin (122). The persistence of elevated bone formation
markers coupled with rapid declines in bone resorption
markers indicates a shift in the coupling between bone
formation and bone resorption toward an anabolic
accrual of bone mineral after surgery.

In fact, bone density does increase following para-
thyroid surgery (117,123,124). Parathyroid surgery
leads to a 10–12% increase in bone density at the lumbar
spine and hip (Fig. 2). The increase at the lumbar spine
and femoral neck is prompt, with the greatest increment
in the first postoperative year. The trend towards a
further increase after year 1 is significant only at the
femoral neck. The increase at the lumbar spine and
femoral neck sites, which contain a significant amount
of cancellous bone, is sustained over a decade following
surgery, despite the tendency of advancing age to be
associated with a decline in bone mass over time.
Lumbar spine and femoral neck bone density increased
to the same extent in a subgroup of postmenopausal
women with primary hyperparathyroidism who under-
went parathyroid surgery. In the group as a whole, as
well as in the cohort of postmenopausal women, there
was no significant change at the site enriched in cortical
bone, the distal radius. This is a curious observation in
view of the fact that the lumbar spine, enriched in
cancellous bone, appears to be relatively well protected
by parathyroid hormone. The higher turnover rate of
cancellous bone and the filling in, postoperatively, of the
expanded remodeling space at this region could
account, at least in part, for these observations (125).
In patients who have vertebral osteopenia or frank
osteoporosis (15% of the population of our hyperpara-
thyroid subjects), the postoperative increase in bone
density is even greater than the group as a whole,
reaching an average of 20% higher after surgery (126).
The marked improvement seen in patients with low
vertebral bone density argues for surgery in those who
present with cancellous as well as cortical bone loss.

In patients who underwent parathyroid surgery
because of their renal stone disease, there were no
recurrences of nephrolithiasis over a decade of obser-
vation. This is consistent with other published reports in
which a reduction in stone incidence of 90% is typically
seen after successful surgery. The 5–10% of patients
who continue to form stones after parathyroidectomy
may well have a nonparathyroid cause for their stone
disease, which persists despite cure of their primary
hyperparathyroidism (117,127,128). Alternatively, pre-
vious stone disease could have damaged the kidney such
that the local environment continues to be hospitable
for recurrent stones even after successful surgery.

The course of nontraditional manifestations of pri-
mary hyperparathyroidism ismore difficult to document
after successful parathyroid surgery. The neuropsycho-
logical manifestations of primary hyperparathyroidism
have been the most difficult to follow because verifiable
instruments in well-controlled prospective studies are
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still lacking. In 1987 Brown et al. reported on 34
patients who had a formal psychiatric and neuropsy-
chological testing (129). Follow-up observations were
obtained in 10 patients 6 months after successful para-
thyroidectomy and after 6 months of conservative
follow-up without surgery. No postoperative improve-
ment was observed. Similar observations were made by
Cogan et al. (130). In contrast, Joborn et al. (131), using
a self-rating scale, reported improvements following
successful surgery. The study of Solomon et al. is
perhaps the best attempt to date to document changes
in neuropsychological functioning before and after
parathyroid surgery (85). The author saw improve-
ments in patients who underwent parathyroid surgery,
but she also observed improvements in the control
group of patients who underwent neck surgery for
thyroid disease. It is evident that prospective, well-
controlled studies with verifiable instruments will be
needed not only to document whether or not neuro-
psychological functioning is impaired in primary hy-
perparathyroidism but also whether it is improved
following successful surgery.

The cardiovascular system has also been a focus of
attention before and after parathyroid surgery. When
hypertension is associated with primary hyperparathy-
roidism, it does not seem to improve (132–135) despite a
minority of reports to the contrary (136–138). Stefenelli
et al. have considered possible adverse effects of primary
hyperparathyroidism on valvular and myocardial calci-
fication (139). They showed that myocardial and val-
vular calcifications were present in a greater number of
patients with primary hyperparathyroidism than con-
trols. They also showed that among those who were not
hypertensive, left ventricular hypertrophy had a ten-
dency to regress one year after successful surgery. These
observations are of interest, but it is important to note
that the patients studied by Stefenelli et al. had more
advanced disease than is typically seen in many centers
at this time. The more active nature of the primary
hyperparathyroidism in the Stefenelli series may restrict
the applicability of these observations to the more
typical patients with asymptomatic disease.

11.3 NONSURGICAL APPROACHES TO

PRIMARY HYPERPARATHYROIDISM

Patients with primary hyperparathyroidism should be
encouraged to maintain a normal intake of calcium,
despite the temptation to place constraints on dietary
calcium. Calcium excretion is not different when indi-
viduals on high or low calcium intakes are compared
(116). On the other hand, in those with elevated levels of

1,25-dihydroxyvitamin D3, high-calcium diets were
associated with worsening hypercalciuria. This obser-
vation suggests that dietary calcium intake in primary
hyperparathyroid patients can be liberalized to 1000
mg/day if 1,25-dihydroxyvitamin D3 levels are not
increased, but should be more tightly controlled if
1,25-dihydroxyvitamin D levels are elevated. However,
there is no evidence in individuals without a history of
nephrolithiasis that they are more at risk for a kidney
stone if hypercalciuria is present.

Oral phosphate can lower the serum calcium by up to
1 mg/dL (140,141). Problems with oral phosphate
included limited gastrointestinal tolerance, possible fur-
ther increase in parathyroid hormone levels, and the
possibility of soft tissue calcifications after long-term
use (141). This agent is no longer advisable as a chronic
treatment for primary hyperparathyroidism.

Bisphosphonates are antiresorptive agents with an
overall effect to reduce bone turnover. Although they
do not affect parathyroid hormone secretion directly,
bisphosphonates could reduce serum and urinary cal-
cium levels. Early studies with the first-generation
bisphosphonates (etidronate aand clodronate) were dis-
appointing (142,143). The amino-substituted bisphos-
phonates, such as alendronate and risedronate, have
been the subject of limited investigation so far. In a very
short 7-day study of 19 patients with primary hyper-
parathyroidism, risedronate lowered the serum and uri-
nary calcium as well as the hydroxyproline excretion
significantly while the parathyroid hormone concentra-
tion rose (144). A randomized, controlled study of 26
patients with primary hyperparathyroidism (145) eval-
uated effects on bone mineral density after a 2-year
study with 10 mg every other day (5 mg/d) of alendro-
nate. Alendronate was associated with a reduction in
bone turnover and an increase in bone mineral density
over baseline by 8.6 F 3.0%, in the hip by 4.8 F 3.9%,
and in the total body by 1.2F 1.4%. The control group
that did not received alendronate lost about 1.5% bone
mineral density (BMD) in the femoral neck. Hassani et
al. (146) investigated 45 patients with asymptomatic
primary hyperparathyroidism with alendronate, 10 mg
daily, in a studied that was not randomized. Never-
theless, the results also showed that alendronate was
associated with increases in bone mineral density of the
lumbar spine and femoral neck (146). A similar positive
response to alendronate has been observed by Kahn et
al. (147), who are conducting an ongoing study on 44
patients with primary hyperparathyroidism. This is a
randomized, placebo-controlled, double-blinded study.
After one year of therapy, the alendronate treatment
group is showing a significant 5.3% increase in lumbar
spine and 3.7% increase in total hip bone mineral
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density. Bone resorption and bone formation markers
decreased by 74% and 49%, respectively, in treated
patients. There were no changes in ionized calcium,
phosphorus, or PTH.

Estrogen use is associated with a 0.5–1.0 mg/dL
reduction in total serum calcium levels in postmeno-
pausal women with primary hyperparathyroidism who
receive estrogen replacement therapy, although para-
thyroid hormone levels do not change (148–150). Bone
mineral density in estrogen-treated patients with pri-
mary hyperparathyroidism have also documented a
salutary effect of treatment on BMD at the femoral
neck and lumbar spine (151). This makes estrogen
replacement therapy an attractive approach in the
postmenopausal woman with very mild primary hyper-
parathyroidism who does not have any contraindica-
tions to such therapy. The selective estrogen receptor
modifier raloxifene has been studied by Rubin et al.
(151a). In preliminary observations, raloxifene has been
associated with modest reductions in serum calcium
concentration.

Calcimimetics consist of a family of molecules that
act on the parathyroid cell calcium-sensing receptor. By
interacting at an allosteric site on the calcium receptor,
these compounds mimic the effect of extracellular cal-
cium and thereby act as agonists. Similar to calcium,
therefore, these calcimimetics lead to an increase in
intracellular calcium and inhibit inhibit parathyroid cell
function. The phenylalkylamine (R)-N-(3-methoxy-a-
phenylethyl)-3-(2-chlorophenyl)-1- propylamine (R-
568) is one such calcimimetic compound, which is
known to increase cytoplasmic calcium and reduce
parathyroid hormone secretion in vitro (152). This
calcimimetic inhibited parathyroid hormone secretion
and serum calcium in a dose-related fashion among
postmenopausal women with primary hyperparathy-
roidism (153). A more potent calcimimetic, AMG 073,
has been the subject of additional studies and has shown
further efficacy to reduce serum calcium and the PTH
level in patients with primary hyperparathyroidism
(154–156). If further studies confirm the potential utility
of calcimimetics in primary hyperparathyroidism, it is
possible that such an agent might be effective in induc-
ing sustained reductions in parathyroid hormone and
serum calciumwithout the need for parathyroidectomy.
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1 INTRODUCTION

Surgical removal of solitary parathyroid adenomas or
hyperplastic parathyroid glands is the current accepted
treatment for primary hyperparathyroidism (1). Ap-
proximately 95% of patients with primary hyperpara-
thyroidism are cured in the course of initial bilateral
neck exploration performed by an experienced surgeon
(1,2). A recent meta-analysis showed that 87% of 6331
patients with primary hyperparathyroidism had a soli-
tary adenoma (3). Because patients with a solitary lesion
may be cured by less extensive surgery, numerous imag-
ing techniques for a preoperative localization of the
lesion were developed in the 1980s. However, the vast
majority of these techniques did not have a sufficiently
high accuracy, and in 1991 the National Institutes of
Health (NIH) consensus panel stated that routine imag-
ing of the parathyroid glands before an initial neck ex-
ploration was not necessary. Subsequently, during the
1990s sestamibi parathyroid scintigraphy, first intro-
duced in 1989, as well as high-resolution ultrasonogra-
phy gained popularity as a preoperative parathyroid
localization tool for directing a unilateral neck explora-
tion or even more targeted surgery.

This chapter discusses issues related to the two im-
aging modalities and the impact of the techniques on
surgical approach/patient management. The utility of
these techniques in patients with secondary or tertiary
hyperparathyroidism will not be discussed.

2 SESTAMIBI SCINTIGRAPHY

2.1 Radiotracer and Imaging Technique

Technetium-99m (Tc-99m) sestamibi is a lipophilic cat-
ionic complex. The cellular uptake of this tracer is pro-
portional to blood flow. Cellular retention of sestamibi
is related to mitochondrial metabolism and transmem-
brane potential (4). Tc-99m sestamibi has been found to
be a transport substrate for multidrug-resistant P-gly-
coprotein. The degree of P-glycoprotein expression in
various tissues may affect the degree of sestamibi reten-
tion/washout (5).

2.1.1 Dual Isotope [Tc-99m sestamibi/iodine-123
(or Tc-99m pertechnetate)] Subtraction
Protocol

Sestamibi, after intravenous injection, is taken up by
both the enlarged parathyroid glands and the thyroid
(6,7). Therefore, another radiopharmaceutical that is
concentrated only by the thyroid [either iodine-123 (I-
123) sodium iodide given orally, or Tc-99m-pertechne-
tate given intravenously] is administered. The I-123
(or Tc-99m pertechnetate) images are visually compar-
ed with and/or digitally subtracted from the sestamibi
images.

I-123 thyroid imaging is typically performed before
sestamibi is injected. Tc-99m pertechnetate imaging can
be performed either before or after a sestamibi study,
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provided that the doses of pertechnetate and sestamibi
are adjusted to not affect each other.

In many cases the outline of the thyroid may not
be clearly visualized on the delayed sestamibi view be-
cause of rapid sestamibi washout from the thyroid. For
this reason, the I-123 (or Tc-99m pertechnetate) image
should be subtracted from the early sestamibi image
rather than from the delayed image (Figs. 1, 2) (8). I-123
and Tc-99m sestamibi images may be acquired simulta-
neously using dual energy window (159 and 140 keV,
respectively) setting. Some authors have found this
protocol useful because errors due to patient’s motion
between two images (when obtained in sequence) can be
eliminated (9,10).

2.1.2 Single Isotope [Tc-99m sestamibi]
Double-Phase Protocol

Following the initial uptake phase, washout of sesta-
mibi from abnormal parathyroid tissue is usually slower
than from normal thyroid tissue. Based on this differ-
ential washout, a single isotope (Tc-99m sestamibi)
double-phase protocol was introduced (12). Using this
protocol, images are obtained at 10 minutes (early
images) and at 1.5–2.5 hours (delayed images) after
injection of sestamibi. On the early images, activity of
the enlarged parathyroid gland may be more intense
than (Fig. 1), as intense as (Fig. 2), or possibly less
intense than (Fig. 3) the thyroid activity. Because wash-
out of sestamibi from the enlarged parathyroid gland is

usually slower than that from the thyroid, parathyroid-
to-thyroid activity ratio on the delayed images is gen-
erally higher than that on the early images (Fig. 1),
which is often used as indicative of a positive study.
However, washout from the enlarged parathyroid gland
compared with the thyroid may also vary. It may be
similar to that from the thyroid (Fig. 2) or even faster
(Fig. 3).

2.1.3 Additional Images

For both protocols it is important to obtain an image of
the chest/mediastinum. If a parallel hole collimator is
used for planar imaging or SPECT, the mediastinum is
usually included within a field of view together with the
neck. Therefore, no additional view will be necessary.
However, if a pinhole collimator is used for neck imag-
ing with a relatively small field of view, then a separate
chest image should be obtained, either in all patients or
only in those with a negative neck finding depending on
the logistics of each laboratory. Mediastinal images can
be particularly helpful before second operation in
patients with persistent or recurrent disease because
the likelihood of ectopic tissue in this group is higher.

SPECT images (Fig. 4) or anterior oblique views can
be helpful for more precise localization of the lesions
(3,8,11). We have found the SPECT technique very
useful for identifying descended retroesophageal supe-
rior parathyroid adenoma, which mimicks an inferior
lesion on the planar views (Fig. 5) (12). Our data suggest

Figure 1 A typical example of a parathyroid adenoma. The I-123 scan shows a normal thyroid gland. The early sestamibi and
subtraction images demonstrate a lesion (arrow) in the right lower pole of the thyroid. The delayed sestamibi image shows more
delayed washout of radioactivity from the lesion than from the thyroid, resulting in increased contrast. A pinhole collimator

was used.
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that the more posteriorly located (at the lower thyroid
pole level) on the SPECT images an abnormal focus is,
the higher the probability of descended retroesophageal
solitary parathyroid adenoma. This observation could
have an impact on planning surgical route and poten-
tially reduce the extent of exploratory dissection.

Readers interested in details of the imaging protocol,
such as collimators, doses of each tracer, image acqui-

sition parameters, etc., are referred to a publication by
the Society of Nuclear Medicine (13).

2.1.4 Dual Isotope Subtraction Protocol Versus
Single Isotope Double-Phase Protocol

There appears to be no consensus as yet regarding which
protocol (sestamibi dual phase vs. dual isotope subtrac-

Figure 2 The I-123 image shows heterogeneous tracer uptake in the thyroid gland with a hot thyroid nodule in the left lower

pole (thick arrow). The subtraction image reveals a focus of mismatched increased sestamibi activity on the medial side of the left
upper pole (thin arrow). The delayed sestamibi image shows retention of activity in the hot thyroid nodule (thick arrow), but no
significant retention in the left upper pole focus. A parathyroid adenoma in the left upper pole and multiple thyroid nodules (the
hot nodule in the left lower pole noted on the scan being the largest one) were found at surgery. Based on the early and delayed

sestamibi images alone without the I-123 image, the hot thyroid nodule in the left lower pole could have been interpreted as a
parathyroid adenoma, and the actual parathyroid adenoma in the upper pole would have been missed.
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tion) should be used. The combined sensitivity of dual
isotope subtraction imaging and dual-phase sestamibi
imaging protocols from pooled data from articles pub-
lished in the early 1990s were 87% and 73%, respective-
ly, for abnormal parathyroid glands (14). A few recent
reports have directly compared the accuracy of the two

imaging protocols in their own patient groups. The dual
isotope subtraction technique indeed appears to have a
higher sensitivity (8–10, 15) as well as a lower false-pos-
itive rate (9,10).

We have found the dual isotope subtraction tech-
nique to be slightlymore accurate for localization.How-

Figure 3 This patient had a 460 mg parathyroid adenoma in the right lower pole. The early sestamibi image demonstrate a

lesion that is clearly outside the boundary of thyroid, and a subtraction image is not even necessary. However, the lesion shows
even faster washout than the thyroid (arrows). If the lesion was immediately adjacent to the thyroid, it would not have been
diagnosed correctly based on the double phase protocol alone.

Figure 4 SPECT sestamibi images nicely demonstrate the depth of a parathyroid adenoma (large arrows) near the right lower
pole. Small arrows indicate the thyroid.
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ever, the two protocols were essentially complementary
(16), and both I-123/sestamibi subtraction and dual
phase (early and delayed sestamibi) imaging are per-
formed in our laboratory. Patients on thyroid hormone
replacement therapy would be an exception to this. I-
123 scan is not performed in these patients because the
thyroid may not be visualized due to suppression. In-
stead, dual phase sestamibi imaging is performed first.
If the result is unclear, then Tc-99m pertechnetate
imaging may be performed since uptake of this tracer
is usually affected to a lesser degree by suppression than
is I-123.

2.2 Efficacy of Sestamibi Scintigraphy

The reported sensitivity and specificity ranges are ap-
proximately 50–100% and 75–100%, respectively. It
has been suggested in a review article (3) that the aver-
age sensitivity and specificity from ‘‘qualified’’ reports,
when an optimal technique is utilized, were 90.7% and
98.7%, respectively. However, it is not possible to get a
really representative sensitivity and specificity because,
in addition to the differences in the imaging protocol
discussed above, several other variations exist. These
include administered sestamibi dose (4–25 mCi), time of
imaging after tracer administration (particularly de-
layed imaging), collimator (pinhole, converging and/
or parallel hole) used, and image interpretation criteria
for the positive sestamibi study. For example, patient 2
in Figure 3 has a parathyroid adenoma that is less in-

tense than the thyroid on the early image even with fast-
er washout. According to the criteria adopted by many
authors, this would be a negative study.

Some authors reported the sensitivity and specificity
on the basis of the number of the abnormal parathyroid
glands, and others did on a patient basis. More impor-
tantly, if the sestamibi scan is used for directing a
unilateral exploration or more targeted parathyroidec-
tomy, a study showing no abnormal gland in the
presence of multiglandular disease should be inter-
preted as true negative for a solitary adenoma rather
than false negative for multigland disease. Likewise, a
study showing two or more abnormal glands in a pa-
tient with multiglandular disease should be interpreted
as true negative for a solitary adenoma rather than true
positive for multigland disease. Based on these modified
interpretation criteria, we have found that the positive-
predictive value of sestamibi study demonstrating a
single lesion for directing the surgical approach (not
for detecting individual lesions) is greater than 95%
(17). At any rate, all of the issues and variations dis-
cussed above need to be standardized to obtain a truly
clinically relevant efficacy of sestamibi imaging.

2.3 False-Positive Studies

The most common cause of false-positive studies is
benign thyroid nodules (Fig. 2). Thyroid carcinoma
and thymoma may also cause false-positive studies.
Reactive lymph nodes have also been reported to create

Figure 5 On the delayed sestamibi images, retention of activity is noted in a large focus (large arrow) just inferomedial to the
lower pole of the right thyroid lobe, which would normally be interpreted as a inferior parathyroid adenoma. However, a selected
sagittal SPECT image demonstrates that the location of the lesion (arrow head) is significantly more posterior than usual. The

thin arrow indicated the lower pole of the right thyroid lobe. A descended retroesophageal superior parathyroid adenoma was
found at surgery.
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false-positive studies, although some authors dispute
this finding (3).

Kim et al. (18) reported that the right auricle is often
seen as an isolated right paramediastinal focus (in the
right parasternal region at the level of the top of the
left ventricular myocardium on the anterior sestamibi
image) and that, less frequently, the superoanterior right
ventricular wall also appears as a focus in the inferior
mediastinum. These findings should not be interpreted
as an ectopic parathyroid lesion in the mediastinum.

2.4 Clinical Impact of Sestamibi Scintigraphy

The NIH Consensus Development Conference Panel
concluded in 1991 that preoperative localization in
patients without previous neck operation is rarely indi-
cated and has not proved to be cost effective (1). One of
the arguments used to support this conclusion was that
no single pre-operative localization technique (or even
in combination) used during the 1980s had a higher
sensitivity than the 95% success rate of bilateral neck
exploration by experienced surgeons.

2.4.1 Impact on Surgical Approach

Despite the fact that the average sensitivity of sestamibi
imaging in recent literature still does not exceed 95%,
this technique has gained popularity among surgeons in
the 1990s. It is clearly because the information obtained
from the scan is now used in a different way: whether the
scan finding can guide surgeons for a targeted surgery is
a clinically more relevant issue than its sensitivity in
detecting all abnormal glands. It may also partly be due
to improved imaging technique and improved interpre-
tation with longer experience.

Controversy still persists. Some centers still seem to
prefer bilateral exploration (19,20). Greene et al. (19)
reported that sestamibi-guided parathyroidectomy may
not offer any advantage over the standard bilateral
exploration because a bilateral neck exploration can
be performed on an outpatient basis and at low cost,
with a high success rate and minimal morbidity. How-
ever, they did not compare the two techniques directly in
their own patient group. Shen et al. (20) concluded that
sestamibi imaging is inadequate for directing unilateral
neck exploration for first-time parathyroidectomy
because parathyroidectomy would have failed in 10%
of their patients if unilateral neck explorations had been
performed on the basis of sestamibi scan results. How-
ever, the prevalence of multiple abnormal parathyroid
glands in their population was unusually high (30%)
compared to others (10–20%). A high prevalence of
multigland disease will naturally decrease the positive-

predictive value of a study showing a single abnormal
focus for a solitary adenoma. If only 15% of their
patients had multiple abnormal glands, unilateral neck
exploration would have failed in only 5% of patients.

The failure rate of surgery can be further reduced
with an intraoperative PTH assay. The majority of
recent investigations regarding this issue have found
sestamibi imaging (alone or in combination with ultra-
sonography and/or intraoperative PTH assay) useful in
directing unilateral exploration or more targeted mini-
mally invasive (with or without radioguidance) surgery
(21–25). We cetainly have found the positive-predictive
value of sestamibi study demonstrating a single lesion
for directing the surgical approach (not for detecting
individual lesions) to be very high (17).

Norman et al. (24) emphasized the importance of
radioguided parathyroidectomy. They studied 17 pa-
tients who were referred for persistent primary hyper-
parathyroidism after undergoing at least one neck
exploration. All patients had a sestamibi scan prior to
their initial operation that was interpreted as clearly
positive and then, during or after an unsuccessful
operation, deemed false-positive. The authors repeated
sestamibi scintigraphy, which demonstrated the same
single focus in all patients. During minimally invasive
radioguided parathyroidectomy, an adenoma was suc-
cessfully located and removed in all patients. This series
indicates that radioguided surgery should increase the
success rate of parathyroidectomy even more and that
the false-positive rate of sestamibi imaging may be even
lower than that reported in the literature. However,
controversy exists, and some authors feel that radio-
guided parathyroidectomy does not add any significant
advantage (26).

2.4.2 Other Impacts

Denham and Norman (3) reported that the average op-
erative time for a standard bilateral exploration in 15
articles (753 patients) was 109.3F 29minutes compared
with 49 F 5.0 minutes for a limited resection using
sestamibi localization in 3 articles plus their unpub-
lished data ( p < 0.0001). A direct comparison between
the two surgical approaches in a single series is also
available. In the series by Norman et al. (23), surgery
times for the two approached were 127 minutes and 90
minutes, respectively. Hindie et al. (9) also reported that
average surgery time was reduced from 120 to 90
minutes with the guidance of sestamibi imaging. Gupta
et al. reported the total operative time of 49 F 21
minutes for unilatreal neck exploration guided by pre-
operative sestamibi imaging compared to 103 F 45
minutes for bilateral neck exploration (27).

Kim and Haber236



Other benefits associated with sestamibi guided para-
thyroidectomy include a decrease in the number of
specimens submitted to pathology for frozen section
analysis, local anesthesia instead of general anesthesia
resulting in a shorter recovery room time and shorter
hospital stay after surgery. All of these factors contrib-
ute to the cost saving even after adding the cost of
sestamibi scintigraphy (3). However, adding the cost of
preoperative ultrasonography and intraoperative PTH
measurement, if also used, complicates the issue related
to cost-effectiveness. The controversy certainly has not
been resolved.

Aside from all these issues, sestamibi imaging in
patients with persistent or recurrent hyperparathyroid-
ism clearly appears to be useful in localizing previously
unidentified parathyroid lesions in the neck or in ectopic
locations before a second operation (28–31).

3 ULTRASONOGRAPHIC IMAGING

OF ENLARGED PARATHYROID GLANDS

High-resolution ultrasonography is an excellent tech-
nique for the preoperative localization of enlarged para-
thyroid glands in primary hyperparathyroidism. Its
advantages include simplicity and convenience, lack of
radiation exposure, low cost, precise anatomical detail,
and ability to detect coexisting nodular thyroid disease.

3.1 Technique of Parathyroid Ultrasonography

The superficial location of the parathyroid glands in the
anterior neck facilitates their examination by high-
resolution ultrasonography, since there is an inverse
relationship between ultrasound frequency and depth of
penetration. Most parathyroid adenomas lie at a depth
of 1.0–1.5 cm beneath the skin, permitting clear imaging
with high-frequency high-resolution ultrasound trans-
ducers. A variety of ‘‘small parts’’ ultrasound trans-
ducers may be used, including linear, convex, and
sector-type phased-array probes with frequencies of
7.5–10 mHz. Such transducers yield two-dimensional
views with a resolution as low as 1–2 mm.

Ultrasound examination of the anterior neck should
be performed as a ‘‘real-time’’ examination analogous
to a physical examination, rather than by reviewing
static images obtained beforehand. The examination is
performed with the patient in the supine position with
the neck maximally extended to optimize visualization
of the upper mediastinum. A pad under the shoulder
blades may be used for this purpose. Ultrasound
transmission gel is applied to the skin. Beginning with
the thyroid region the examiner moves the probe over

the central compartment of the neck on each side from
the level of the submandibular glands to the clavicles.
In the majority of patients with primary hyperpara-
thyroidism, enlarged parathyroid glands are immedi-
ately apparent to experienced ultrasound operators. If
an enlarged parathyroid gland is identified, the exam-
iner notes the precise location with respect to sur-
rounding structures such as the thyroid gland and
great vessels, the depth from the skin, and the size in
three dimensions.

3.2 Location and Ultrasonographic Appearance

of Enlarged Parathyroid Glands

Enlarged parathyroid glands appear as hypoechoic
structures, in sharp contrast to the hyperechoic thyroid
tissue to which they are usually juxtaposed (Fig. 6). In

Figure 6 (A) Sagittal ultrasonographic view of enlarged

upper parathyroid gland posterior to the mid-upper left lobe
of the thyroid. The sharply demarcated hypoechoic adenoma
(0.8 � 2 cm) lies posterior and adjacent to the more

hyperechoic thyroid tissue. (B) Sagittal ultrasonographic view
of a lower left parathyroid adenoma (1 � 2 cm). The
hypoechoic adenoma lies immediately adjacent to the hyper-

echoic lower left pole of the thyroid, seen at the upper left.
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most cases they are elongated in the sagittal dimension
and oval in shape. Normal parathyroid glands are only
occasionally detectable by ultrasonography due to their
small size.

Enlarged superior parathyroid glands are usually
found posterior and adjacent to the upper one third of
a thyroid lobe (Fig. 6A). Enlarged superior parathyroid
glands lying posterolateral to the tracheamay be hidden
by the acoustic shadow of the tracheal cartilage, but
their detection may be facilitated by asking the patient
to turn the head to the opposite side, causing protrusion
of such deep parathyroid adenomas from the acoustic
shadow. Enlarged inferior parathyroid glands are usu-
ally found immediately adjacent to the lower pole of a
thyroid lobe (Fig. 6B). It is, however, common for en-
larged inferior parathyroid glands to lie at a variable
inferior distance from the lower pole of a thyroid lobe,
often within the mediastinum. By orienting the ultra-
sound transducer inferiorly and posteriorly above the
clavicles, the uppermost mediastinum down to the level
of the innominate and subclavicular veins can be visual-
ized in most patients, permitting localization of some
ectopic mediastinal parathyroid adenomas. Although
ectopic inferior parathyroid adenomas lying within 2–3
cm of a lower thyroid pole may be successfully imaged
using this technique, many cannot be imaged by ultra-
sonography due to the acoustic shadows cast by the
bony structures of the chest.

Either the superior or inferior parathyroid glands
may occasionally be partly or entirely intrathyroidal.
Intrathyroidal parathyroid adenomas are easily de-
tected by ultrasonography, since their hypoechoic ul-
trasound image stands out against the surrounding
hyperechoic normal thyroid tissue (Fig. 7). Although
easily detected by ultrasonography, intrathyroidal para-
thyroid adenomas have an ultrasonographic appear-
ance indistinguishable from that of thyroid nodules,
which are commonly hypoechoic as well. The true
nature of intrathyroidal parathyroid adenomas may
be suspected when their location is immediately adja-
cent to the usual extrathyroidal parathyroid position,
i.e., within the posterior aspect of an upper thyroid lobe
or at the extreme lower pole of the thyroid. The diag-
nosis can be confirmed by ultrasound-guided fine needle
aspiration of the suspected parathyroid adenoma, with
subsequent demonstration of high levels of parathyroid
hormone in the diluted aspirate by immunoassay (32).
Because intrathyroidal parathyroid adenomas may lie
entirely within the thyroid capsule and may not be
evident during surgical exploration, their demonstra-
tion by ultrasonography can prevent unsuccessful oper-
ations for hyperparathyroidism.

When only a single enlarged parathyroid gland is
detected, a presumptive diagnosis of a solitary adenoma
is made. The detection of more than one enlarged
parathyroid gland suggests the presence of parathyroid
hyperplasia or less commonly multiple adenomas.

3.3 Diagnostic Weaknesses of Ultrasonography

The major weakness of ultrasonography is the frequent
failure to localize enlarged parathyroid glands in pa-
tients with primary hyperparathyroidism. Common
causes of such false-negative examinations include
ectopic parathyroid adenomas obscured by the acoustic
shadows of the trachea ormediastinum and the presence
of parathyroid hyperplasia (33,34), in which enlarge-
ment of individual glands may be minimal. In addition,
the presence of multinodular thyroid enlargement
decreases the sensitivity of ultrasonography for detect-
ing enlarged parathyroid glands (35,36), probably
because of diminished resolution of ultrasound imaging
deep to large goiters.

Ultrasonography may also yield false-positive re-
sults. First, patients with apparently solitary parathy-
roid adenomas demonstrated by ultrasonography may
in fact harbor multigland disease, and ultrasonography
has poor sensitivity for diagnosing the presence of
parathyroid hyperplasia (33,34). Second, nonparathy-
roid anatomical structures may be mistaken for para-

Figure 7 Transverse ultrasonographic view of a 1 cm

intrathyroidal parathyroid adenoma lying within the upper
left pole of the thyroid. The hypoechoic adenoma is entirely
surrounded by hyperechoic thyroid tissue. Material obtained
by ultrasound-guided fine needle aspiration yielded high

levels of parathyroid hormone by immunoassay, distinguish-
ing the mass from a thyroid nodule.
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thyroid adenomas. The hypoechoic appearance and
elongated shape of cervical lymph nodes is similar to
that of parathyroid adenomas, although the presence of
linear hilar echoes in lymph nodes is a distinguishing
feature. Occasionally posterior or inferior thyroid nod-
ules may be difficult to distinguish from extrathyroidal
parathyroid adenomas, although this distinction is evi-
dent to experienced observers in most cases. In static
ultrasonographic images the anechoic thyroid veins in
cross section may mimic parathyroid adenomas, but
vascular structures are easily recognized in a ‘‘real-
time’’ examination with multiple viewing angles or by
color-flow Doppler ultrasonography when this technol-
ogy is available.

3.4 Diagnostic Accuracy of Parathyroid

Ultrasonography

The reported ability of ultrasonography to correctly
localize enlarged parathyroid glands in primary hy-
perparathyroidism ranges from 44 to 87% (33,35–43),
with most recent series reporting sensitivities of 67–
87% in patients without prior parathyroid surgery
(33,35,37,38,43). However, the reliability of positive test
results is high, with reported positive predictive values
of 89–97% based on anatomical findings at surgery
(33,35,38,42,43).

It is likely that the reported accuracy of ultrasonog-
raphy for preoperative localization of enlarged para-
thyroid glands is highly dependent on the skill and
experience of the examiner (43,44). Other factors that
may explain the variable reported accuracy of ultra-
sonography in primary hyperparathyroidism include
(1) the inclusion of patients with persistent or recurrent
disease after prior surgery, since these patients are
likely to have a high incidence of ectopic mediastinal
parathyroid adenomas not detectable by ultrasonog-
raphy (45), (2) the number of patients with parathyroid
hyperplasia, and (3) the frequency of multinodular
thyroid disease.

3.5 Coexisting Nodular Thyroid Disease

Since nodular thyroid disease is common in the general
population (46), ultrasonography will detect thyroid
nodules in many patients undergoing evaluation for
primary hyperparathyroidism. The majority of such
nodules are nonpalpable nodules measuring less than
1 cm (46), and most such small nodules are probably
not clinically significant since they are so common.
However larger thyroid nodules, often not palpable,
are reported to be associated with hyperparathyroidism

(47). Moreover, an association of hyperparathyroidism
with thyroid cancer has been reported by several
authors (reviewed in Ref. 47). In the present authors’
experience, 3 of 86 patients undergoing preoperative
ultrasonography for hyperparathyroidism were found
to have thyroid cancer at surgery. In all three the thyroid
cancer was nonpalpable and was detected by ultra-
sonography. Two of these patients underwent fine
needle aspiration using ultrasound guidance, leading
to a preoperative diagnosis of thyroid cancer.

3.6 Intraoperative Ultrasonography

Several studies have reported the use of intraoperative
ultrasonography for the localization of parathyroid
adenomas in reoperative cases after failed initial surgery
for hyperparathyroidism. Either a dedicated ster-
ile intraoperative transducer or one draped in a sterile
sheath can be used.Norton et al. (48) reported a series of
25 consecutive patients undergoing reoperation and
found that intraoperative ultrasonography was more
likely to correctly localize abnormal parathyroid glands
(correct in 76% of cases) than preoperative ultrasonog-
raphy (correct in 36% of cases) and had a much lower
false-positive rate. The intraoperative imaging was felt
to limit the dissection and to shorten the length of
the operation by 50%, but was not deemed essential
for localizing abnormal glands. It was more likely to
localize abnormal inferior and intrathyroidal glands
than abnormal superior glands. A second report by this
group confirmed these findings (49). Feingold et al. (50)
reported the results of a series of 52 reoperations for
primary hyperparathyroidism in which intraoperative
ultrasonography was available and used at the discre-
tion of the surgeon in 34 cases. In six of these cases in-
traoperative ultrasonography was deemed essential for
localizing the parathyroid adenoma: in five cases
because the adenoma was hidden in dense scar tissue
despite successful preoperative imaging with sestamibi
scintigraphy or ultrasonography, and in one case
because it lay within a strap muscle.

4 SESTAMIBI SCINTIGRAPHY VERSUS

ULTRASONOGRAPHY FOR

PARATHYROID IMAGING

Among previous reports that have directly compared
ultrasonography and sestamibi scintigraphy in patients
undergoing initial parathyroid surgery, Mazzeo et al.
(38) and De Feo et al. (43) reported that the two meth-
ods were similar in their ability to correctly predict the
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surgical findings, while Casas et al. (51) and Lumachi et
al. (52) found that sestamibi imaging was superior. In a
large series including ultrasonography in 447 patients
and sestamibi scintigraphy in 70 of these patients, Cha-
puis et al. (37) found that ultrasonography provided
better results. In the present authors’ experience with
parathyroid imaging using both methods in 74 patients
undergoing initial surgery for primary hyperparathy-
roidism, the likelihood of a positive test, the likelihood
of a correct positive test, and the positive predictive val-
ue were 80%, 74%, and 93%, respectively; for ultra-
sonography and 92%, 82%, and 90%, respectively, for
sestamibi scintigraphy (53). These differences were not
statistically significant except for the slightly higher
likelihood of a positive test with sestamibi scintigraphy,
which was attributable to much better sensitivity for
detecting ectopic substernal parathyroid adenomas.

On the other hand, five series, which included pa-
tients with prior failed parathyroid surgery, showed su-
perior imaging results with sestamibi imaging (36,41,
42,54,55), as well as a series that did not specify whether
such patients were included (40). In one such study
sestamibi imaging was correct in all six patients with
prior unsuccessful parathyroid surgery, while ultraso-
nography provided correct imaging in only three of the
six (42). Because patients with failed prior surgery are
likely to have a high incidence of ectopic parathyroid
adenomas in the upper mediastinum, which are rela-
tively inaccessible to ultrasonography (52,56), sestamibi
imaging would be expected to yield superior results in
such patients. However, one recent study that focussed
exclusively on such reoperative cases found that preop-
erative ultrasonography provided superior sensitivity to
sestamibi scintigraphy (50).

The accuracy of ultrasonography may be more oper-
ator-dependent. In our recent series, accuracy of one
sonographer specializing in thyroid and parathyroid
ultrasonography was 80%, while combined accuracy
of other general sonographers was 64% ( p=0.04) (57).
There was no significant difference in accuracy of
sestamibi scan reading among three readers.

5 SUMMARY

There are still some issues in parathyroid scintigraphy
that have not been resolved completely, including which
dual isotope (I-123/sestamibi vs. Tc-99m pertechnetate/
sestamibi) and/or double-phase imaging methods or
combined methods are most efficatious. We believe that
the dual isotope subtraction technique and the sestamibi

double-phase technique complement each other. There
are different views on the image acquisition details and
cost-effectiveness.

Sestamibi imaging and high-resolution ultrasonog-
raphy have been shown to achieve high accuracy in
localizing parathyroid adenomas. Numerous reports
published during the past decade support the use of
one or both of these techniques for directing a unilateral
neck exploration or more targeted parathyroidectomy.
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Surgical Management of Hyperparathyroidism

Arthur E. Schwartz
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1 INTRODUCTION

The presentation, diagnosis, and operative approach to
hyperparathyroidism have undergone great changes
since it was first recognized as a clinical entity in 1925.
The classic case of Captain Charles Martell offers guid-
ance that is still useful (1). This previously vigorous sea
captain had decreased 7 inches in height, developed the
multiple skeletal deformities of osteitis fibrosis cystica,
and passed gravel at the end of urination. In the course
of six operations for hyperparathyroidism at the Mas-
sachusetts General Hospital, at least two normal para-
thyroids were removed. At a seventh procedure an
adenoma in the anterior mediastinum was discovered
and removed through a sternal splitting incision. Post-
operatively he became hypocalcemic. Six weeks there-
after he died of tetany and laryngospasm during an
attempt to remove a kidney stone. The lessons from
this case remain with us today—the limited ability to
predict ectopic parathyroid adenomas that may be
beyond the reach of a neck incision, and the realiza-
tion that the removal of normal parathyroid glands can
be devastating.

The classical syndrome of skeletal deformity with
cysts and bone depletion no longer pertains. Nor are
recurrent kidney stones and severe kidney damage
needed to suspect the diagnosis. Hyperparathyroidism
is now diagnosed with close to 100% accuracy; it is
commonly identified in its silent stage when routine
chemistries demonstrate hypercalemia. The discussion

at present concerns the timing and the need for opera-
tive intervention in the management of asymptomatic
disease, as well as the surgical approach.

The diagnosis of hyperparathyroidism has changed
from that of requiring the physician to suspect the dis-
ease from a constellation of diverse symptoms. Routine
blood tests nowmake the diagnosis. We know the struc-
ture of parathormone, understand its variations, and
are able to identify its active component by immuno-
chemistry.

The surgical approach to the disease is changing with
the introduction of more accurate localizing techniques
and the ability to monitor parathyroid hormone (PTH)
levels during the operative procedure. Thismakes it pos-
sible to approach the operation in a more focused
manner and with new techniques.

Neck exploration for hyperparathyroidism offers a
95% or better rate of success, a mortality rate that ap-
proaches zero, and amorbidity rate that is less than 1%.
Few other procedures offer this ratio of benefit to risk.

2 EMBRYOLOGY

A valuable key to successful parathyroid surgery lies in
understanding the embryology. The central portion of
the thyroid arises from a diverticulum in the floor of
the pharynx. The lateral portions of the thyroid as well
as the superior parathyroids and parafollicular C cells
(derived from the ultimobranchial body) originate in
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the 4th branchial pouch; they do not usually stray far
from each other as they descend into the neck. It is
intriguing that the superior parathyroid and parafollic-
ular C cells, each intimately involved in the metabolism
of calcium, share a common primordium (Fig. 1). The
inferior parathyroid glands and the thymus have a
common origin from the 3rd branchial pouch, but
occasionally do not completely part company on their
downward journey. They may be found accompanying
each other in the low neck or superior mediastinum.
It is not surprising therefore, that 85% of mediastinal
parathyroid tumors are found within or close to the
thymus. The inferior glandsmay be containedwithin the
parenchyma of the thymus, adjacent to it, or be present
in the nearby fatty and areolar tissue. They travel a
longer distance than the superior glands and are more
prone to anatomical ectopia. As the glands become
larger and heavier because of adenomatous or hyper-
plastic change, they are more likely to become displaced
downward in the tissue planes that offer least resistance.
This migration may be increased by gravity, negative
intrathoracic pressure, or swallowing. Enlarged supe-
rior glands tend to be displaced downward and poste-
riorly, along the tracheoesophageal groove and into the

Figure 1 Embryological derivation, descent, and final loca-
tion of thyroid and parathyroid glands.

Figure 2 Position and percentage distribution of superior

(A) and inferior (B) parathyroid gland: at autopsy, and on
reexploration after initial failed surgery for hyperparathy-
roidism. Intrathyroid parathyroid glands are assumed to
originate in the superior glands. Statistics are approximate.

(Refs. 2, 3, 68, 69, 93.)
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posterior mediastinum (Fig. 2A). Displaced inferior
glands are more likely to be found in the anterior
mediastinum (Fig. 2B).

3 SURGICAL ANATOMY

In a dissection of 503 autopsy cases, Åkerström et al.
found 84% to have four parathyroid glands. In 3% of
the persons examined, only three glands could be iden-
tified. Supernumery glands were present in 13% of in-
dividuals, usually a fifth gland located in the thymus (2).
This is in approximate agreement with other authors.

3.1 Superior Parathyroid Glands

(Branchial Pouch IV)

The superior parathyroid glands are more constant in
location, presumably because there is minimal migra-

tion in their embryological development. In a post-
mortem study by Wang (3), 77% of 312 superior para-
thyroid glands were found posteriorly at the cricoid
junction. They were intimately associated with, and
occasionally hidden by the recurrent laryngeal nerve
and the adjacent vascular branches. Twenty-two per-
cent of the 312 superior glands were located behind
the upper pole of the thyroid. The superior parathy-
roids were almost always located beneath the capsule
of the thyroid. One percent of glands were found
behind the junction of the lower pharynx and upper
esophagus.

These findings are in general conformity with the
previously noted study of 503 autopsy cases reported
by Åkerström and associates from the University of
Uppsala, Sweden (2). They found that 80% of superior
glands were located within a circumscribed area 2 cm
in diameter, approximately 1 cm above the intersection
of the recurrent laryngeal nerve and the inferior thy-

Figure 3 Location of superior (A) and inferior (B) parathyroid glands. The numbers represent the percentages of glands found
at different locations in an autopsy study of 503 cases. More frequent locations are indicated by darker shading. (Adapted from

Ref. 2.)
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roid artery, lying posterior to the superior portion of
the thyroid or applied to it (Fig. 3A).

The superior parathyroid glands are characteristi-
cally positioned behind the recurrent nerve but may
be found within the fascia attaching the upper pole of
the thyroid to the pharyngeal wall and trachea (Berry’s
ligament), or anterior to it. Care must be taken not to
damage the gland when dissecting this fascia. As supe-
rior glands descend, they follow a posterior plane; the
usual ectopic positions are along the tracheoesophageal
groove or the posterior mediastinum (Fig. 2A).

3.2 Inferior Parathyroid Glands

(Branchial Pouch III)

Inferior parathyroid glands are not distributed in as
constant a position as the superior glands. They origi-
nate from the 3rd branchial pouch in association with
the thymus and travel much further downward in their
embryological development. Classically, they appear
anterior to the recurrent nerve and applied to the
thyroid gland. Their more widely dispersed distribution
is likely an embryological consequence of their journey
further downward than the superior glands and their
common origin with the thymus (Fig. 1). This may be
responsible for the approximately 30% of lower glands
that are found in the tissue inferior to the thyroid,
adjacent to, or within the thymus. When inferior glands
descend or are in ectopic positions, they rest in an ante-
rior plane and are frequently located in the thyrothymic
ligaments, the thymus, or lower in the anterior medias-
tinum.

Wang (3), in a study of 160 cadavers, found inferior
glands to be more widely dispersed than the upper
glands, located somewhat evenly between the lower
pole of the thyroid and the thymus. Forty-two percent
were located on the anterior or posterior lateral sur-
face of the lower pole of the thyroid, frequently hidden
in thyroid creases. Thirty-nine percent were located in
the lower neck within the thymic tongues. The medi-
astinum was the site of 2% of the inferior glands. Fif-
teen percent were situated at some distance lateral
to the lower pole of the thyroid lobe; most were sus-
pended by vascular pedicles. Of six glands that were
ectopic, three were found high at the carotid bifur-
cation, and three in the mid-thyroid area close to, but
outside the carotid sheath. Åkerström et al. observed
that 61% of inferior parathyroid glands were found
just below, posterior, or lateral to the lower pole of the
thyroid. The next most common location (26%) was
the region inferior to the thyroid lobes, in close asso-
ciation with the fibrous tissue connecting the lower
thyroid pole and the thymus, or within the cervical

portion of the thymus (Fig. 3B). If the third pharyn-
geal pouch fails to descend, the ‘‘inferior parathyroid’’
may remain trapped high in the neck, in the para-
pharyngeal area along the carotid artery as high as the
base of the skull. A small amount of thymus is often
attached to the gland, confirming the embryology, and
explaining the use of the term: ‘‘undescended parathy-
mus’’ (4) (Figs. 1, 2B).

Bilateral symmetry is common in the location of
the parathyroid glands, extending a helping hand to
the surgeon. It is present in 80% of the superior and
70% of the inferior glands, but less frequently in those
glands found in aberrant locations. Relative symmetry
in the position of all four glands is present in 60%
of cases (2).

Since the parathyroids arise and travel downward
separately from the thyroid, they typically have their
own capsule. A normal or enlarged parathyroid gland
can be suspected at surgery if a nodule on the surface
of the thyroidmoves separately when nudged by a ‘‘pea-
nut’’ sponge placed on the end of a hemostat. This mo-
bility is especially evident when the gland is enlarged
by an adenoma; these will usually shell out easily from
the surface of the thyroid, or from the location to which
they have migrated.

4 SURGICAL PATHOLOGY

4.1 Features of Normal Parathyroid Glands

In 1800 Ivar Sanström, a Swedish medical student, first
described the human parathyroid glands. It was not re-
cognized until 1815, 15 years later, that excision of the
parathyroid glands, rather than the removal of the thy-
roid, was the cause of tetany (5). In 1907 Halsted com-
mented, ‘‘it seems hardly credible that the loss of bodies
so tiny should be followed by a result so disastrous’’ (6).

A normal parathyroid gland measures approxi-
mately 5 � 4 � 2 mm, the size of a lentil. It is light tan
in color, oval or bean shaped, concave on the side ap-
plied to the thyroid, convex on the exposed side, and
is often embedded within or cradled by a small fat
pad (Fig. 4). It is frequently shaped by the pressure of
neighboring structures because of its soft consistency. In
most cases it is bean-shaped, but occasionally it may be
elongated, bilobed, or multilobate. When the parathy-
roid becomes adenomatous or hyperplasic, the flattened
shape becomes globular. The color is a function of
stromal fat content; it progresses from a yellowish-light
brown or tan in a normal gland, to a reddish-brown as
the fat content decreases in the abnormal gland. Adeno-
mas and hyperplastic glands usually contain less stromal
fat, a factor in their histological diagnosis.
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A single gland may weigh between 20 and 70 mg; the
combined weight of all four glands is usually between
120 and 160 mg and should be less than 210 mg (7).
Ghandur-Mnaymneh, in a study of 100 individuals who
died from other causes, found that the high range of
individual gland weight was 72.6 mg in whites and 91.6
mg in blacks, more than in previous reports (8). The
weight of a gland is the most useful indication in deter-

mining whether it is abnormally enlarged. Parathor-
mone secretion is a direct reflection of the mass of the
gland. Therefore, gland weight is a crucial component
of any surgical pathology report.

Approximately 80–100mg of parathyroid tissue (two
normal sized glands) is usually enough to maintain nor-
mal calcium levels, an important guide to the surgeon
performing parathyroid or thyroid surgery.

Figure 4 Parathyroid: normal and adenoma. (Top left) The normal parathyroid gland is roughly the shape and size of a lentil. It
is shown between the thumbs of the pathologist. (Top right) Two enlarged inferior parathyroid glands, part of a four-gland
water-clear hyperplasia. The size of the glands is in scale with the thyroid drawing. (Bottom left) Normal parathyroid gland

consisting of a mixture of chief cells, clear cells and oncocytic cells, with a variable amount of adipose tissue. (Inset) All of these
endocrine cells have characteristic round nuclei and prominent cell membranes. (Bottom right) Compare normal parathyroid
histology with that of an enlarged parathyroid. While the cytological components remain the same, the cellular abundance is

indicative of hyperplasia. Histologically, there are no features that can consistently distinguish an adenoma from glandular
hyperplasia (hematoxylin and eosin). (Courtesy of Dr. Michael Klein, Mount Sinai School of Medicine.)
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4.2 Cellular Structure

The parathyroid gland is composed mainly of ‘‘chief
cells,’’ the most important functional component. Clear
cells and oxyphil cells are functional modifications of
the chief cells. Oxyphil cells are larger than chief cells,
distinguished by their granular eosinophilic cytoplasm,
the result of abundant mitochondria. Clear cells are the
largest parathyroid cells, characterized by clear cyto-
plasm containing many small vacuoles.

4.3 Adenoma

Adenomas are almost always solitary and are more
frequently found in the inferior glands. The cut surface
ranges from a mahogany red-brown to a tan or light
brown; cystic areas may be present. They are usually
composed of chief cells but may also contain a variable
mixture of oxyphilic or water-clear cells. Chief cells in
adenomas are usually large and variable in size, hyper-
chromatic with nuclear pleomorphism, and may be
multinucleated. As in many endocrine entities, nuclear
pleomorphism should not be regarded as a sign of
malignancy; it constitutes a second criterion used in
discriminating adenomas from hyperplastic glands (9).
Occasional mitotic figures can be seen but are usually
fewer than 1 per 10 high power fields. More numerous
mitotic figures should raise the suspicion of carcinoma.
The size of the glands corresponds roughly to the degree
of hypercalcemia (10). The remaining parathyroids are
frequently suppressed, often containing increased intra-
cellular and stromal fat, but this cannot be grossly
distinguished at surgery. The other glands may also
appear entirely normal. Studies have confirmed that
adenomas are the result of clonal proliferation derived
from a single mutated cell or as a result of a constitutive
(somatic) mutation in chromosome 11, in the region
of the MEN1 gene. Generally, chromosomal mutations
can be present only in the diseased tissue (acquired) or
within all the cells of an individual (germline). Muta-
tions within chromosome 11 can be confined to the
parathyroid cells (sporadic or nonfamilial hyperpara-
thyroidism) or may be a constitutive, somatic mutation
(e.g., familial, syndromic hyperparathyroidism) (11).

4.4 Hyperplasia

Typically all glands are enlarged, hypercellular, and
contain decreased intracellular and stromal fat. Chief
cells usually predominate. Parathyroid hyperplasia may
be sporadic or a component of familial hyperplasia,
MEN1, 2a, or 2b, although hyperparathyroidism is rare

in type 2b. Usually all four glands are enlarged and hy-
perplastic, but the hyperplasia may be asymmetrical,
with one or two glands enlarged and the others appar-
ently normal in size. There may be a uniform cellular
hyperplasia, or a multinodular hyperplasia, with adja-
cent gland compression and admixed adipose tissue.
This nodularity can easily mimic an adenoma. In fact,
parathyroid hyperplasia and adenomas are not as dis-
tinct and mutually exclusive, as was once previously
conceptualized. Adenomas can evolve within diffuse
hyperplasia, giving rise to asymmetrical enlargement.
Genetic studies of allelic loss within chromosome 11
further support this concept (12).

Histologically, parathyroid hyperplasia can be com-
posed uniformly of chief cells or be of mixed cellularity.
Water-clear hyperplasia is less common and sporadic;
there is no genetic component.

4.5 Distinguishing Adenoma from Hyperplasia

When one gland is enlarged and the others are normal,
it is obvious that the pathology is that of an adenoma.
However when there are two or even three enlarged
glands and the remaining gland(s) are normal in size,
the surgeon confronts a dilemma: Is this a case of mul-
tiple adenomas or of hyperplasia? The decision can be
difficult or even impossible at the operating table. The
differentiation between adenoma and hyperplasia leads
to a difference in management. Aggressive resection of
additional glands if an adenoma is misdiagnosed as
hyperplasia can result in postoperative hypocalcemia.
When a single gland is enlarged, the diagnosis is almost
certainly adenoma. If this finding were an early stage
of hyperplasia, recurrence after excision would be ex-
pected. This is not the case. Recurrent hypercalcemia
following removal of a single enlarged gland is approx-
imately 1% (13).

None of the histological features said to distinguish
hyperplasia from adenoma have survived after evalua-
tion of large numbers of cases. Historically, the distinc-
tion was guided by the doctrine that an encapsulated
mass compressing adjacent parathyroid tissue defined
an adenoma. This has not proved reliable; some ade-
nomas lack discernable capsules, and some hyperpla-
sias have a nodular nature, compressing surrounding
parathyroid tissue (14,15). Additionally, there may be
considerable variation in the size of the glands in para-
thyroid hyperplasia. The dictum that adenomas can
be distinguished from hyperplastic glands by the pres-
ence of a rim of normal tissue is no longer valid. The
absence of specific histological features to differentiate
adenomas from hyperplasia has led to the use of the
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more practical terms ‘‘single gland’’ or ‘‘multiple gland’’
disease (16).

Double adenomas, though unusual, are real entities,
occurring in 2–8% of patients with primary hyperpara-
thyroidism; they appear more often in patients over
60 years of age and are frequently missed by localizing
procedures (17,18). Although the generally accepted in-
cidence is approximately 2%, Moore et al. (89) found a
frequency of 13% and Tezelman et al. (18) reported a
12% incidence. Overaggressive management, assuming
that this represents an early stage of hyperplasia, can
lead to hypocalcemia. Some authorities maintain that
these are misinterpreted nodular hyperplasia (19). The
surgeon at the operating table, rather than the pathol-
ogist at the microscope, is the best judge of the distinc-
tion between adenomas and hyperplasia. The size of the
gland conforms roughly to the degree of hypercalce-
mia. From the clinical point of view, only one guide
has withstood the test of time: removal of only the en-
larged glands. This approach has produced a high rate
of cure and a very low rate of postoperative hypopara-
thyroidism (20).

When a single enlarged gland is removed, the hyper-
calcemia will be corrected. If more than one gland is
enlarged, removal of the enlarged ones and sparing
those that are small and apparently normal may result
in mild elevation of parathormone, but not clinical hy-
percalcemia. Whether this condition represents asym-
metrical hyperplasia or multiple adenomas has not
been determined. In contrast to primary hyperplasia,
the parathyroid glands in renal failure are uniformly
enlarged.

4.6 Role of Biopsies During Surgery

In spite of frozen section techniques to differentiate
adenomas from hyperplasia based on the assessment
of stromal fat, which is depleted in hyperplastic glands
that may appear normal in size and appearance, this
method has not proved to be of practical help to the
surgeon in the operating room. Stromal fat can be un-
evenly distributed, varies with patient age, and may be
distortedwhen frozen, producing specimens that appear
falsely hyperplasic when biopsied. The irregular distri-
bution of fat and parenchymal cells renders gland
biopsies inadequate as an indicator of function (21).
Although some authors feel that adenomas can be
distinguished from hyperplasia by intraoperative para-
thyroid biopsy, using methods such as saline density or
intracellular lipid stains similar to Sudan black and oil-
red, no histological feature has been found reliable
(22,23). The surgeonmust decide whether a parathyroid

gland is normal, relying on size, shape, color, and the
appearance of the other glands. The pathologist can
only reliably confirm that the specimen is or is not
parathyroid tissue (24). The weight of the resected gland
is the most reliable indication of abnormality.

At our institution the usual frozen section report on
an enlarged gland removed in an exploration for hyper-
parathyroidism is ‘‘enlarged parathyroid gland.’’We do
not biopsy grossly normal parathyroid glands.

4.7 Parathyroid Carcinoma

This condition is rare, occurring in approximately 2%
of cases of hyperparathyroidism. Themalignancy is also
remarkable in that it is usually functional, producing
large amounts of parathormone. Presenting serum cal-

Figure 5 Parathyroid carcinoma. (Top) This tumor pre-
sented as a thyroid mass. The scar formation was suspicious,
though not diagnostic for malignancy. (Bottom) Histological-
ly, the carcinoma is seen invading vascular spaces. Immuno-

histochemistry for parathyroid hormone confirmed this tumor
was of parathyroid origin (hematoxylin and eosin).
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cium levels are often high (>12 mg%). The tumors are
frequently large. The combination of a high PTH level
and a palpable mass raises the suspicion of parathy-
roid carcinoma. The usual parathyroid adenoma is not
palpable.

At surgery the tumor frequently presents a gray or
whitish appearance, with obvious infiltration of adja-
cent tissue. The histological diagnosis cannot be made
without evidence of invasion of adjoining tissue, blood
vessel involvement, or metastases (Fig. 5). Although
mitotic figures are usually present, they are not diag-
nostic; theymay also, on occasion, be seen in adenomas.
The disease progresses slowly; metastases appear late.
Neck node metastases are rare. Widespread systemic
involvement is unusual; the lungs, with a 25% incidence
of involvement, are the most common sites of visceral
involvement.

Although occasionally the carcinoma may be non-
functioning, the patient usually suffers from the
metabolic disturbances of increased parathyroid hor-
mone: hypercalcemia, bone disease, and the other
consequences of uncontrolled hypercalcemia. If the
carcinoma cannot be controlled, complications of hy-
percalcemia are the usual cause of mortality.

5 INDICATION FOR SURGERY

IN PRIMARY HYPERPARATHYROIDISM

The most common cause of elevated serum calcium is
primary hyperparathyroidism due to an adenoma or
four-gland hyperplasia. In 85–90% of patients the
condition is due to a single adenoma. The condition is
more common than previously realized, with an inci-
dence of 1 in 500women and 1 in 2000men every year. In
some patients hyperplasia is the result of genetic con-
ditions such as familial hyperparathyroidism or multi-
ple endocrine neoplasia (MEN I, MEN 2a, but rarely
MEN 2b). In these situations all parathyroid glands are
hyperplastic. Although there are diverse causes of
hypercalcemia, hyperparathyroidism and malignancy
account for 90% of cases. If PTH assays are within
normal limits, other entities must be considered. Endo-
crine disorders such as thyrotoxicosis or acute adrenal
insufficiency can result in hypercalcemia. Malignancy
may elevate serum calcium as a result of bone meta-
stases; metastatic breast cancer accounts for 80% of
these cases. Cancers that involve bone marrow, e.g.,
myeloma, leukemia, lymphoma, may also produce ele-
vation of serum calcium. Excess intake of calcium (e.g.,
milk products), vitamin A, or vitamin D can also be
responsible for hypercalcemia. Granulomatous condi-

tions such as sarcoidosis and tuberculosis must be
excluded. Prolonged immobilization, Paget’s disease,
and intake of certain drugs such as thiazide diuretics
or estrogens must be considered as well.

Some tumors (e.g. lung, renal cancer) secrete a PTH-
like substance that induces hypercalcemia. The intact or
two-site PTH assay is preferred for diagnosis because it
does not crossreact with parathyroid hormone-related
peptides secreted by nonparathyroid cancers (25). The
majority of patients with hyperparathyroidism are now
diagnosed by routine blood chemistries revealing
increased serum calcium and are confirmed by PTH
assays that are exquisitely accurate.

Familial hypocalciuric hypercalcemia, an autosomal
dominant condition with high penetration, must be dif-
ferentiated from primary hyperparathyroidism. Despite
mean calcium levels of 12 mg/dL, these patients do not
suffer from the clinical consequences of hyperparathy-
roidism and do not require surgery. Importantly, serum
parathormone and urine calcium are normal. A family
history of hypercalcemia suggests hypocalcalciuric
hypercalcemia, familial hyperparathyroidism, or a mul-
tiple endocrine neoplasia syndrome; hence the hyper-
calcemia of familial hypocalciuric hypercalcemia must
be distinguished from that of other hereditary condi-
tions. Mean calcium excretion is in the area of 100 mg/
day compared to elevations of 300 mg or more in hy-
perparathyroidism. Calcium to creatinine clearance ra-
tio is less than 0.01 compared to hyperparathyroidism,
where it is greater than 0.1 (26).

Patients with minimal elevations of serum calcium
are now diagnosed at an early stage of primary hyper-
parathyroidism, leading to controversy concerning the
indications for surgical management. A prescient study
by Scholtz and Purnell (27) foretold that hyperparathy-
roidism, even when silent, is a condition with future
serious consequences. In a prospective evaluation of 142
asymptomatic patients with mild elevations in serum
calcium (10.2–11.0 mg/dL), 33 patients (23%) followed
for 10 years required surgery for progressive disease.
This rate increases to 36% if those who died of other
causes, declined follow-up, or could not be traced are
taken into account (27). It was not possible to predict
which patients with asymptomatic hyperparathyroid-
ism would ultimately require surgery. It is interesting
to note that 12 patients who initially presentedwithmild
hypercalcemia could not be demonstrated to have hy-
percalcemia 10 years later.

There is agreement by most authors that surgery
is indicated for asymptomatic patients with serum cal-
cium levels above 11.5–12 mg/dL. Still, a substantial
number of patients with limited elevation of serum cal-
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cium and PTH are ‘‘asymptomatic’’ and are increas-
ingly being considered for surgery. Vague protean
symptoms such as fatigue, back pain, memory loss, de-
pression, polyuria, and polydipsia now invite the diag-
nosis of hyperparathyroidism. Low levels of dopamine,
serotoninin, and norepinephrine derivatives have been
demonstrated in the cerebrospinal fluid of patients who
have parathyroid disease accompanied by neuropsy-
chiatric symptoms. These metabolites return to normal
levels following successful parathyroidectomy. Similar
depressed levels are present in patients with endogenous
depression who do not have parathyroid disease (28). In
a study of reoperation for persistent hyperparathy-
roidism, 37% of patients felt depressed before reopera-
tion; 12% remained depressed after successful surgery
(29).

Many observers believe that true asymptomatic
hyperparathyroidism is rare and that on careful inves-
tigation less than 5% of patients are completely free of
symptoms or related difficulties. After detailed ques-
tioning and investigation, most report some symptom
or problem related to primary hyperparathyroidism,
and in 80% of cases these conditions improve after
successful parathyroidectomy (30–32). More informa-
tion is being acquired. Recent studies demonstrate that
correction of hyperparathyroidism markedly benefits
cancellous bone density in the spine (33). Scandinavian
population-based studies indicate that patients with
untreated hyperparathyroidism have an increased risk
of death, mainly from cardiovascular disease andmalig-
nancy, compared to a control group in the normal
population; the higher the hypercalcemia, the higher
the death rate (34). Another assessment showed that
surgery decreases the risk of premature death (35).

Medical opinion is gradually shifting to the opinion
that patients with proved hyperparathyroidism should
be offered surgical treatment, even though they appear
to be asymptomatic. The disease has an invisible mor-
bidity and mortality.

6 PREOPERATIVE LOCALIZATION

Before localization techniques were available, the suc-
cess rate for the qualified surgeon operating on a patient
diagnosed with hyperparathyroidism was over 95%. It
is still frequently maintained that the next step after
diagnosis is to locate an experienced parathyroid sur-
geon. There are respected authors who advise against
preoperative localization in initial explorations because
of the significant numbers of false positives and nega-
tives, stating that it is not cost effective (36–39). This

view is shared by the 1991NIH consensus statement (40)
(Table 1).

We prefer preoperative localization studies because
they do no harm and often provide valuable informa-
tion; they are essential in unilateral approaches. It is
disheartening when, in order to cut costs, a failed initial
procedure has been performed without testing, and
later, an accessible parathyroid adenoma is identified
by a localization procedure.

All non-invasive imaging procedures are sensitive to
the size of the abnormal gland, offering help in a large
adenoma but little assistance in multiglandular disease,
where it is most needed. Since each noninvasive test is
dependent upon a specific physical or metabolic char-
acteristic of the abnormal parathyroid gland, results are
different for each technique, but the methods may
complement each other. Nevertheless, false positives
are a significant problem and false negatives are not un-
common. No testing method can be relied upon for the
diagnosis and localization of hyperplastic glands or
multiple adenomas. Ultrasound is most useful for
abnormal glands adjacent to or within the thyroid; it
can reveal thyroid pathology that is non-palpable and
unsuspected, enabling treatment at the same time as
parathyroid exploration. Nuclear scanning is more ef-
fective for ectopic locations in the neck or mediastinum.

It is possible to combine the anatomical localization
of CT and MRI with the functional identification of
nuclear imaging. Although the use of a battery of tests
is not cost-effective overall in primary explorations, it
can offer a huge advantage to the patient who has a
mediastinal or deep cervical gland.

6.1 Localization in Secondary Explorations

There is a great difference between the location of
abnormal glands removed on initial exploration and
those removed at reoperation for failed procedures.

Forty percent of abnormal parathyroid glands miss-
ed at initial explorations are found in their usual posi-
tion in relationship to the thyroid at reoperation, casting
a shadow on the experience of the surgeon and raising

Table 1 Cost of Diagnostic Procedures at Mt. Sinai Medical
Center

Ultrasound $200
Sestamibi scan $1206
MRI (with gadolinium) $1700
CT (with gadolinium) $1075

Intraoperative parathormone assay $150 per samplea

a An uncomplicated operation at MSH requires four samples.
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the question of whether localization procedures might
have helped (68).

Mediastinal glands below the level of the thymus are
normally present in from 0.2–2% of cases. (2,3). At
reoperation Shen and associates found 28% missed
glands to be located in this position (mediastinal but
not in the thymus) (29).

Parathyroid glands are normally present in the
retropharyngeal or retroesophageal space in only 1%
of cases (2). However, Brennan et al., at reexploration
for failed initial explorations, found 39% at this loca-
tion (68). Carty and Norton found 72% of missing
superior glands to be in this area on reexploration (69).

Since the majority of parathyroid glands in their
classic locations adjacent to the thyroid are removed
at the initial surgery, the incidence of abnormal para-
thyroid glands at ectopic sites is markedly increased at
reoperation. Hence the increased importance of local-
izing those in uncommon positions, e.g., undescended
inferior glands stranded high in the neck, those adjacent
to or within the carotid sheath, adenomas located in the
paratracheal and paraesophageal areas, intrathyroid
glands, and those within or adjoining the thymus; this
can be critical for the surgeon undertaking a second
exploration. There is virtually universal agreement that
localization procedures are required in patients under-
going reoperation.

6.2 Ultrasound

Ultrasound is cost-effective; it is most useful for locating
adenomas in intrathyroidal or juxtathyroid positions,
but less reliable in patients with concomitant thyroid
disease. It can also reveal unsuspected thyroid pathol-
ogy. There is a wide range in reported sensitivity. In
large measure, accuracy is a reflection of the skill and
experience of the operator. Efficacy is related to the
location and size of the glands; inferior glands and those
adjacent to, or within the thyroid, are more easily rec-
ognized than superior or deep glands (41). A negative
study suggests the possibility of multiple gland disease,
a tumor located posteriorly behind the trachea and
esophagus, or retrosternal in the thymus and medias-
tinum; the latter are difficult to visualize because over-
lying bone or air create their own acoustic shadows.
In this situation nuclear scanning is complementary.
Ultrasound is simple and noninvasive, and the cost is
miniscule in relation to the overall expense of para-
thyroid surgery. It is a good first choice (Table 1).

Intraoperative ultrasound as well as intraoperative
nuclear scanning have been found helpful by some sur-
geons, but they are not in general use. In a recent report

by Jaskowiak et al. (42), intraoperative gamma probe
localization was reported to be particularly valuable in
reoperative surgery for missed parathyroid adenomas,
with dense scarring and obscured anatomy. However,
there are limitations to this method since thyroid ade-
nomas may also retain sestamibi and it is not useful for
multiple gland disease. (see also Chapter 18).

6.3 Computerized Tomography

and Magnetic Resonance

MRI is replacing CT as a diagnostic tool, particularly
in recurrent cases; it is particularly valuable for ectopic
glands because of its increased sensitivity (43). When
employed with gadolinium, sensitivity is further im-
proved (up to 87%) (44) (Fig. 6). MRI is especially
useful in locating superior mediastinal and ectopic ade-
nomas. The similarity of the signal to thyroid and fat
can be overcome by various modifications of the signal
that suppress the image produced by fat (45).

6.4 Nuclear Imaging

Technetium sestamibi scanning has displaced thallium-
technetium subtraction techniques because of its im-
proved resolution and sensitivity (46). The relative
amount of oncocytic cells within an adenoma or hyper-
plasia correlates directly with sestamibi uptake (47).
Poor uptake in hyperplasia and multiple adenomas
are limitations. Sestamibi scanning has the ability to
offer planar anterior and lateral views without the need
for subtraction. Sestamibi-single photon emission com-
puterized tomography (SEPT) offers three-dimensional
images that can visualize the gland in the anterior/pos-
terior plane and can locate adenomas deep in the neck
and in the mediastinum.

Fine needle aspiration can confirm that lesions iden-
tified by imaging studies are indeed parathyroid in
nature. It is documented by cytology, PTH assay, and
immunohistochemical staining for PTH (48).

6.5 Angiography and Venous Sampling

Angiography and venous sampling are reserved for
secondary procedures because of their invasive nature
but can be of great value in this situation. They are ca-
pable of identifying an adenoma in approximately two
thirds of cases, with less than 5% false-positives (49).
Venous sampling offers similar results; for greater ac-
curacy it is usually used in combination with arterio-
graphy. Angiography can also be helpful because it
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facilitates ablation techniques that can treat mediasti-
nal adenomas without operative intervention (50). Since
there is a risk of cerebrovascular complications, these
methods are extremely dependent on user expertise and
experience (51). In experienced hands they can be of
great value.

7 SURGERY FOR PRIMARY

HYPERPARATHYROIDISM

The usual goal in the surgery of hyperparathyroidism is
the removal of a single enlarged gland and identification
of the other normal glands to confirm the diagnosis of
adenoma. This is the most common finding and the gold
standard in treatment.

The recognition and treatment of parathyroid hyper-
plasia offers satisfactory results but is beset by a higher
incidence of persistent and recurrent disease. The sit-
uation becomes difficult when more than one but fewer
than four glands are enlarged. The dilemma of differ-
entiating asymmetrical hyperplasia from multiple ade-
nomas at surgery has not yet been solved.

Experienced surgeons achieve success in 95–97% of
patients. Failure is usually due to inability to locate,
identify, and excise an adenoma or to recognize and
treat multiple gland disease. The main difficulty is the
recognition of multiglandular disease. Removal of a
single adenoma, when it is the etiology of hyperpara-
thyroidism, is curative. Double adenomas, however, are
clinical realities, although there is controversy differ-
entiating this condition from hyperplasia (83).

8 RENAL FAILURE (SECONDARY

HYPERPARATHYROIDISM)

Continuing renal failure stimulates hyperplasia of the
parathyroid glands. With kidney failure, an insufficient
amount of the active form of vitamin D (calcitriol) is
produced by the kidneys; deceased absorption of cal-
cium ensues. Hypocalcemia stimulates the parathyroids
to increase the production of PTH, resulting in hyper-
plasia of all glands. The total weight and degree of
enlargement is proportional to the duration and degree
of functional renal impairment (52). Lower serum cal-
cium and higher serum phosphate levels follow. This
eventuates in ‘‘secondary’’ hyperparathyroidism with
progressive bone disease that can be symptomatic and
severe and is reflected in elevated alkaline phosphatase
and serum PTH levels. A serum calcium-phosphate
product of more than 70–75, despite limitation of
phosphate intake, confirms the presence of serious
disease. The hypercalcemia can usually be controlled
by medical means, but when these measures fail, oper-
ative intervention is indicated for continuing vascular
and extraskeletal calcifications, severe intractable pru-
ritis, or progressive bone disease that does not respond
to medical therapy or dialysis.

9 SURGERY FOR PARATHYROID

HYPERPLASIA

Parathyroid hyperplasia constitutes a diverse group of
conditions, which may be sporadic, familial, the result

Figure 6 Diagnosis of parathyroid adenoma: MRI with gadolinium. (A) Axial T1-weighted MR image shows a low signal
intensity, ovoid mass in the left tracheoesophageal groove. (B) Axial T2-weightedMR image shows the mass to have homogeneous

high signal intensity that enhances after gadolinium contrast administration, confirming that this is a parathyroid adenoma.
(Courtesy of Dr. Peter Som, Mount Sinai School of Medicine.)
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ofMEN syndromes, or the consequence of renal failure.
Fifteen to 20% of sporadic hyperparathyroidism and
80% of familial hyperparathyroidism is due to mul-
tiglandular hyperplasic disease; the hypercalcemia of
multiple endocrine neoplasia is invariably due to hyper-
plastic disease. The goal in the surgical management
of hyperplasia is more difficult than that of adenoma
because all parathyroid glands must be identified and a
sufficient amount of parathyroid tissue must be pre-
served to sustain normocalcemia. Renal failure stim-
ulates all parathyroid tissue and is characterized by
enlargement of all glands, whereas in sporadic or fam-
ilial hyperplasia enlargementmay be varied and uneven.
A scrupulous search for all the parathyroid glands is the
most important part of the operation. The most com-
mon cause of persistent or recurrent hyperparathyroid-
ism after surgery for hyperplasia is an undiscovered
gland in the neck or the anterior mediastinum (53).
Since the presence of only three glands is rare, occurring
in only 3% of patients, if four glands are not found in
their usual positions, it is wise to assume that there is an
ectopic fourth gland and to conduct a thorough search.
The search includes exploration and resection of nodal
and fatty tissue from the lower poles of the thyroid to
the manubrium of the sternum, and if a fourth gland
is not found, thymectomy through the cervical incision
is indicated.

The majority of patients have four parathyroid
glands but supernumary glands are present in about
13% of individuals (2). They are frequently located in
the upper mediastinum in association with the thy-
mus. Failure to find these glands frequently accounts
for the persistence of hypercalcemia after surgery for
hyperplasia.

Adenomas and hyperplasia are different conditions.
Recurrence after removal of a single adenoma occurs in
less than 5% of patients, but persistent or recurrent
hyperparathyroidism occurs in 20–44% of patients
with familial hyperparathyroidism (54,55). Differing
approaches to the surgery of hyperplasia are in use,
each with their proponents.

9.1 Subtotal Parathyroidectomy

Oliver Cope was the first to observe that that hyper-
parathyroidism could result from either single adeno-
mas or multiglandular disease. He recommended the
resection of adenomas and subtotal parathyroidectomy
for multiple gland disease (1). This method consists of
resection of 31⁄2 parathyroid glands and preservation, in
situ, of approximately 50 mg of the fourth, with its
blood supply intact. The preserved remnant is marked

with a vascular clip so that it can be identified if
reexploration is required. It is essential that this rem-
nant remain viable. A prudent approach is to divide the
gland to be left in situ early in the procedure and observe
it carefully. If it becomes devascularized during the
course of the surgery, another parathyroid can still be
used. This avoids the discouraging experience of com-
pleting the gland excisions and finding that the only
remaining half gland is not viable. Thymectomy should
be included with the procedure.

Parathyroid tissue should be cryopreserved for
future use, if needed.

9.2 Total Parathyroidectomy

and Autotransplantation

Since its introduction by Wells in 1973, total parathy-
roidectomy with autotransplantation of 50 mg of para-
thyroid tissue to the forearm has been the choice of
many surgeons (56). The advantage is that the risk of
devasculaization of the parathyroid remnant in subtotal
resection is eliminated. Easy access to the forearm under
local anesthesia is available should hypercalcemia per-
sist or recur, rather than a more difficult reexploration
of the neck.

The disadvantage of autotransplation is the possi-
bility of the loss of all parathyroid function should the
graft fail. It is critical, therefore, that the remaining
parathyroid tissue at the time of excisional surgery be
cryopreserved for future use in the event of graft fail-
ure. Reimplantantation of cryopreserved tissue is not
as successful as immediate grafting of fresh tissue. As
many as 92% of fresh autotransplanted grafts will
function, whereas only two thirds of transplanted cryo-
preserved grafts succeed (57). Graft viability can be
conveniently monitored by comparing PTH levels from
the transplanted arm to that of the opposite side. Vas-
cular ingrowth and function develops in 10–20 days
(61). A PTH gradient of 1.5–2.0 or greater between the
grafted and nongrafted forearm is evidence of graft
function (57). Prolonged calcium and vitamin D sup-
plementation (4–8 weeks ormore) is required in patients
who undergo total parathyroidectomy and autotrans-
plantation.

Although hyperfunction of the graft may develop,
producing nodularity or a palpable mass at the forearm
transplant site, a partial reexcision can easily be per-
formed under local anesthesia.

Others have not experienced equally beneficial re-
sults. Feldman et al. (58), in an NIH follow-up study of
46 autografts (20 immediate and 26 cryopreserved) with
a mean follow-up of 35 months, found that 33% of
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grafts were fully functional (normocalcemic with no
medication) and 20%were partially functional (normo-
calcemic on calcium alone). Forty percent of patients
derived no benefit from the procedure. The authors cite
other studies, including the original reports from the
NIH, showing similar results. There was no difference
between the use of fresh or cryopreserved tissue. In
their opinion, these findings justify a 3 1/2 gland resection
rather than 4-gland parathyroidectomy and autotrans-
plantation for parathyroid hyperplasia (58).

Authors who prefer total parathyroid resection and
forearm autotransplant rather than subtotal 3 1/2 gland
resection refer to reports of high rates of persistent or
recurrent hypercalcemia in patients with familial disease
and the more difficult access to the gland remnant in
the neck.

Controversy persists over the choice of total para-
thyroidectomy with forearm transplantation versus 31⁄2
gland resection for parathyroid hyperplasia, with no
clear conclusion. Advocates of subtotal parathyroidec-
tomy point out that it eliminates the period of tempo-
rary hypocalcemia in the postoperative period and refer
to a 5% risk of permanent hypocalcemia in total para-
thyroidectomy with auto transplantation (59). They
note that preserved cryografts function in only 60% of
patients (58,60). There is no clear evidence that one
method is superior to the other. Statistics can support
either approach. Respected authorities disagree: Wells
et al. (61) prefer total parathyroidectomy and forearm
transplant, whereas Kraimps and Barbier (62) endorses
31⁄2 gland resection; both report good results. Either
technique should include transcervical thymectomy and
removal of nodal and fatty tissue in the central neck
compartment above the sternum to insure the removal
of ectopic or supernumery parathyroid glands. In addi-
tion, it is essential that parathyroid tissue be cryo-
preserved for future use in the event of postoperative
hypoparathyroidism (63).

9.3 Technique of Autotransplantation

Grafting can be facilitated by cooling the gland in a
bath of iced saline for 20–30 minutes until it becomes
firm and easier to handle. Forty or 50 mg (the weight
of a normal gland) is then minced into 1 � 2 mm
segments and transplanting in groups of three to four
segments each, into the brachioradialis muscle of the
forearm. The muscle is carefully spread apart in the
direction of its fibers by a curved clamp, and pockets
are created to receive the fragments. Each packet of
fragments is placed into a separate area of the muscle.
Care is needed to avoid hemorrhage, since accumu-

lation of blood would not permit the fragments to
adhere to the adjacent muscle, preventing vasculari-
zation of the grafts. Three to five fragments are in-
serted into each of these pockets and the overlying
fascia is approximated. Transplantation into the ster-
nomastoid muscle is performed in a similar manner
(Fig. 7).

10 CONSERVATIVE VERSUS AGGRESSIVE

APPROACH TO MULTIPLE

ENLARGED GLANDS

Hyperfunction of endocrine glands is almost always
accompanied by hyperplasia, hypertrophy, and gland
enlargement. Parathyroid hyperplasia is usually associ-
ated with the enlargement four glands. If two enlarged
glands are present, the surgeonmust decide whether this
represents a double adenoma or an uneven early devel-
opment of hyperplasia that requires more aggressive
treatment. Biopsy is not helpful in this situation because
there are no absolute criteria to differentiate adenomas
from hyperplastic glands. Furthermore, the excessive
use of biopsies may damage the parathyroids, resulting
in postoperative hypocalcemia.

Frozen section canonly confirm that a suspectednod-
ule is parathyroid tissue rather than a lymph node, fat,
or thymus. It is much less reliable than an experienced
surgeon in differentiating adenoma from hyperplasia
(64). The decision must be made on clinical grounds.

Our approach to parathyroid surgery is to remove
only the enlarged glands and to avoid parathyroid biop-
sies. This practice has been demonstrated to be the

Figure 7 Forearm transplantation of the parathyroid gland.
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most successful with the least risk. In a classic report,
Edis et al. (65) reported a prospective study comparing
the removal of only enlarged glands with that of a more
‘‘liberal’’ aggressive approach. In 50 patients the ‘‘lib-
eral’’ approach included frequent removal of two
glands, resection of 3 1/2 glands when more than one
gland was enlarged, and extensive use of biopsy identi-
fication. This resulted in symptomatic hypocalcemia in
24% of patients. In another group of 50 patients the
‘‘conservative’’ approach of removing only enlarged
glands resulted in a 2% incidence of symptomatic hy-
percalcemia. The cure rate was identical. The value of
a conservative approach was validated (65). Using the
conservative approach for the management of adeno-
mas, a success rate of over 95% can be expected. Re-
current or persistent hypercalcemia is usually the result
of failure to locate an abnormal gland or to discern
multiple gland disease. Wideranging dissection and the
removal of more parathyroid tissue than required is
frequently associated with postoperative hypocalcemia.

11 OPERATIVE TECHNIQUE

The careful surgeon will be more successful. Hemostasis
must be scrupulous; blood will interfere with the visual-
ization of normal or abnormal parathyroids and will
prevent the surgeon from observing the nuances of color
and texture that help differentiate fat, thyroid nodules,
lymph nodes, and thymus from normal or abnormal
parathyroid glands.

A transverse neck incision is made. Flaps are devel-
oped cephelad and caudad just beneath the platysma.
The strap muscles are separated in the midline. If addi-
tional exposure is needed, the medial third of the ster-
nohyoid muscles are divided transversely near their
insertions and retracted laterally. After carefully ele-
vating and separating the sternothyroid muscles from
the thyroid gland, they can be completely or partially
divided in a transverse manner (a cautery knife may
be useful for this). This offers excellent access to the
thyroid and parathyroid glands (see Chapter 6). The
initial operative approach is similar to that for thyroid
surgery.

Halsted and Evans, using vascular cast injections,
demonstrated that the inferior thyroid arteries are the
main blood supply of the inferior as well as the supe-
rior parathyroid glands, although the superior thyroid
artery contributes in about 10% of cases. They also
found that the glands were supplied by a single deli-
cate end artery and that there were no capsular col-
laterals; they stressed that tetany was more likely from

interference with circulation than excision of the para-
thyroid glands (66). It is critical, therefore, not to dis-
turb normal glands. Tracking the branches of the
inferior arteries may lead the surgeon to a gland in
an abnormal location. Shen et al. (67) reported that
90% of parathyroid tumors found at reoperation were
removed through the neck, even though 26% of these
were located in the mediastinum. Cervical excision
was feasible because the usual blood supply of inferior
parathyroid glands, even those located in the medi-
astinum, is from the inferior thyroid arteries. When
glands are located lower in the mediastinum and
supplied by thymic branches of the internal mammary
artery, a sternal splitting incision is usually required.

Though a normal parathyroid is difficult to feel, one
that is enlarged, firm, or misshaped by tumor can some-
times be identified by palpation.Gentle explorationwith
a finger downward along the tracheoesophageal groove,
the retrotracheal and retroesophageal areas, and the
superior mediastinum can be rewarding (Fig. 2A). This
is the location of 30–70 % of ectopic superior para-
thyroid glands that are missed at initial surgery and
found on reoperation (68,69).

12 STEPS IN PARATHYROID

EXPLORATION

The search for the parathyroids begins by seeking
them in their normal position. A quick look for
all four glands is more rewarding than an exhaus-
tive search of each location before proceeding to
the next.

Division of the middle thyroid vein is required to
facilitate rotation of the thyroid lobe.

The thyroid lobe can be rotated medially to search
for an enlarged inferior gland. It is often neces-
sary to divide the superior thyroid vessels to ade-
quately inspect the normal position of the superior
parathyroid gland.

Locate all normal glands, and then begin the search
for a missing gland. Symmetry of position is often
helpful. If all four glands cannot be found, the
next step is to repeat the search, carefully return-
ing to the usual locations. The usual position of a
missing gland is within 1 or 2 cm of its normal
location. This is where 30–50% of missing glands
are found on reexploration of failed initial pro-
cedures (68).

A quick inspection of the upper mediastinal area
may uncover a missing lower gland adjacent to or
within the thymus, frequently within the ligaments

Schwartz256



that descend from the lower poles of the thyroid
lobes to the thymus at the thoracic inlet (thyro-
thymic ligaments). Twenty-six to 39% of normal
lower parathyroid glands are found in this loca-
tion (2,3).

If no obvious enlarged gland is discovered, the area
inferior to the thyroid should be cleared, and the
portion of the thymus accessible through the neck
should be resected. Thymectomy is especially im-
portant in the management of hyperplasia; a 5th
parathyroid occurs in approximately 13% of pa-
tients, usually in this location.

Look for a missing superior parathyroid inferior
to the inferior glands. It may have descended
downward into the posterior mediastinum and
be discovered by exploring the parapharyngeal,
paralaryngeal, and retrotracheal areas visually
and by palpation. One percent of normal parathy-
roid glands are situated in the posterior superior
mediastinum, but on reexploration after initial
failure, 30–40% of missing glands are discovered
in this location (67–69). Open the carotid sheath
completely for evaluation. Explore up to and be-
yond the carotid bifurcation. Palpation alone will
miss even enlarged glands within the sheath.

Amissing inferior glandmay be found superior to the
superior glands. It may be located adjacent to the
carotid vessels or in the parapharyngeal area, as
high as the base of the skull. This would represent
an ‘‘undescended parathyroid’’ (4) (Fig. 2B).

If the missing abnormal parathyroid gland cannot be
found, a thyroid lobectomy on the side of the
missing gland is undertaken. The gland may be
located within the thyroid lobe or, more usually,
folded into a recess that cannot be identified on
gross examination. This accounts for perhaps 1–
2% of abnormally situated parathyroid glands.
When present it may represent a true intrathyroid
superior gland that has been trapped between the
median and lateral lobe of the thyroid, since the
superior parathyroid and the lateral portion of
the thyroid share a common origin from the fourth
branchial pouch.

If an adenoma cannot be found, mediastinal explo-
ration through a sternal split is not undertaken at
the initial operation. A period of observation and
further diagnostic tests are indicated. In addition,
the neck exploration may have devascularized the
adenoma.

Valuable guidance for parathyroid exploration is
available in the literature. As is frequently the case, the

most useful lessons are those learned from failure. Shen
and colleagues (67), in a report on 102 reoperations for
persistent or recurrent hyperparathyroidism, which
roughly parallels the experience of others, found the
most common reasons for failure at the original sur-
gery were ectopic locations of tumors (53%), incom-
plete resection of multiple abnormal glands (37%),
and adenomas missed in their normal locations (7%)
(though most others report 40–50%). Of the ectopic
glands, 28% were paraesophageal, 26% were in the
mediastinum (but not in the thymus), 24% intrathy-
mic, 11% intrathyroidal, 9% in the carotid sheath, and
2% undescended in the high neck. Eighty-three per-
cent were accessible through a cervical incision.

13 COMPLICATIONS OF SURGERY

13.1 Hypocalcemia

Resection of a parathyroid adenoma or hyperplastic
glands is followed by a decline in the serum calcium
level, usually within 6 hours and progressing up to 48
hours or more after surgery. This does not require
treatment unless symptoms develop. The most vulner-
able patients are those with bone disease from long-
standing calcium depletion. In the classic case of
Captain Charles Martell, tetany resulted when normal
parathyroid glands had been removed in six previous
operations and a mediastinal adenoma—the patient’s
only source of parathormone—was discovered and
resected (1). Muscle cramps, paresthesias, perioral
numbness, tingling of the fingertips or hands, muscle
spasms, and carpopedal spasm are characteristic symp-
toms of hypocalcemia that may occur postoperatively.
Chvostek’s sign (tapping the parotid area to demon-
strate facial spasm as the result of seventh nerve hyper-
activity) is a useful test for early hypocalcemia, but is
positive in a small percentage of normal individuals.
Trousseau’s sign, or carpopedal spasm, which can be
demonstrated when a blood pressure cuff is inflated
between systolic and diastolic pressure, is evidence of
severe hypocalcemic. Untreated hypocalcemia can
result in tetany with lethal consequences as the result
of convulsions, stridor, or respiratory arrest.

Although transient hypocalcemia is common after
parathyroid surgery, it is rarely permanent. In 379 pa-
tients surgically treated at the Mayo Clinic for primary
hyperparathyroidism, the incidence of permanent hy-
pocalcemia was 0.3% (70).

The practice of routine preoperative prophylaxis
with oral calcium and calcitriol has been advocated
and is reported to markedly decrease the incidence of
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postoperative symptomatic hypocalcemia (71). Mild
hypocalcemia that is asymptomatic or transient does
not require treatment. Serum calcium should be checked
every 8–12 hours until it is stable at 8 mg/dL or the pa-
tient is asymptomatic. Ionized calcium levels are a
more accurate measure of the physiological calcium
level, though more expensive. Serum calcium is lowered
by 0.8 mg for each decrease of 1.0 g in serum albumen.
Symptomatic hypocalcemia, depending on the severity,
requires oral or intravenous calcium replacement. Cal-
citriol, the active fraction of vitamin D needed for
the absorption and metabolism of calcium, should also
be provided. Acute symptoms of hypocalcemia require
intravenous calcium: 1–2 ampules of calcium gluconate
in 10% solution can be administered as a drip in 250mL
of isotonic saline every 8 hours, as needed.

Oral maintainence of serum calcium can be provided
with Os-Cal 500k: (500 mg elemental calcium as cal-
cium carbonate), or Tumsk, which offers the same
amount of elemental calcium in the form of calcium
carbonate at one-third the price. Two to 5 g of calcium
per day can be given.

Vitamin D [1,25-(OH)2D3] is supplied as calcitriol
(Rocaltrolk) 0.25–0.5 Ag one to four times per day. This
should be regulated to conform to serum calcium levels.

Hypomagnesemia may account for persistent hypo-
calcemia that is refractory to calcium and vitamin D.
In this situation parenteral magnesium replacement
will contribute to a normal serum calcium (72).

13.2 Recurrent Nerve Injury

In 379 patients surgically treated at the Mayo Clinic for
primary hyperparathyroidism, the operative mortality
was 0.3%, and the incidence of persistent vocal cord
paralysis was 0.8% (70). Although some surgeons ad-
vise dissecting the recurrent nerve as a routine, many
feel that it is not necessary for a primary uncomplicated
exploration. If the searchbecomes difficult, however, it is
good judgment to identify the nerve. Secondary opera-
tions require exposure of the nerve because of the in-
creased risk of injury. Patow reported a 6.6% incidence
of vocal cord paralysis in 163 patients undergoing para-
thyroid reoperation (73).

13.3 Postoperative Hemorrhage

Bleeding into the closed space of the neck is always
serious because it may herald respiratory obstruction.
Dressings should be minimal so that the wound can
be observed. Any sign of increasing swelling in the

neck requires immediate opening of the wound to
relieve pressure.

14 MINIMALLY INVASIVE SURGERY

Although the traditional approach to parathyroid
exploration by an experienced surgeon offers a 95%
or greater prospect of success, the advent of new tech-
niques has encouraged surgeons to perform more fo-
cused and less invasive operations, exploring the neck
unilaterally through small incisions and using local
anesthesia with intravenous sedation. Most notable
has been the availability of quick intraoperative para-
thormone levels (QPTH) and sestamibi-SPECT (single
proton emission computerized tomography) scanning,
which offers three-dimensional reconstruction. In a
study of 303 patients operated upon for hyperparathy-
roidism, a solitary tumor was identified in 105 cases by
ultrasonography and confirmed to be at the same site by
technetium 99m-sestamibi scanning; at surgery the
tests proved accurate in 101 of 105 patients (96%) (83).
At present, the combination of improved localization
techniques and biochemical confirmation of success
offers great promise for minimal access surgery.

The benchmark of parathyroid surgery has been
the visualization of all parathyroid glands at surgery,
using the criteria of appearance, size, color, and con-
figuration to determine which to remove. This method
has proven extremely effective and has yielded excel-
lent results.

The availability of a rapid PTH assay, introduced in
1988 by Wang, has taken parathyroid surgery to a new
level of quantifiable accuracy, making it possible to
establish ‘‘biochemical proof of cure’’ while the patient
is still on the operating table (74). Although this method
is a valuable adjunct in standard parathyroidectomy, it
constitutes the anchor for limited exploration (74,75).
The half-life of intact PTH has been calculated to be 3.3
minutes for adenomas and 7.1 minutes after subtotal
parathyroidectomy for multiglandular disease (76). The
assay can be performed in 15–20 minutes. A drop by
50% in the venous PTH, 10 minutes after excision of an
adenoma is considered the measure of success. In multi-
glandular disease, failure of the PTH assay to fall within
10 minutes is an indication that abnormal tissue re-
mains; some authors advise that a drop of 70% in 10–20
minutes is a preferred benchmark. The assay is also an
indicator of success in the treatment of multiglandular
disease because if additional abnormal tissue remains,
it will not fall within 10 minutes (89). Sensitivity is re-
ported to be 94–97%, with specificity of 100% (77). Al-
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though some surgeons convert to a bilateral exploration
if the PTH does not fall after the first sample, other
authors wait for a repeat sample before undertaking this
change in procedure (89). At our institution a base
sample is taken, another after identification of the para-
thyroid and just prior to its excision (manipulation
sample), followed by samples at 10 and 20 minutes
postresection (Fig. 8).

The enduring benefit of this assay is not a smaller skin
incision or the saving of operative time; it is the intra-
operative confirmation that the hypercalcemia has been
corrected. This assurance was not previously possible,
even after exhaustive exploration.

The other pillar sustaining limited access surgery is
the continuing improvement of localization techniques.
Ultrasound, more useful in the neck, and sestamibi
scanning, which can sometimes identify mediastinal
glands or those in ectopic sites, have a mutual comple-

mentary benefit; each has an advantages where the other
is weak. They constitute the most useful preoperative
workup at this time.

15 BENEFITS OF UNILATERAL SURGERY

Decreased operating time is cited as a benefit of uni-
lateral explorations. It resulted in a mean saving of 23
minutes in operating time as compared to bilateral ex-
ploration in a series of 371 patients undergoing sur-
gery for sporadic hyperparathyroidism (69 unilateral,
92 bilateral) (78). Most authors report similar results
or better.

These studies do not take into consideration the time
spent when local anesthesia has to be converted to
general anesthesia or time lost when unilateral proce-
dures have to be converted to bilateral explorations. In

Figure 8 The essential measure of success is a decrease in PTH level by 50% within 10–20 minutes after resection, although
some authors use different sampling times. Note that the level of hormone is highest just prior to excision, the result of a surge of

hormone released during manipulation of the gland. Serum parathyroid hormone levels during resection of a parathyroid
adenoma. (Courtesy of Dr. Edward Diamond, Mount Sinai School of Medicine.)
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this situation operating time is increased; there is a 30-
minute wait to find out that the PTH level has not
dropped, and then an additional loss of time when
abnormal tissue is removed from the opposite side and
a repeat assay is performed (89). The fact that unilateral
explorations are performed on selected patients con-
tributes substantially to the reduction in operative time.

Local or regional anesthesia in limited access para-
thyroid surgery is said to improve the postoperative
course, reduce postoperative pain, and facilitate early
hospital discharge. This is not easy to quantify. Local
anesthesia is not new; it was employed by Dr. Felix
Mandl in performing the first successful parathyroidec-
tomy on the streetcar conductor Albert Ghane for
severe bone disease in Vienna in 1925 (79). It can also
be employed for bilateral neck exploration with or with-
out sestamibi scanning; Lo Gerfo reported a series of
236 such patients who underwent bilateral neck explo-
rations for hyperparathyroidism under local anesthe-
sia; the cure rate was 98%, and the average operating
time was 43 minutes for patients who had parathyroid
procedures alone and 66 minutes in those who had
thyroid procedures in addition. One recurrent nerve
was excised because of concomitant thyroid cancer;
no others were injured. Overall, 70% of patients were
discharged within 6 hours (80).

Most unilateral explorations are scheduled as out-
patient procedures, in contrast to bilateral exploration
patients, who are usually observed overnight, thereby
increasing cost. This is a discretionary decision; it is pos-
sible to perform many bilateral explorations as outpa-
tient procedures or ‘‘23-hour admissions.’’ Indeed, some
institutions perform thyroidectomy on an outpatient
basis, although the author does not recommend it (81).

Bilateral exploration can be performed through a 4–
5 cm incision. Unilateral limited access surgery requires
only half this length, although some may require en-
largement. Amore substantial benefit is that if contrala-
teral reoperation is required later, it can be approached
through an undisturbed clean field, removing the hazard
of dissecting a recurrent nerve and parathyroid glands
whose positions may be distorted by scarring.

Decreased morbidity is sometimes cited as a benefit
of unilateral exploration. This is problematic. Persistent
vocal cord paralysis occurred in 0.8% of 384 consecu-
tive patients who had bilateral open exploration at the
Mayo Clinic (82). Arici and associates report that in
2000 cases they have never observed a recurrent nerve
injury in a patient having an initial open parathyroid
operation without other procedures (83). Recurrent
nerve injuries occur in minimal access explorations
(84,85). There are reports of significant numbers of

patients explored unilaterally without any incidence of
nerve damage, but the fact that these are single side
procedures in previously unexplored patients must be
considered. It seems unreasonable that the risk for
recurrent nerve injury would be less in unilateral limited
access surgery than in bilateral open surgery, when the
identical operation is performed through a smaller
incision with less exposure.

Cost-effectiveness is difficult to evaluate. It depends
on the use or omission of preoperative scanning, the use
of intraoperative parathormone assays requiring a dedi-
cated machine and technician in the operating room,
whether frozen section examinations are employed, and
if general or local anesthesia is employed. The greatest
saving is from avoiding overnight admissions; this can
be duplicated in the bilateral open approach.

16 SURGICAL TECHNIQUE

The surgical approach can be through the midline,
retracting or transecting the strap muscles, dividing
the middle thyroid vein, and rotating the thyroid medi-
ally to expose the parathyroid locations. This method is
most suitable for inferior glands.

We prefer a lateral approach that is useful for inferior
glands and especially so for superior glands; it is partic-
ularly valuable when there is midline scarring from
previous neck procedures. The sternomastoid and strap

Figure 9 An enlarged inferior parathyroid gland and the
presence of a normal superior gland suggest an inferior para-

thyroid adenoma. Lateral approach to the parathyroid glands.
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muscles are retracted in opposite directions. Division of
the strap muscles or the omohyoid may help to increase
exposure, offering excellent access to the thyroid and the
usual locations of the parathyroids (Fig. 9).

17 LIMITATIONS OF MINIMAL

ACCESS SURGERY

Results of unilateral parathyroid exploration are
restricted by the intrinsic rate of 15% or more of multi-
glandular disease as well as the limitations of preoper-
ative localization methods. Proye et al., in a review of
918 bilateral neck explorations, reported a 19.7% inci-
dence of multiglandular disease (86). The best non-
invasive studies have sensitivities of only 80%, often
missing multiglandular disease and ectopic glands (89).
Although sestamibi scans can localize up to 90% of
adenomas, they cannot be relied upon to identify multi-
ple gland disease or hyperplasia (87). In an effort to
extend the envelope of unilateral exploration when
preoperative scanning and sonograms are negative,
some authors advocate a bilateral jugular fine needle
aspiration on the operating table to determine whether
there is a step up in hormone level on either side (88). An
85% success rate can theoretically be achieved by
unilateral exploration, but these problems make 70%
a more reasonable expectation (89).

In 15–30% of cases, unilateral explorations have to
be converted into traditional open bilateral explorations
because of difficulty in locating adenomas or problems
in managing hyperplasia (89). The surgeon who under-
takes this approach must be prepared to handle this
possibility.

Limited access surgery is an evolving concept. Future
development of reliable methods of identifying abnor-
mal parathyroid glands, particularly in multiple gland
disease and those beyond the range of cervical incisions,
will be the pathway to an expanding use of this method.
The combination of ultrasound and 99m sestamibi
scanning is the choice of most surgeons at this time.

At present the unilateral approach is most useful
for selected cases: single gland disease accurately
located preoperatively and conveniently available
through a neck incision. When ultrasonography and
SPECT-sestamibi scans identify the same solitary para-
thyroid tumor, the success rate is virtually the same as
that of bilateral surgery, justifying a focused approach
in such patients (83).

Patients whose localization studies are negative or
who demonstrate more than one lesion on preoperative
localizations studies, those with parathyroid hyperpla-

sia that is sporadic or related to familial disease or renal
failure, and individuals who have coexistent thyroid
pathology that may require surgical intervention are
best managed by bilateral exploration.

18 ENDOSCOPIC APPROACH

In 1994 Prinz et al. (90) reported the endoscopic removal
of mediastinal parathyroid tumors. Four patients with
failed neck explorations were found to have mediastinal
parathyroid glands on localization studies. Through
three ports placed in left intercostal spaces, the glands
were successfully removed.

In 1995 Wei et al. (91) reported the successful endo-
scopic removal of a 1.6 g adenoma in a patient who
had three failed neck explorations and later had an
anterior mediastinal gland located by Tc99m sestamibi
radionuclide scan. Subxiphoid and suprasternal ports
were used to dissect the thymus and pleura from the
sternum; the heart and great vessels fell posteriorly, the
adenoma was removed, and the patient became normo-
calcemic.

Gagner, who successfully treated a patient with fa-
milial hyperplasia in 1996, introduced endoscopic re-
moval of parathyroid glands in the neck (92).

Although the indications for endoscopic parathy-
roidectomy have yet to been defined, it is hoped that
the removal of mediastinal adenomas by mediastinos-
copy and endoscopy will become the management of
choice, sparing patients a sternal splitting incision.

19 FUTURE OF LIMITED

ACCESS SURGERY

New techniques in localization and surgical approach
are developing rapidly and are embraced with enthusi-
asm; further innovations can be expected. Time and
experience will be required to evaluate and refine the
benefits and limitations of these evolving methods and
establish their place in parathyroid surgery (93).

A recent study of 80 patients with primary hyper-
parathyroidism and a single abnormal parathyroid
gland (identified by sestamibi scans or ultrasound),
compared bilateral and focal explorations. Although
all patients became normocalcemic, those having bilat-
eral explorations had a 15% higher rate of multiple
parathyroid tumors, suggesting that some histologically
abnormal parathyroid glands do not function or that
there may be recurrences in the focal explorations (94).

Other concepts may develop. A new small molecule
therapeutic (Cinacalcet), developed by Amgen, is in
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phase 3 clinical trials. This orally active compound
specifically binds and modulates the calcium-sensing
receptors on the surface of the parathyroid gland,
decreasing secretion of parathormone. If successful, this
may alter the approach to hyperparathyroidism, partic-
ularly to borderline disease and the hypercalcemia of
end-stage renal disease (95).
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1 INTRODUCTION

The truism that the best opportunity to cure a patient
with a surgical disease is at the initial operation is
particularly self-evident in the treatment of primary
hyperparathyroidism. The initial operative procedure
in experienced hands is successful in at least 95% of
cases and is associated with negligible potential mor-
bidity and the great satisfaction of knowing that
surgical cure will persist in the vast majority of in-
stances (1). Reoperative surgery following a failed
initial operation, or for recurrence following a more
prolonged period of normocalcemia, presents far
more formidable challenges for the surgeon. Indeed,
the first patient treated surgically in the United States,
Captain Charles Martell, a sea captain in the mer-
chant marines with severe debilitating skeletal seque-
lae from primary hyperparathyroidism, had six unsuc-
cessful cervical procedures that included excision of
two normal parathyroid glands in search of a para-
thyroid adenoma beginning in 1926 (2). Finally, at
the captain’s urging, a sternotomy in 1933 allowed the
successful identification of a mediastinal parathyroid
adenoma.

The initial operation for primary hyperparathy-
roidism in the previously unoperated neck is performed
through normal anatomical planes. In recent years

efforts have been made to even further minimize the
dissection and expedite the surgery through a variety of
adjunctive preoperative and intraoperative measures.
Advocates of such approaches employing preoperative
scintigraphy, intraoperative gamma probe–guided sur-
gery, and rapid parathormone assays emphasize the
reduction in size of incisions and surgical fields, and the
use of regional-local anesthesia with the patient often
treated on an ambulatory basis. This certainly contrasts
with more extensive reoperative procedures through
expanding surgical fields, often following more exten-
sive preoperative localization, in efforts to optimize
the chance of success and minimize the greater poten-
tial morbidity. These technical challenges, increased
logistical considerations and expense, and the greater
risk of failure make it imperative that the first oper-
ation be performed with as much attention as possible
to optimizing the chance of success. It must be appre-
ciated however, that any attempt to limit the extent
and expense of the primary procedure will be insig-
nificant if there is persistent or recurrent disease and a
subsequent, more challenging procedure is required.
Even with the appropriate recognition of the impor-
tance of a successful initial surgical procedure, failures
or recurrences will continue to occur as the frequency
of diagnosing and surgically treating primary hyper-
parathyroidism increases.
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2 REASONS FOR PERSISTENT OR

RECURRENT PRIMARY

HYPER-PARATHYROIDISM

FOLLOWING SURGICAL TREATMENT

The distinction between persistent or recurrent hyper-
parathyroidism is not always clear. Unless the diagnosis
of primary hyperparathyroidism is in error, persistent
hypercalcemia must be viewed as a failure of primary
surgery (3,4). Recurrence of hypercalcemia after a
period of normocalcemia, often defined as 6 months
or longer, is less clearly a result of failure of the initial
operation than is persistent hypercalcemia (5,6). In
some instances a period of normocalcemia may in fact
mask persistent hyperparathyroidism due to postoper-
ative ischemic changes being superimposed on retained
abnormal parathyroid tissue. This may occur even after
a pathological gland has been removed and the patient
presumably cured as a result of ischemia to retained
multiglandular disease. Nevertheless, persistent hyper-
calcemia is the most common presentation following
failure of the initial procedure. The causes are more
varied than those instances of recurrent hyperparathy-
roidism where abnormal parathyroid tissue has been
removed, but after a period of time additional hyper-
plastic tissue may proliferate and lead to the further
clinical and biochemical manifestations of excess para-
thyroid hormone production. A review of the poten-
tial causes for persistent or recurrent hypercalcemia is
therefore essential in planning a reoperative surgical
approach. The causes are listed in Table 1.

Inappropriate surgery because of an incorrect diag-
nosis of primary hyperparathyroidism should be elim-
inated by the increasing specificity of immunoradio-
metric assays of intact parathyroid hormone. Hyper-
calcemia due to other diseases (sarcoidosis, multiple
myeloma, skeletal metastases, and paraneoplastic syn-
dromes) as well as medications (hypervitaminosis D,
thiazide diuretics, lithium) should not only be readily
apparent by clinical criteria but certainly distinguish-

able by double antibody assays (7). These assays should
also enable the accurate diagnosis of primary hyper-
parathyroidism in those rare instances when it coexists
with other pathologic and therapeutic entities that cause
hypercalcemia.

Benign familial hypocalciuric hypercalcemia is a rare
disease that may present a legitimate diagnostic
dilemma (8). The hypercalcemia is frequently seen early
in life, and the disease is characterized by both hyper-
calcemia and hypocalciuria. While the parathyroid
hormone level is usually normal, it has been reported
as being elevated in several instances, leading to obvious
confusion with primary hyperparathyroidism. When
surgical failure for hyperparathyroidism results, this
rare condition should be considered if family screening
reveals other members with hypercalcemia, as the dis-
ease is an autosomal dominant disorder with a high
degree of penetrance (9). If suspected, it should be
carefully sought, as reoperation will obviously again
be met with failure.

3 INDICATIONS FOR TREATMENT OF

PERSISTENT OR RECURRENT PRIMARY

HYPERPARATHYROIDISM

The challenges of reoperative parathyroid surgery make
the need for establishing clear indications for embarking
on another attempt particularly important. What might
be a clear indication for initial surgery might be viewed
as less compelling in the reoperative setting. In general,
indications for reoperative surgery should be the same
as for the initial operation, particularly if an analysis of
the prior procedure, as well as localizing efforts, indicate
a high possibility of success. However, borderline or
mild hypercalcemia in a patient with no clear signs and
symptoms following an ordered, extensive, and compe-
tent effort at initial surgery make the indications for
surgery less secure, and surveillance may be more
prudent. Indications for surgery that may have been a

Table 1 Reasons for Persistent or Recurrent Hypercalcemia Following Surgery for Primary Hyperparathyroidism

1. Diagnostic error leading to inappropriate surgery

2. Inexperience of the surgeon as evidenced by the the presence of an abnormal parathyroid gland or glands in predictable
normal locations at reoperation

3. Failure to recognize multiple or supernumerary gland disease

4. Failure to identify ectopically located abnormal parathyroid glands
5. Failure to recognize the potential pitfalls of localization procedures, as well as intraoperative parathyroid hormone assays and

frozen sections leading to inadequate reduction of abnormal parathyroid tissue

6. Scattering and retention of abnormal parathyroid tissue leading to parathyromatosis or recurrent growth of malignant
parathyroid tissue following resection of parathyroid carcinoma
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source of controversy before the primary operative
treatment become even more so before a reoperative
procedure. Morbidity that may have resulted from the
initial procedure, such as recurrent laryngeal nerve
injury and vocal cord paralysis, or the histologically
confirmed ablation of remaining normal parathyroid
glands, thereby raising the risk of permanent hypopara-
thyroidism, as well as medical comorbidities that
present an anesthesia risk, may make the need for
reoperation less compelling unless the biochemical and
clinical indications are significant.

In the early period following an initial failed explo-
ration, a trial of observation may be appropriate to
allow any devascularization or transient ischemia to
hypercellular parathyroid tissue to reverse or alterna-
tively to determine whether it fails to revascularize,
thereby resulting in a persistent state of normocalcemia
(10). Furthermore, reassessment of the extent of hyper-
parathyroidism biochemically after several months can
better enable the indications for reoperation to be
assessed and provide a more reliable baseline if per-
formed. While indications for the primary surgical
treatment of hyperparathyroidism may be quite liberal
for patients without overt clinical manifestations, sev-
eral investigators have endorsed the monitoring of
patients not meeting criteria that include calcium levels
of 11.5 mg/dL or greater and reduced cortical bone
density to demonstrate if there is stability of mild
hypercalcemia and a benign clinical course over pro-
longed periods of observation (11). These considera-
tions must also be evaluated along with an assessment
of the thoroughness of the initial surgical procedure
and whether attempts at localization yield positive
findings before arriving at a decision for reoperation.
Furthermore, an overzealous initial failed procedure, in
which multiple normal parathyroid glands were excised
or devascularized, may position the surgeon of the
reoperative procedure to render a patient permanently
hypoparathyroid if the offending single adenoma is
successfully ablated.

4 ASSESSING THE INITIAL OPERATION

The success of the initial procedure may reflect the
inexperience of the surgeon if a single adenoma was
not found in a normal location. Inexperience may also
be reflected by a failure to systematically map normal
glands in normal locations in an effort to direct the
initial exploration to the potential ectopic site of a single
adenoma. However, despite efforts at preoperative
localization prior to the primary surgical procedure,

failures may occur even in experienced hands due to
both a failure to detect abnormal glands in ectopic sites
at the initial procedure, despite an ordered search, and
the inadequacies of available localizing techniques to
detect ectopic or multiglandular disease, as discussed in
prior chapters. The common ectopic locations have
been well described and documented. They are more
common in the neck, particularly if one includes the
upper mediastinum accessible from a cervical approach,
than they are in thoracic locations that require a thora-
cic surgical approach. The most common sites of abnor-
mal glands at reoperation in numerous reported series
vary, but a majority of ectopic locations have been
confirmed to be in the neck, particularly if the thymus,
accessible from a cervical approach, is included. In
addition to the thymic tongue, the cervical locations
include the para- and retrotracheal and para- and
retroesophageal spaces, subcapsular and intrathyroidal
sites, sites within the carotid sheath, and those above the
thyroid lobe, including those resulting from failure of
descent of a parathyroid gland from its point of embryo-
logical origin. Mediastinal sites account for less than
half of ectopically located glands with distributions in
most series equally divided between anterior and supe-
rior-posterior locations (12–17).

The most common cause of a failed primary pro-
cedure after the undetected single adenoma is the
inadequate appreciation and identification of multi-
glandular disease in patients with sporadic hyperpara-
thyroidism as well as in those with familial disease and
multiple endocrine neoplasias (18–22). Even with the
identification of all parathyroid glands at surgery,
asymmetrical enlargements may mislead the surgeon
into presuming that the largest gland is the unifocal
source of hyperparathyroidism. Slightly enlarged
glands, however, even if smaller than a significantly
enlarged one, may also be responsible for contributing
to the patient’s hyperparathyroidism and, if not
ablated, may result in surgical failure. We reported on
four patients with marked asymmetry of two enlarged
glands in which failure to excise the smaller gland led to
persistent or recurrent hyperparathyroidism cured by
excision of the initially retained, slightly enlarged gland
at reoperation (20). Double adenomas have been docu-
mented and are not uncommonly diagnosed at reoper-
ation following the initial excision of a presumed single
adenoma (23). Certainly the inadequacy of localizing
procedures to identify multiglandular disease is well
recognized, and this can further mislead the primary
surgeon (17,22–25). The intraoperative quick parathy-
roid hormone assay may compensate for this by indi-
cating that an enlarged gland, when excised, fails to
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result in a significant enough reduction in parathyroid
hormone levels (generally>50%) from baseline values.
Four-gland hyperplasia as well may present with sig-
nificant asymmetry leading to inadequate extirpation of
hypercellular tissue. This may be particularly true in
multiple endocrine neoplasia (MEN) patients and those
with familial hyperparathyroidism (18). Another cause
of failure may be the dispersion of parathyroid tissue
at initial surgery leading to parathyromatosis, the
hyperplastic implanted fragments becoming vascular-
ized and viable in the initial surgical field (26). In
addition, local recurrence is common with parathyroid
carcinoma, leading to recurrent hyperparathyroidism
(27). Furthermore, a rare hypercellular supernumerary
gland may be the cause of persistent or recurrent hyper-
parathyroidism (28), even with thorough identification
of four parathyroid glands and excision of a presumed
single adenoma, as reported by the author (20) and by
Harness and associates (19) in a review of patients with
multiple adenomas.

Presently limited explorations augmented by either
technetium 99m–sestamibi scintigraphy and guided
gamma probe–directed dissections, as well as intraoper-
ative quick parathyroid hormone assay monitoring to
confirm the adequacy of resection, have replaced the
more traditional bilateral exploration to identify all
cervical parathyroid tissue in many centers. Conversely,
in the face of multiglandular disease, bilateral explora-
tion including the thymic tongue to detect supernum-
erary glands is advisable. An appreciation of the various
pitfalls of primary surgery is therefore essential for a
surgeon assessing a patient for reoperation. If the
reoperative surgeon performed the initial unsuccessful
procedure, these considerations can be evaluated more
clearly than by the surgeon who is called upon to assess
the first procedure that he or she did not perform. In
such instances the surgeon most often has to rely on the
description of the procedure as detailed in the operative
report and by available pathology reports and slides. If
no abnormal parathyroid tissue was removed, then a
critical assessment of the adequacy of the initial proce-
dure, paying attention to the usual locations of para-
thyroid tissue as well as any ectopic sites, must be
evaluated. If a single large parathyroid gland was
histologically confirmed to be hypercellular and consis-
tent with an adenoma, then considerationmust focus on
the possibility that multiglandular disease was under-
appreciated (29). Here, too, a careful review of the ex-
tent of exploration, as well as any additional measures
that were taken to augment the procedure, must be
considered. Likewise, if parathyroid tissue was excised
but not histologically hypercellular on subsequent

review, then the responsible parathyroid gland or glands
have been overlooked.

Questions that must be asked by the surgeon evalu-
ating the patient with persistent or recurrent hyper-
parathyroidism vary depending on the circumstances,
but most often include the following: Were all para-
thyroid glands identified? If no abnormal parathyroid
gland was excised, how many normal glands were
identified, and where were they located? If an abnormal
gland was not identified, were all ectopic sites searched,
including the intrathymic, retroesophageal, carotid
sheath, intrathyroidal, and suprathyroid locations? It
must be appreciated, however, that the reported identi-
fication of normal parathyroid glands may not be
reliable and their misidentification attributable to
lymph nodes or stained fat globules. Perhaps more
importantly, if persistent or recurrent disease follows
what is reportedly the removal of abnormal parathyroid
tissue, the histology should be reviewed to optimally
confirm if indeed the tissue removed was parathyroid
and, if so, whether it was hypercellular or even malig-
nant. Finally, a decision must be made as to the appro-
priateness and extent of localizing procedures. This may
be a particularly important component of the funda-
mental decision regarding surgery and the subsequent
surgical approach. Even without a clear decision as to
the appropriateness of reoperative surgery, and faced
with an understandable unwillingness of the patient to
undergo a second attempt at surgical treatment after a
failed initial attempt, successful localization may pro-
vide an appropriate incentive for the patient and a more
confident strategy for the surgeon. Even if surgery is not
pursued, non-operative attempts at parathyroid abla-
tion may be pursued in selected cases if localization is
successful. Most importantly, localization, if successful,
can indicate whether the pathology should be sought in
the neck or the mediastinum. If localization is to a cer-
vical location, it can further direct the surgeon to the
most expeditious approach through what may have
been a previously explored and potentially scarred sur-
gical field.

5 LOCALIZATION FOLLOWING

FAILED INITIAL SURGERY

Traditional surgical doctrine tended to discount the
value of preoperative localization for primary surgical
procedures. Refinements in localizing techniques and
recent interest in more limited approaches to surgery
have led to a reassessment of the value of localization.
When faced with the prospect of reoperation, however,
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there is a consensus that efforts at localization are
clearly indicated (10,13,14,30–32). The presence of scar
in the operative field from prior surgery, often a proce-
dure that was more extensive and prolonged due to
failure to locate the offending pathology, makes the
ability to preoperatively localize the site of possible
abnormal parathyroid tissue self-recommending. Fur-
thermore, successful preoperative localization of an
intrathoracic parathyroid adenoma is obviously inval-
uable. If successful, localization can help the surgeon
navigate through difficult and scarred tissue planes,
whichmay further decrease the risk ofmorbidity. Local-
ization studies may also assist in indicating the potential
for intraoperative adjuncts to surgery, including ultra-
sonography- and gamma probe–directed procedures,
and may even offer the opportunity to use nonoperative
approaches at parathyroid ablation. The available tech-
niques include technetium 99m–sestamibi scanning,
ultrasonography, magnetic resonance imaging (MRI),
computed tomography (CT) scanning, selective venous
catheterization for intact parathyroid hormone, and
angiography.

6 NONINVASIVE LOCALIZING STUDIES

6.1 Technetium 99m–Sestamibi Scanning

Technetium 99m–sestamibi scintigraphy with single
photon emission computed tomography (SPECT)
imaging has emerged as the localizing procedure with
the greatest sensitivity and specificity in the preoperative
evaluation of the primary surgical procedure (33,34).
However, there are pitfalls in the overutilization of this
modality, most commonly due to false-negative studies
in patients withmultiple gland disease and false-positive
studies in patients with nodular thyroid disease (17,24).
In the reoperative setting a positive sestamibi scan,
particularly if corroborated with sonography, and in
conjunction with additional information from the pri-
mary procedure, may be of great usefulness in localizing
the source of persistent or recurrent hyperparathyroid-
ism. In addition, a positive scan offers the opportunity
to utilize a gamma probe for intraoperative localization,
an adjunct to surgery that may be particularly helpful
in a scarred surgical field where the opportunities for
dissection along traditional surgical planes may be lim-
ited (35). Certainly an advantage of technetium 99m–
sestamibi scanning with SPECT imaging as reported
from its use in primary procedures is the ability to image
both anterior and lateral views, which may be partic-
ularly helpful in planning the operative approach (36–
38). Technetium 99m–sestamibi scintigraphy also pro-

vides the possibility of identifying ectopic mediastinal
tumors (15,33,39). In a report by Thompson and asso-
ciates (17) on its efficacy in the reoperative setting,
sensitivity and accuracy rates were reported as 82%
and 67%, respectively, with higher doses of the radio-
nuclide in the later cases increasing the sensitivity to
90%. Shen and associates (15) reported a sensitivity of
77% and, importantly, found it equally accurate for
both tumors in normal as well as ectopic sites.

6.2 Ultrasonography

High-resolution (10 MHz) real-time ultrasonography
represents the second common modality for preoper-
ative localization and is complimentary to technetium
99m–sestamibi scintigraphy, corroborating positive
studies, and often detecting missed, enlarged cervical
parathyroid glands. It may also lead to the suspicion of
an intrathyroidal parathyroid adenoma if a dominant
finding is present in an otherwise normal thyroid gland,
particularly with positive uptake on the sestamibi study
(40–42). Thompson and associates (17) reported an
accuracy rate of 65% and a sensitivity of 75% for
ultrasonography in the reoperative setting. Shen and
associates (15) reported a sensitivity of 57% in the
reoperative setting, confirming the accuracy of ultra-
sonography for identifying enlarged glands adjacent to
or within the thyroid as well as its limitations for
ectopic and mediastinal lesions. Ultrasonography has
particular utility within the soft tissues of the neck but
is limited in its ability to detect parathyroid abnormal-
ities behind the air-filled trachea, particularly in the
retroesophageal midline location overlying the verte-
bra, and near or behind the upper sternum or clavicles
(14,43–45). When there is concordance between the
technetium 99m–sestamibi scan and the sonogram,
there is a greater confidence in an accurate and precise
localization of a missed abnormal parathyroid gland
(14). Some investigators have advocated fine needle
aspiration by sonographic guidance to confirm a pre-
operative diagnosis. The aspirate can be used for con-
firmatory cytology or for a bioassay for parathyroid
hormone (PTH) (17,46–48).

6.3 Magnetic Resonance Imaging

MRI, like CT scanning, is most often reserved as a
second echelon localizing procedure when technetium
99m–sestamibi scintigraphy and ultrasonography fail
to identify an abnormal parathyroid gland or glands or
when there is discordance between those studies
(14,49,50) A positive sestamibi scan with increased
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uptake in locations where the accuracy of ultrasonog-
raphy is limited, such as behind the trachea or close to
bony structures, if corroborated with MRI, may pro-
vide greater confidence for a focused procedure that
corroboration by ultrasonography might ordinarily
provide in other locations. In the report of Shen and
associates (15) on 23 patients having reoperative sur-
gery for whom sestamibi scanning, ultrasonography,
and MRI were utilized, all abnormal glands were
identified in 87% of cases, leading to the recommenda-
tion that all three studies be used in evaluation prior to
reoperative surgery.

6.4 Computed Tomography

CT scans, like MRI, are most often utilized when
scintigraphy and ultrasonography fail to demonstrate
an abnormal parathyroid gland, or where scintigraphy
alone has been positive and the accuracy of sonogra-
phy is compromised. The accuracy of the CT scan is
comparable to that of MRI, but MRI has achieved a
position of preference over CT scanning because of the
lower rate of false-positive results reported in most se-
ries and a greater ability to image the infrathyroid re-
gion due to the shoulder artifact that may often be
present with CT scanning (10,25,49).

7 INVASIVE LOCALIZING PROCEDURES

When technetium 99m–sestamibi scintigraphy, ultra-
sonography, MRI, and/or CT scanning fail to identify
any abnormal parathyroid gland, or when the results of
the localizing procedures are equivocal or discordant,
more aggressive radiological localization attempts are
justified. The differential diagnostic considerations for
the surgeon remain even more compelling in the reoper-
ative setting when noninvasive attempts at localization
associated with sensitivity rates exceeding 50% have
failed. These diagnostic issues remain not only single
versus multiple gland disease, an ectopic versus a nor-
mal anatomical site or sites for the abnormal gland or
glands, supernumerary gland disease, right versus left
neck for single gland cervical disease, a cervical versus
an intrathoracic location, but, perhaps most signifi-
cantly, whether reoperative surgery is indicated when
the chance of success is compromised or extensive
dissection required. This last consideration hinges as
well on a review of the previous procedure, as will be
discussed, but can obviously be influenced significantly
by a predictive localizing procedure. The two invasive
radiological techniques are angiography and selective
venous sampling for intact PTH.

It is reasonable to initiate the invasive radiological
work-up with selective angiography of the vessels of
the neck and mediastinum. Angiography is capable of
demonstrating a vascular blush that is ovoid or spheri-
cal consistent with an adenoma (Fig. 1), but even in
the absence of a definite parathyroid enlargement,
abnormal venous drainage patterns can be appreciated
on delayed angiographic views, particularly in the
previously explored neck, that result in shifts or dis-
tortion of venous anatomy (25,50–56). Defining such
changes can assist the radiologist in sampling venous
drainage sites and identifying their specific locations.
Angiographic examination includes selective catheter-
ization of the thyrocervical trunks for glands in lower
cervical sites, the carotid arteries and superior thyroid
arteries for upper cervical sites, and the internal mam-
mary arteries for thymic and anterior mediastinal sites.
Accuracy rates of 60% have been reported, but the
experiences in the reoperative setting are limited and
highly selected (57).

Venous catheterization is performed through a fem-
oral vein with sampling of the superior, middle, and
inferior thyroid veins when present, and the internal
jugular vein, which is of particular importance when
smaller venous drainage sites have been disrupted by
prior surgery. The thymic and vertebral veins, if possi-
ble, are sampled as well. Intact PTH assays are obtained

Figure 1 Selective angiogram of the left internal mammary

(lateral view) demonstrating a hypervascular mass from a
branch off the left internal mammary artery in a 37-year-old
man with persistent hypercalcemia following excision of a

cervical parathyroid adenoma and histological confirmation
of three additional normal parathyroid glands. A median
sternotomy revealed a second parathyroid adenoma in a su-
pernumerary gland. Excision resulted in normocalcemia that

has persisted for over 10 years following resection.
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and then compared to a baseline value established from
a femoral vein sample, and any gradients determined as
they relate to the neck versus the chest or the right versus
the left neck along with any greater degree of anatomic
specificity that can be suggested. For example, an upper
versus a lower neck gradient might be suggestive of an
undescended parathyroid adenoma. In series of selected
patients, selective (14,15,25,58,59) venous catheteriza-
tion has shown variable success rates. A series of 86
patients from the National Insititutes of Health (NIH)
having selective venous catheterization prior to surgery,
as reported by Sugg and associates (56), demonstrated
a sensitivity of 88%.

8 NONOPERATIVE APPROACHES TO

PERSISTENT OR RECURRENT

HYPERTHYROIDISM

The patient with a clearly localized single adenoma,
particularly in the mediastinum, is faced with the choice
of whether to have surgery to extirpate the gland or an
attempt at nonoperative ablation. For most patients,
the decision favors surgery. Surgical extirpation is
definitive, histologically confirmed, and provides tissue
for cryopreservation and autotransplantation in se-
lected instances. However, in the high-risk patient with
significant medical comorbidities, or in those unwilling
to have reoperative surgery after failed attempts, two
nonoperative techniques are available: embolization of
an angiographically defined adenoma or alcohol injec-
tion of a sonographically defined adenoma in the neck.
Experience with each of these techniques has been
limited. Certainly angiographic ablation of a mediasti-
nal adenoma that is not accessible through a cervical
incision would be appealing to many patients. Even
with the availability of thoroscopy, which may enable
surgery to be more limited and acceptable to patients,
angiographic ablation is an alternative for any patient
at significant high risk for anesthesia or for those
resistant to another surgical procedure. High-pressure
delivery of ionic contrast material into the vessel sup-
plying the angiographically identified adenoma is per-
formed to destroy the gland. Successful ablation has
been achieved in limited series in fewer than half of
patients (39,60).

Alcohol ablation has been detailed by Harmon and
associates (61) in a series of 36 patients whose indica-
tions included medical comorbidities, the technical risks
from complications of previous procedures, or patient
preference. Optimally, enlarged parathyroid glands are
confirmed by fine needle aspiration with cytology and/
or PTH assay. Ultrasound-guided injection (from one

to three, depending on the estimated volume of the
sonographically visualized gland) of 95% ethanol is
performed. While 33% of patients remain normocalce-
mic, partial ablation was the goal in many who had been
operated on previously for multigland disease and were
left with a possible single intact enlarged gland, making
the risk of hypoparathyroidism significant if complete
ablation were achieved.

Nonoperative approaches must be carefully weighed
against the advantages of surgery. This has limited the
use of angiographic ablation or percutaneous sono-
graphically controlled alcohol ablation to very high-
risk patients and those insistent on a nonoperative
attempt, particularly as results to date indicate a very
real risk of recurrence following initial normocalcemia.

9 SURGERY FOR PERSISTENT

OR RECURRENT

HYPERPARATHYROIDISM

For the great majority of patients, surgery represents
the treatment of choice for persistent or recurrent dis-
ease (17,62–66). The operative approaches are varied
depending on a careful review of the previous operative
report and the pathology, the success of preoperative
localization, the likelihood of single versus multiglan-
dular disease, the risk of anesthesia, and the availability
of ancillary techniques including the intraoperative
quick PTH assay, gamma probe–directed surgery for
those patients with scintigraphically localized findings,
and intraoperative ultrasonography for those patients
with sonographically localized findings.

9.1 Patients for Whom Localization Procedures

Indicate a Positive Unifocal Lateral

Cervical Location

In patients in which two preoperative localizing proce-
dures are concordant in demonstrating a unifocal
enlarged parathyroid gland or a single localizing proce-
dure is strongly positive for such a finding, particularly
if review of previous operative and pathology reports
indicate the removal or identification of parathyroid
glands in other locations, a selective and focused latero-
cervical approach is appropriate (13,17,67). The pre-
vious cervical incision and subplatysmal planes are
reentered and flaps elevated. Instead of attention being
directed to the midline, the anterior border of the
sternocleidomastoid muscle on the localized side of
the neck lateral to the strap muscles is identified. The
deeper structures are then approached by dissecting
and entering the plane anterior to the sternocleido-
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mastoid muscle and retracting the jugulo-carotid struc-
tures laterally. The omohyoid muscle may be retracted
laterally and superiorly or divided to allow optimal ex-
posure. Dissection may then be carried toward the thy-
roid gland through planes that may have developed
little scarring from previous surgery. Entering this plane
allows identification of the recurrent laryngeal nerve,
exploration of the parathyroidal region adjacent to the
trachea and esophagus, and excision of a gland local-
ized on preoperative studies. The presence of an esoph-
ageal probe further facilitates orientation and enables
careful and safe access to the retroesophageal region.
This approach also allows access to the posterior supe-
rior mediastinum, which can be digitally explored along
the prevertebral space, a site associated with a signifi-
cant incidence of missed descended superior parathy-
roid adenomas. The posterior thyroid region may be
explored, as can the extent of the carotid sheath. These
are all areas in which preoperative localization studies
suggested a laterally located enlarged parathyroid
gland. If these maneuvers fail to reveal an enlarged
gland, contralateral exploration may be carried out in a
similar manner.

The use of preoperative technetium 99m–sestamibi
scintigraphy with SPECT imaging has also created an
opportunity for the use of gamma probe–directed sur-
gery when the scan is positive (35,68,69). Gamma
probe–directed surgery has been used extensively for
sentinel lymphadenectomy for both malignant mela-
noma and breast cancer, and may be used to augment
selective, limited surgical approaches to parathyroid
adenomas. Technetium 99m–sestamibi is given at least
2 hours prior to surgery, which is facilitated by a hand-
held gamma probe equipped with a collimator for
directed, shielded identification of radioactivity without
background interference from intrathoracic structures.
The role of gamma–probe directed surgery in the reop-
erative setting has not been evaluated extensively, but
certainly is recommendable to augment surgical explo-
ration, particularly where extensive scarring is predicted
by assessment of previous surgery and a positive pre-
operative radionuclide localization study strongly sug-
gests single gland disease.

9.2 Equivocal or Negative Localization and

Review of Prior Surgery Suggestive of

Failure to Identify any Parathyroid Tissue

When localizing studies have failed to identify an
abnormal parathyroid gland but selective venous cath-
eterization reveals a gradient favoring the neck, and one
side in particular, exploration through an anterior

cervical approach would seem prudent. The previous
incision is extended laterally on both sides over the
borders of the sternocleidomastoid muscle. If initial
attempts at anterior midline mobilization of the strap
muscles reveal extensive scarring, a lateral approach
anterior to the sternocleidomastoid muscle can be per-
formed as previously described on the side favored by
the venous catheterization data or, in the absence of any
lateralizing gradient, by the surgeon’s preference. The
midline approach does provide greater access to ante-
rior dissection inferiorly towards the thymus, a com-
mon site for ectopically located glands and certainly a
high priority when localizing procedures have not spe-
cifically identified the site of abnormal parathyroid
tissue. Alternatively, if the plane anterior to the sterno-
cleidomastoid muscles has been entered, the strap
muscles may be divided inferior to the lower pole of
the thyroid to allow access to the anterior-superior me-
diastinum. With both approaches, the thymus may be
delivered by progressive dissection and careful upward
traction. Laterally, dissection may be carried along the
carotid sheath as high as the angle of the mandible,
particularly when an undescended parathymic parathy-
roid gland is suspected (70–72). Thyroid lobectomymay
be appropriate when other sites have failed, particularly
if only a single unidentified parathyroid gland remains
after bilateral exploration (73,74).

The routine use of intraoperative ultrasonography
using a 10 mHz transducer has been particularly rec-
ommended for the identification of intrathyroidal para-
thyroid adenomas and may facilitate excision of the
gland without a concomitant thyroid lobectomy. It has
demonstrated utility as well in identifying glands in the
intrathymic, paraesophageal, and carotid sheath loca-
tions (13,75).

9.3 Equivocal or Negative Localization

Procedures with a Review of Previous

Records Suggestive of Possible

Multiple Gland Disease

In instances in which review of the previous operative
reports and pathology indicates that a hypercellular
parathyroid gland or glands have been removed, or
when the surgeon for the reoperative procedure also
performed the initial operation and can confirm this
firsthand, the possibility of multiglandular disease must
be considered. The extent of surgery will be dictated by
previous findings, but reentering the previous transverse
cervical incision and extending it laterally if needed on
each side is appropriate. An exploration for all remain-
ing parathyroid tissue as well as possible supernumer-
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ary parathyroid glands, particularly in the thymus,must
be considered. In these situations as well, the use of the
intraoperative quick PTH assay (QPTH) provides an
appropriate adjunct and is particularly recommended
(76–80). The QPTH may be performed in the operating
room at the initiation of the procedure and then at
appropriate intervals (generally every 10 minutes) after
extirpation of abnormal parathyroid tissue. The assay
has a 10-minute turnaround time, and a drop of 50% or
greater has been reportedly associated with surgical
cure, although several investigators have cautioned that
a greater fall from baseline in the range of 70% is
recommended for multiglandular disease. Data from
Gauger and associates (81) on the use of intraoperative
PTH monitoring in patients with double parathyroid
adenoma had a false-positive rate of 55% if it relied on a
50% or greater fall below baseline value. For multi-
glandular disease, therefore, PTH monitoring must be
used in the context of all available preoperative and
localizing information.

When neck reexploration fails, the most significant
issue is whether to follow through with a sternotomy at
the same procedure. Indeed, this issue should be raised
with the patient and appropriate consent obtained if this
is planned should the cervical attempt fail. However,
most investigators feel that a sternotomy should be
limited only to those instances where localization pro-
cedures indicate a mediastinal enlarged parathyroid
gland not retrievable through a cervical incision.

The patients with persistent or recurrent hyperpara-
thyroidism with familial hyperparathyroidism or mul-
tiple endocrine neoplasia syndromes MENI or IIa pre-
sent special challenges. Familial hyperparathyroidism
in the absence of multiple endocrinopathy is rare, but
hyperplasia of all parathyroid tissue in such instances
is common (82). In patients with a MEN syndrome,
the hyperparathyroidism is uniformly the result of hy-
perplasia but the gland size may be asymmetrical (83).
Supernumerary glands that are hyperplastic at initial
surgery, as well as ectopic parathyroid rests in cervical
and mediastinal locations that become hyperplastic,
have been reported (84–86). I have performed three
procedures following an initial recurrence of hyper-
parathyroidism after a primary procedure by another
surgeon over a 20-year period of time for recurrent hy-
perparathyroidism in a patient with familial hyperpara-
thyroidism. In each instance the patient was rendered
normocalcemic only to recur despite histologically con-
firmed extirpation to date of six hyperplastic parathy-
roid glands from normal locations as well as within
the carotid sheath and thymus. The fourth procedure
was performed with gamma probe–assisted localization

of a scintigraphically identified gland within the carotid
sheath. She is presently mildly hypercalcemic.

The role of cryopreservation and autotransplanta-
tion of hyperplastic parathyroid tissue is particularly
relevant in patients with multiglandular disease having
reoperative surgery. The extent of prior resection, or the
degree to which other parathyroid glands may have
been rendered ischemic, is often uncertain. If multigland
disease is clearly at issue, cryopreservation of resected
glands after histological confirmation using a fragment
of each gland is appropriate (87). More controversial is
the issue of immediate autotransplantation. The advan-
tage over cryopreservation for potential subsequent
autotransplantation is the more predictable success
rate for immediately autografted tissue compared to
cryopreserved tissue (83,88). However, the frequency of
supernumerary glands and recurrent hyperparathy-
roidism compel many to follow a policy of biochemical
observation. Cryopreservation of a portion of resected
tissue is therefore appropriate in reoperative cases, and
particularly so in the patient with multiglandular dis-
ease or in those instances where prior operative infor-
mation indicates the resection of multiple glands, which
may then place the patient at risk of hypoparathyroid-
ism following resection of adenomas or hyperplastic
glands at reoperation. In the reoperative setting and
faced with possible multiglandular disease, the QPTH
would appear to be a most useful adjunct to titrate
biochemical response to parathyroid resection (89,90).

9.4 Preoperative Localization Suggestive

of Mediastinal Parathyroid Adenoma

In those instances where preoperative localization indi-
cates a mediastinal parathyroid adenoma, those in the
upper mediastinum can be approached initially through
a cervical incision (91–93). Where this is not likely,
approaches include limited sternotomy, thorascopic
excision, or anterior mediastinotomy (Chamberlain
parasternal approach) (94,95) (Fig. 2). The appropriate
approach will be dependent upon careful consideration
of the localizing procedures and the depth of the lesion
in the mediastinum. When precise localization has not
been achieved, and only selective venous catheterization
demonstrates a gradient strongly favoring an intra-
thoracic location, a limited sternal splitting procedure
is indicated if an attempt at retrieval through the neck is
unsuccessful. Partial sternotomy to a transverse in-
verted T incision at the third intercostal space allows
excellent access of the superior anterior mediastinum. A
total sternotomy may be required in selected instances.
Precise localization, however, can allow a more limited
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Figure 2 A technetium-99m–sestamibi scan demonstrated marked uptake in the chest in this 78-year-old woman with
hyperparathyroidism on early chest (a), transverse (b), and sagittal (c) views. On CT scan (d) a nodule was noted adjacent to the

aortic arch. A parathyroid adenoma was excised (e) through a limited anterior parasternal incision (Chamberlain approach).
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parasternal approach. More recently, video-assisted
thoracoscopy has successfully allowed excision of
mediastinal parathyroid adenomas that were precisely
localized preoperatively (96,97).

Special considerations apply to the patient treated
for parathyroid cancer or likely to have parathyroma-
tosis. Patients who had previous treatment for para-
thyroid carcinoma may develop recurrent disease in the
neck. Localizing studies in patients with recurrent
parathyroid carcinoma may be helpful but do not
detect all foci of disease (27). In patients with familial
histories of hyperparathyroidism as well as with MEN
syndromes, prior procedures may lead to the implanta-
tion of hyperplastic parathyroid tissue in the surgical
field. Meticulous assessment of the prior surgery, a
more extensive use of localizing procedures, and more
complete and thorough explorations may be required
to ablate hyperplastic parathyroid tissue in this situa-
tion, and once again, the intraoperative QPTH may
have particular efficacy.

10 SUCCESS AND MORBIDITY

Results of large series (Table 2) from centers that have
acquired significant experiences with reoperative cases
indicate a success rate in the 80–90% range. In the
largest series of 222 patients from the NIH, as detailed
by Jaskowiak and associates (16), a success rate of 97%
was reported. A more significant rate of permanent hy-
poparathyroidism clearly resulted from these proce-
dures than from primary operations. The NIH series
reported a rate of 12%, Thompson and associates 13%
(17), and Shen and associates 1% (15). Vocal cord paral-
ysis rates in the 5% range have been reported, certainly

higher than primary operations, where this complica-
tion is rare (98). Certainly the cost of reoperative sur-
gery is more significant (99). All of these considerations
make attention to detail especially important for re-
operative cases. Most importantly, the challenges of
reoperative cases provide compelling incentives for as
thorough, expeditious, and successful an approach to
the initial procedure as possible (100–102).
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Parathyroid Carcinoma
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1 DEFINITION

Parathyroid carcinoma (PC) is a rare, malignant neo-
plasm of the parathyroid glands that causes parathyroid
hormone–dependent hypercalcemia. The distinction
between primary hyperparathyroidism due to the com-
mon parathyroid adenoma and the rare parathyroid
carcinoma is rarely made on clinical grounds. Parathy-
roid carcinoma may be identified during surgery, but
the diagnosis is made only after careful histopatholog-
ical examination of the resected specimen or at recur-
rence months or years following resection. A diagnosis
of parathyroid carcinoma is made with certainty by the
demonstration of direct invasion of adjacent tissues,
synchronous or metachronous cervical lymph node, or
distant metastases.

2 EPIDEMIOLOGY

2.1 Incidence and Prevalence

Parathyroid carcinoma is rare; the true incidence of this
disease in the general population is unknown. It repre-
sents 1% of cases of primary hyperparathyroidism in
the United States and up to 5% of cases in published
series from Japan and Italy (2–4). Fewer than 300 cases
of parathyroid carcinoma were reported in the English
literature prior to 1992, and an additional 100 cases
have been reported in 16 published papers since 1992
(5). The largest series of parathyroid carcinoma pub-

lished to date documents 286 cases of parathyroid
cancer registered over a 10-year period in the National
Cancer Data Base in the United States, representing
0.005% of all cases in this registry (Fig. 1) (6).

2.2 Demographic Features

The female-to-male ratio is 1:1 for parathyroid carcino-
ma. This is in sharp contrast to the female preponde-
rence (3–4:1) observed in primary hyperparathyroidism
due to sporadic benign parathyroid adenomas. The
mean age of presentation of parathyroid carcinoma
in most series is between 48 and 53 years, nearly a
decade lower than the average age at presentation of
benign parathyroid adenoma (Table 1). It has been
reported in children less than 15 years of age (6–8).
There is no racial predilection. It is unclear whether the
higher incidence of parathyroid carcinoma in series
of from Japan and Italy reflects true ethnic differ-
ences in disease susceptibility or differences in diagnos-
tic criteria.

3 RISK FACTORS

3.1 Environmental

Environmental risk factors for parathyroid carcinoma
are unknown. Reports of parathyroid carcinoma devel-
oping in patients with a history of head and neck irra-
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diation support a role for ionizing radiation–induced
genetic mutations in this disease (9,10).

3.2 Genetic

Parathyroid carcinoma has been reported as a feature of
both familial isolated hyperparathyroidism (FIHP) and
familial hyperparathyroidism–tumor jaw syndrome

(FHPT-TJ). These inherited diseases are likely caused
by the same gene, located on chromosome 1q25-31 (11–
13). In these syndromes, hyperparathyroidism is
inherited in an autosomal dominant fashion. Familial
HPT can also occur in the context of several other
diseases, including multiple endocrine neoplasia type 1
(MEN1) and type 2 (MEN2); however, parathyroid
carcinoma is not a feature of the MEN syndromes.

Streeten et al. reported two cases of parathyroid
carcinoma and two cases of atypical parathyroid adeno-
mas in a family with primary hyperparathyroidism with
apparent autosomal dominant transmission (14). Con-
stitutional karyotypes were normal in all four patients,
although three chromosomal abnormalities (a recipro-
cal translocation between chromosomes 3 and 4, triso-
my 7, and a pericentric inversion in chromosome 9)
were identified in cultured parathyroid carcinoma tissue
from one patient. There was no evidence of ras gene
mutations, PTH gene rearrangement, or allelic loss
from the MEN1 locus on chromosome 11q13 in tumor
DNA from one case of PC and one of atypical adenoma.

Wassif et al. described 19 members of a large four-
generation family with autosomal dominant FIHP (15).
DNAmarkers closely linked to theMEN1 andMEN2A
loci and the prepro-PTH gene excluded linkage to these
syndromes. In one individual a parathyroid carcinoma

Figure 1 Overall percentage survival from parathyroid car-
cinoma over a 10-year period (N = 134). (Data from Ref. 6.)

Table 1 Selected Series of Parathyroid Carcinoma with 10 or More Patients

Author/institution (Ref.) Year Study type
Pathology
review

Female:male
ratio

Average age,
yr (range)

Hundahl et al./
United States (6)

1985–1995 National registry 286 No 1:1 55 (14–88)

Sandelin et al./
Sweden (3)

1968–1990 International
registry

95 Yes 1:1 55 (20–83)F
52 (24–78)M

Schantz and

Castleman (8)

1930–1972 Single institution

review

70 Yes 1:1 44 (13–84)

Shane et al./
Columbia (2)

1966–1982 Literature review 62 No 1:1 48 (18–73)

Holmes et al./NIH (7) 1933–1968 Literature review 50 No 1:1 44 (12–72)
Wang and Gaz/
MGH (29)

1948–1983 Single institution
review

28 No 1:1 45 (28–72)

Wynne et al./
Mayo Clinic (31)

1920–1991 Single institution
review

43 Yes 1:1 54 (29–78)

Favia et al./Padua 1980–1996 Single institution
review

16 Yes 1:2 61 (30–78)

Levin et al./UCSF (39) 1966–1985 Single institution
review

10 Yes 1:2 49 (23–68)

Anderson et al./

MDACC (48)

1968–1982 Single institution

review

15 Yes 1:1 (27–61)

Chow et al./PMH,
Toronto (47)

1958–1996 Single institution
review

10 Yes 1:1 53 (14–72)
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was found after recurrence of hypercalcemia, leading
these investigators to conclude that FIHPT is a genet-
ically and clinically distinct entity with an increased risk
of malignant transformation of parathyroid tumors.

3.3 Secondary Hyperparathyroidism

Parathyroid carcinoma has been described in several
patients with secondary hyperparathyroidism (sHPT)
due to end-stage renal disease. This observation sug-
gests that chronic stimulation of the parathyroid glands
may lead to parathyroid carcinoma (16,17). The devel-
opment of asymmetrical nodular parathyroid growth in
hyperplastic glands in sHPT supports the notion that
chronic parathyroid stimulation can lead to neoplastic
transformation of parathyroid cells (18). Parathyro-
matosis, the implantation and growth of hyperplastic
parathyroid glands following tumor spillage during
para-thyroidectomy, is a well-recognized outcome fol-
lowing parathyroidectomy for benign sHPT (19). Whe-
ther this phenomenon represents parathyroid cancer in
these patients with sHPT is unclear. The observation
that benign parathyroid tissue may grow heterotopi-
cally and cause recurrent hyperparathyroidism supports
the contention that not all parathyromatosis represents
parathyroid carcinoma (40).

4 ETIOLOGY AND PATHOGENESIS

The cause of parathyroid carcinoma is unknown. An
association of parathyroid carcinoma with FIHP sug-
gests a genetic predisposition. The association with se-
condary HPT also suggests that chronic parathyroid
stimulation or environmental factors are also important
in the pathogenesis of parathyroid carcinoma. Isolated
instances of synchronous parathyroid carcinoma and
adenoma have been reported (20); however, the largest
pathological review of parathyroid carcinoma reported
no cases of parathyroid carcinoma developing in a pre-
existing parathyroid adenoma or hyperplasia (8).

Oncogenes implicated in the pathogenesis of para-
thyroid carcinoma include the cell cycle regulators,
retinoblastoma (Rb) gene, and P53. Several investiga-
tors have reported somatic loss of the DNA at the Rb
locus using polymorphic DNA markers (21–23) and
decreased immunohistochemical staining of Rb protein
in parathyroid carcinoma (21,24). However, other stud-
ies have failed to identify such loss, andmutations in this
gene have not been reported (25). Loss of DNA in the
region of P53 and abnormal P53 immunostaining have
also been described in a small number of parathyroid
carcinomas, although mutations in P53 have not been

described (26). Mutations in PRAD1 (cyclin fused to
PTH promoter in 5% of parathyroid adenomas), menin
(MEN1), and ret (MEN2A), genes associated with
benign parathyroid neoplasia have not been reported
in parathyroid carcinoma.

5 CLINICAL PRESENTATION

5.1 Symptoms and Signs

Virtually all patients with parathyroid carcinoma are
symptomatic at the time of diagnosis. Symptoms reflect
marked hypercalcemia and significanty elevated para-
thyroroid hormone, rather than local effects of tumor
growth (Table 2). These symptoms are similar to ad-
vanced hyperparathyroidism and most commonly in-
clude polyuria, polydypsia, weakness and fatigue,
nausea and vomiting, dyspepsia and constipation (2).
Depression and psychosis are also commonly described.
Rare asymptomatic patients with nonfunctioning para-
thyroid carcinoma have been reported; such patients
present with a neckmass without clinical or biochemical
features of hyperparathyroidism (27,28).

Most patients with parathyroid cancer have severe
renal and skeletal manifestations of hyperparathyroid-
ism. This syndrome is again similar to the presentation
of longstanding benign primary hyperparathyroidism,
before the widespread use of the multichannel blood
analyzer. Since most patients diagnosed today with
hyperparathyroidism are asymptomatic, patients with
severe symptoms and hypercalcemic crisis may be sus-
pected of having parathyroid cancer (1). Up to 15% of

Table 2 Clinical Features of Parathyroid Carcinoma

Feature Frequency (%)

Bone disease 46–73
Nephrolithiasis 30–64
Renal insufficiency 21,

Pancreatitis 10–15
Weakness 8
Nausea and vomiting 5
Peptic ulcer 8–18

Hypercalcemic crisis 14
Local recurrence 25–30
Lymphatic metastases 10–15

Distant metastases 25–30
Hypercalcemia (>14 mg/dL) 40–70
Palpable neck mass 30–50

Vocal cord paralysis 15

Source: Refs. 7, 8, 29.
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patients present in hypercalcemic crisis, with dehydra-
tion, mental status changes, and profoundly elevated
serum calcium (>14 mg/dL) (29). The clinical manifes-
tations of severe hypercalcemia are variable and reflect
altered central nervous system (CNS), cardiovascular,
and gastrointestinal physiology (30). CNS dysfunction
is characterized by confusion, impaired cognition, ob-
tundation, and coma in severe cases. Cardiovascular
effects include hypertension and a shortened QT inter-
val on electrocardiogram. Gastrointestinal symptoms
such as anorexia, nausea, vomiting, and occasionally
pancreatitis can be present. A palpable neck mass is
uncommon in benign parathyroid disease and its pres-
ence usually indicates the presence of a thyroid nodule.
In contrast, a palpable neck mass is reported in 32–50%
of patients with parathyroid carcinoma. This finding, in
conjunction with very high PTH levels, should raise the
suspicion of parathyroid cancer in hypercalcemic
patients (29,31,32). Patients with parathyroid carci-
noma may infrequently present with vocal cord paraly-
sis, hoarsness, or dysphagia because of locally advanced
disease involving the recurrent laryngeal nerve, esoph-
agus, or trachea.

5.2 Laboratory Tests

Hypercalcemia is the hallmark feature of parathyroid
carcinoma. Hypercalcemia in these cases is often severe;
between 39 and 75% of patients with parathyroid car-
cinoma have a serum calcium concentration greater
than 14mg/dL (1). Patients with parathyroid carcinoma
also have significant elevations of parathyroid hormone
(5–70 times normal range) (2,20). Associated laboratory
abnormalities include hypophosphatemia, elevated
alkaline phosphatase, and hyperchloremic metabolic
acidosis due to bicarbonate excretion in the urine.

5.3 Imaging

The routine use of preoperative localization studies in
hyperparathyroid patients without a history of prior
neck surgery is controversial. Until recently, imaging
studies to preoperatively locate enlarged parathyroid
glands were discouraged. However, recent data sug-
gest that 99Tc sestamibi identifies parathyroid adeno-
mas with high sensitivity and may be used to select
patients for directed parathyroidectomy with good suc-
cess (32,33). Localization studies are clearly useful in
reoperative parathyroidectomy, a small percentage of
which is performed for recurrent parathyroid carci-
noma. When parathyroid carcinoma is suspected on
clinical grounds, preoperative imagingmay be indicated

to assess involvement of contiguous structures or to
identify distant metastases. Effective noninvasive imag-
ing studies to identify parathyroid tissue include 99Tc
sestamibi scanning, ultrasound, computed tomography
(CT) scan, magnetic resonance (MR) imaging, and
FDG-PET. In selected cases, invasive imaging with
selective venous sampling for parathyroid hormone
may be useful. Despite an abundance of literature re-
garding the effectiveness of these imaging modalities
in benign parathyroid disease, the experience with var-
ious approaches to imaging parathyroid carcinoma is
anecdotal.

Although frequently reported for localizing parathy-
roid adenomas, 99Tc sestamibi has been reported in only
a few cases of primary and recurrent parathyroid carci-
noma. Aigner was one of the first to describe focal Tc-
99m–MIBI uptake in parathyroid carcinoma (34). Sub-
sequently, Al Sobhi reported a case of locally recurrent
parathyroid carcinoma with involved lymph nodes that
was localized by Tc-99m–sestamibi imaging and was
confirmed surgically and pathologically (35) Neumann
and colleagues also described a 65-year-old man with
recurrent hyperparathyroidism after resection of para-
thyroid carcinoma. However, double-phase Tc-99m–
sestamibi scintigraphy gave misleading localization
and the location and extent of the parathyroid carcino-
ma were correctly detected by PET using 18F-fluoro-
deoxyglucose (36). More recently, Favia et al. reported
true positive findings (93.7% sensitivity) for sestamibi in
15 of 16 patients with parathyroid carcinoma (4). This
compared favorably to ultrasound (11 of 13 true pos-
itive, 85% sensitivity) and CT scan (4 of 4 true positive,
100% sensitivity) for localizing parathyroid carcinoma.
Based on limited published experience, Tc-99m–sesta-
mibi should be considered to localize suspected primary
or recurrent parathyroid carcinoma.

High-frequency (10 MHz) ultrasonography has been
reported for preoperative localization and for differ-
entiating parathyroid carcinoma from adenoma (37).
On ultrasound, parathyroid carcinomas are ovoid or
round with a lobulated contour. They are predominant-
ly hypoechoic relative to the adjacent thyroid but may
contain both hypoechoic and hyperechoic regions and
cystic spaces. Gross invasion of surrounding structures
may be seen. In their series of over 70 parathyroid neo-
plasms imaged with ultrasound, Hara et al. reported
that a depth-width ratio greater than or equal to 1 was
identified in 15 (94%) of the 16 cases of carcinoma,
whereas only 3 (5%) of the 61 adenomas had a similar
ratio (38). Ultrasonographic features of parathyroid
carcinoma include large, inhomogeneous, hypoechoic
masses with lobulated contours. In contrast, parathy-
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roid adenomas appear as small, homogeneous, hypo-
echoic masses with smooth borders.

6 DIAGNOSIS

A high index of suspicion is required to prospectively
identify malignant parathyroid disease (Table 3). A
relative predisposition of males and younger patients
to parathyroid cancer versus benign parathyroid disease
has been noted; however, these trends are usually not
helpful in assessing individual patients.

Parathyroid cancer should be suspected during para-
thyroidectomy when a firm, grey enlarged parathyroid
gland is encountered. In these cases, the gland is fixed
to surrounding structures and is difficult to dissect from
adjacent tissues. This is in sharp contrast to benign para-
thyroid adenomas, which are the oval, soft, reddish-
brown, and are easily dissected from the thyroid. Ma-
lignant parathyroid glands can be quite large, weighing
up to 120 g. The discovery of pathological cervical ade-
nopathy or frank invasion of nearby structures confirms
the presence of parathyroid carcinoma. Despite these
seemingly obvious criteria, a diagnosis of parathyroid
carcinoma is rendered at the primary operation in only
15–80% of cases (3,6).

A pathological diagnosis of grossly unapparent
parathyroid cancer can be quite difficult. The most
commonly accepted criteria to differentiate parathy-
roid carcinoma from adenoma were initially proposed
by Schantz and Castleman (8). Pathological features of
parathyroid carcinoma include a trabecular cell pat-
tern, mitotic figures, thick fibrous bands, and capsular
and blood vessel invasion. (Figs. 2–4). However, para-
thyroid adenomas may also have some of these fea-
tures, making them unreliable and the diagnosis of
parathyroid carcinoma in these cases uncertain (39).
Other parameters, including nuclear diameter, tumor
aneuploidy, Rb and P53 gene expression, Ki-67 expres-
sion, and gelatinase mRNA expression, have been pro-
posed as specific tests for parathyroid carcinoma, yet

none has provided superior discriminating power over
histopathology (1). The most certain method of diag-
nosis of a malignant tumor of the parathyroid is the
identification of local tissue invasion or the presence of
nodal or distant metastases. Consequently, a diagnosis
of parathyroid carcinoma may be made following lo-
cal or systemic recurrence of parathyroid carcinoma
months to years following resection of a presumed be-
nign parathyroid adenoma. Even then, local recurrence
does not necessarily confirm the presence of carcino-
ma since autotransplanted benign parathyroid adeno-
mas have been shown to proliferate ectopically (40).

7 NATURAL HISTORY

Owing to the rarity of the disease, there have been few
independent studies to define the natural history of this
disease (29,41). Most published series reveal that para-
thyroid carcinoma is an indolent, yet tenacious malig-
nancy. Parathyroid carcinoma is most prone to direct,
local spread, with metastases to cervical lymph nodes
occurring late in the disease. Distant metastasis to the
lungs and liver and occasionally, bone, adrenals, and
pancreas is usually a late event (29,42).

Untreated, parathyroid carcinoma proceeds slowly,
and patients often experience progressive decline sec-
ondary to severe hyperparathyroidism. Morbidity and
mortality are usually due to metabolic complications of
hypercalcemia including uremia, arrhythmias, chronic
wasting, hypercalcemic crisis, and pancreatitis (7).
Morbidity due to mass effect of invasion of contiguous
structures is less frequent.

8 TREATMENT

8.1 Surgery

Aggressive surgical resection is the treatment of choice
for primary parathyroid carcinoma. The initial opera-
tion for localized disease includes en bloc removal of the
parathyroid tumor, the ipsilateral thyroid lobe, and any
adherent tissue. Long-term studies have shown that
50% or more of patients with parathyroid cancer will
be cured by adequate surgical resection. The most
important factor related to cure is en bloc surgical re-
section without rupture or tumor spillage (29). In a
careful analysis of factors predicting survival, the extent
of surgical resection (i.e., tumor excision vs. tumor
excision with either thyroid lobectomy or total thyroid-
ectomy) correlated significantly with overall survival
from parathyroid cancer (3).

Table 3 Clinical Features
Suggestive of Parathyroid
Carcinoma

Severe renal/bone manifestations

Hypercalcemic crisis
Calcium > 14 mg/dL
Intact PTH > 5 times normal

Palpable neck mass
Male sex
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Fragmentation and piecemeal resection of parathy-
roid cancer is to be strictly avoided, but unfortunately is
not uncommon. In most series, fragmentation of para-
thyroid cancer is reported up to 28–40% of the time
(6,29). This error seems to occur as the surgeon attempts
to dissect an expected benign adenoma, only to realize
that ‘‘something isn’t right’’ as the tenacious capsule is
violated and tumor is spilled. This error often results in
tumor spillage and implantation, leading to recurrence.
In the largest series of parathyroid carcinoma, survival
at 10 years was better in patients with measured and
presumably nonfragmented primary tumors (6).

Occasionally, locally advanced parathyroid carci-
noma involves the strap muscles, esophagus, or trachea,
necessitating resection of these structures. In a review of
163 reported cases of parathyroid carcinoma, Obara
and Fujimoto reported local invasion in 38 patients. In
these patients, the thyroid gland was most commonly
involved (63%), followed by the recurrent laryngeal
nerve (16%), and the strap muscles, esophagus, and
trachea (43). The most important principle in surgical
resection of parathyroid carcinoma is recognition of the
cancer and complete, en bloc resection of the tumor and
involved structures.

The management of recurrent laryngeal nerve in-
volvement is controversial. Some authors advocate re-
section of a functioning, involved nerve, while others
advocate shaving the tumor from the nerve. Frozen
section examination is not reliable for establishing a
diagnosis in the absence of clear invasion of cervical
structures (7). Given the difficulty in establishing the
diagnosis during the primary operation, a conservative
approach to a functioning recurrent nerve seems justi-
fied. Resection of an involved recurrent nerve is jus-
tifiable in repeat resections for cure of parathyroid
carcinoma.

The indication for cervical lymphadenectomy during
initial resection for recognized parathyroid carcinoma is
controversial. Holmes et al. documented a 32% inci-
dence of cervical metastases, leading them to conclude
that a central and ipsilateral radical cervical lymphade-
nectomy should be performed (7). Hundahl et al. docu-
mented cervical lymph node involvement in up to 15%
of cases of parathyroid carcinoma supporting this
observation (6). In contrast, Sandelin et al. reported
cervical lymph node involvement in less than 3% of
patients at initial operation for parathyroid cancer (3).
This observation is supported by Obara and Fujimoto,
who identified only 7 patients with cervicalmetastases in
their series of 163 patients (43). Ipsilateral central (level
VI) and upper mediastinal (level VII) lymph nodes
should be excised during the initial operation for para-

thyroid cancer. Elective lateral lymph node dissection is
rarely indicated during initial surgery for parathyroid
carcinoma. The fact that several series have shown that
the inclusion of cervical lymphadenectomy had no
impact on disease outcome (3,6) supports the recom-
mendation that lateral neck dissection (levels II–IV)
should be reserved for gross nodal metastases.

The association of parathyroid carcinoma with fa-
milial HPT suggests that patients with parathyroid car-
cinoma are at risk for multiple gland neoplasia. Hence,
all patients with parathyroid carcinoma should have
complete neck exploration with identification of all
parathyroid glands. Indeed several reports have docu-
mented patients with concurrent benign and malignant
parathyroid neoplasms (20). Sandelin et al. reported
that multiple gland resection was performed in approx-
imately 4% of cases of parathyroid carcinoma (3).

Surgical resection is also the treatment of choice for
local recurrence and for low-volume distant metastases
from parathyroid carcinoma (7,44). As with other en-
docrine tumors, symptoms reflect excess hormone pro-
duction, rather than local tumor effects. Furthermore,
most patients die of uncontrolled hypercalcemia rather
than replacement of organs by tumor (8). Local recur-
rence in the neck should be suspected first, followed by
metastases to distant sites, including lung, bone, liver,
and adrenal. Localization of metastatic parathyroid can
be difficult (42). Radiological studies including chest
x-ray, cervical ultrasound, CT scans, and selective ve-
nous samplingmay be used. Studies should be guided by
local symptoms (e.g., bone pain). Resection of distant
metastases has been reported to achieve sustained con-
trol of hypercalcemia in many cases (42,44,45). The
chance for cure in this situation is low; however, signi-
ficant palliation from the effects of severe hypercalcemia
can be achieved. Obara et al. reported 7 patients with
pulmonarymetastases from parathyroid carcinoma and
reviewed the reported outcome in an additional 22 cases
from the literature (46). Six of their 7 patients under-
went either unilateral or staged bilateral thoracotomies
to resect up to 55 total lesions. In 4 patients, normo-
calcemia was achieved after multiple thoracotomies.
Three patients had persistent hypercalcemia and all
died; two had concurrent bone metastases. Their review
of 22 published cases revealed that aggressive resection
of pulmonary metastases can result in improvements in
serum calcium and long-term (9–30 years) survival in up
to 50% of patients with pulmonary metastases from
parathyroid cancer. Patient selection for metastectomy
is essential. Patients with concurrent multiple sites of
metastases and those with a short (<2 yr) disease-free
interval after primary surgery are unlikely to benefit
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from metastectomy (8). Sandelin et al. also reported
results in 6 patients with metastatic parathyroid carci-
noma (42). Only one of these patients had normali-
zation of calcium after repeat neck exploration. All
patients with multiple site disease (pulmonary, bone,
liver) had persistent, severe hypercalcemia or died of
disease despite resection of both pulmonary and bone
metastases.

8.2 Radiation Therapy

Parathyroid carcinoma is not a radiosensitive malig-
nancy (7). However, series of adjuvant or palliative
radiation have been reported. In the Princess Margaret
Hospital experience, 9 of 10 patients received radiation
therapy (47). In this series, indications for adjuvant
radiation included close (<2 mm) or positive resection
margins. Six patients received electron beam adjuvant
radiotherapy delivering 40–45 Gy in 15–25 daily frac-
tions. No complications were reported, and all 6 pa-
tients are free of disease at a mean follow-up of 62
months (range 12–156 months). Three patients in this
series had palliative radiotherapy for local and distant
recurrence; two for progressive disease.

8.3 Chemotherapy

Chemotherapy is ineffective in parathyroid carcinoma.
Anderson et al. reported that combination chemo-
therapy with doxorubicin, cyclophosphamide, and 5-
fluorouracil was ineffective in two patients with unre-
sectable metastases from parathyroid carcinoma (48).
Three of 7 patients with metastatic parathyroid carci-
noma reported by Obara et al. received chemotherapy
with a variety of agents including dacarbazine, cyclo-
phosphamide, 5-fluourouracil, and vincristine, none of
which demonstrated response in terms of correcting
hypercalcemia or impacting tumor burden (46). Wynne
et al. showed no benefit of chemotherapy in terms of
lowering calcium or prolonging life in 6 patients treated
with combinations including mithramycin, 5-fluoroura-
cil, and doxorubicin (31).

8.4 Hypercalcemic Crisis

Severe hypercalcemia is generally defined as an albu-
min-corrected serum calcium concentration greater
than 14 mg/dL. Clinical manifestations of hypercalce-
mic crisis include mental status changes, hypertension,
prolonged QT interval on the electrocardiogram, nau-
sea and vomiting, and occasionally pancreatitis. Pa-
tients with hypercalcemia of this degree, as well as

those who are symptomatic at lower degrees of hyper-
calcemia, should be treated. The management of acute,
severe hypercalcemia due to parathyroid carcinoma is
no different than that due to other causes. Goals of
treatment are to restore intravascular volume, promote
renal excretion of calcium, and inhibit osteoclast-medi-
ated bone resorption.

Specific medical management can be broken down
intomeasures that promote calcium excretion and those
that inhibit osteoclast-mediated bone resorption. Initial
measures aimed at promoting calcium excretion should
include infusion of normal saline to reverse intravascu-
lar volume depletion and administration of loop diu-
retics to promote calciuresis. These measures alone are
usually ineffective in hypercalcemia due to parathyroid
carcinoma and must be complemented with other
agents. Bisphosphonates (etidronate, pamidronate,
and clodronate) are the drugs of choice in this setting
(30). In particular, a single 24-hour infusion of up to 90
mg of pamidronate results in normalization of serum in
70–100% of patients (49,50). Other active agents
include plicamycin, calcitonin and gallium nitrate, glu-
cocorticoids, and sodium phosphate. Calcitonin 4U per
kg every 12 hours is first-line therapy when hypercal-
cemia is life threatening and rapid correction of se-
rum calcium is necessary (30). The effect of calcitonin
is short-lived, and additional treatment, usually with a
bisphosphonate, is usually necessary.

9 PROGNOSIS

Even following adequate surgical resection, approxi-
mately one third to one half of patients with para-
thyroid carcinoma will experience recurrence (3,8).
Prediction of outcome from parathyroid carcinoma is
imprecise. Tumor size and lymph node status were not
predictive of outcome in the largest series of parathy-
roid carcinoma published to date, making a TNM-type
staging scheme unlikely to be useful (6). In contrast,
extent of initial surgery (presence or absence of thyroid-
ectomy), age of the patient at onset, and pathologi-
cal confirmation of malignancy were most predictive
of mortality from parathyroid carcinoma on univa-
riate and multivariate analysis of 95 cases performed
by Sandelin et al. (3).

Recurrences from parathyroid carcinoma most of-
ten develop within 3 years and are heralded by recurrent
hypercalcemia (7). Recurrences within 2 years, in par-
ticular, are associated with poor outcome (8,48). Five-
year disease-free and overall survival range from 30 to
80% and 45 to 85%, respectively (Table 4). Patients
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with recurrence are infrequently cured, with death
resulting from the complications of hypercalcemia
rather than from organ invasion (2,8,29).

10 FOLLOW-UP

Patients with resected parathyroid carcinoma should
be followed with serum calcium, physical examination,
and chest x-ray. Since up to 50% of both local and dis-
tant recurrences occur within the first 2 years of resec-
tion, intensity of follow-up should be highest during this
time. Long-term follow-up is indicated for all patients
because recurrence has been documented up to 15 years
following resection of parathyroid carcinoma (29).

11 SUMMARY POINTS

1. Parathyroid carcinoma represents 1% of hyper-
parathyroidism.

2. Clinical features of parathyroid carcinoma re-
flect severe hyperparathyroidism and are in-
distinguishable from those of longstanding,
symptomatic benign parathyroid disease.

3. Severe hypercalcemia with very high PTH lev-
els in a young male patient with a palpable neck
mass are the classic ‘‘at-risk’’ signs to suggest
parathyroid carcinoma.

4. At operation, parathyroid carcinoma appears as
a gray to white, firm enlarged parathyroid with a
thick fibrous capsule. Adherence to and invasion
of surrounding structures is common.

5. Complete en bloc resection of parathyroid car-
cinoma with ipsilateral thyroid lobectomy and
ipsilateral paratracheal lymphadenectomy is the
best surgical procedure. Removal of adjacent
structures, including strap muscles, esophagus,

nerves, and vessels, is indicated when invasion is
encountered. Piecemeal resection of parathyroid
carcinoma is to be strictly avoided.

6. Disease-free survival of 20–70% and overall sur-
vival of 13–70% can be expected 10 years fol-
lowing resection of parathyroid carcinoma.
Local recurrence develops in up to 50% of pa-
tients. Distant metastases to regional lymph
nodes, lung, liver, and bone can be expected in
30% of patients. There are no reliable prognostic
factors for parathyroid carcinoma.

7. Surgical resection of locoregional or isolated dis-
tant metastases can provide effective palliation
for hypercalcemia resulting from recurrent
parathyroid carcinoma. Disease-free survival
less than 2 years and multiple site recurrence
portends a poor outcome from surgical pallia-
tion. Chemotherapy and radiation therapy are
ineffective in this disease.
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1 INTRODUCTION

The first successful parathyroidectomy for primary
hyperparathyroidism was performed in Vienna, Aus-
tria, in 1925. Since then, parathyroidectomy has been
routinely performed in many specialized centers world-
wide. Due to the fact that a subset of patients with
primary hyperparathyroidism (PHPT) has a multi-
glandular disease caused by four-gland hyperplasia or
multiple adenomas, most surgeons have recommended
routine bilateral exploration and identification of all
glands.

The advent of more reliable preoperative imaging
techniques such as high-resolution ultrasonography and
sestamibi scan and the development of an intraoperative
assay to confirm normalization of parathyroid hormone
(PTH) have allowed important changes in the treatment
of primary hyperparathyroidism. More surgeons today
are comfortable with unilateral exploration, which al-
lows for smaller incisions, shorter operative times, and
use of sedation instead of general anesthesia in some
instances.

Laparoscopic procedures were initially limited to
body areas with preexisting cavities; more recently, ac-
cess to potential spaces has extended the spectrum of
minimally invasive endoscopic surgery. Since the first
report of an endoscopic parathyroidectomy in 1996 (1),

video-assisted techniques have been applied to surgery
of the neck, and several series have documented the
feasibility of these approaches for parathyroid and thy-
roid diseases (2–5).

Three major techniques are currently utilized for the
minimally invasive treatment of hyperparathyroidism:

1. The endoscopic approach: As originally described
by Gagner, it includes constant gas insufflation
and four trocars placed on the anterior aspect of
the neck. Other authors have subsequently de-
scribed technical variations such as using a com-
bination of an external lift device and/or a mod-
ified hernia balloon to create a working space
(6,7) or performing an axillary approach (8) with
the aim to avoid scars in the neck area.

2. Video-assisted parathyroidectomy: Miccoli et al.
(9) have described a video-assisted parathyroid-
ectomy withouth gas insufflation. Their tech-
nique is performed through a 15 mm incision at
the sternal notch, which is then held open with
conventional retractors. The operation is per-
formed using a 5 mm endoscope and 2 mm for-
ceps and scissors passed through the incision at
the sternal notch.

3. Video-assisted parathyroidectomy by lateral ap-
proach: This approach, described by Henry et al.
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(10), is characterized by a 15 mm transversal skin
incision on the anterior border of the sterno-
cleidomastoid muscle (SCM), on the side of the
supposed lesion. Dissection of the fascia con-
necting the lateral portion of the strap muscles
and the thyroid lobe with the carotid sheath is
then performed prior to introduce a 12 mm tro-
car through the incision and two 2.5 mm trocars
on the line of the anterior border of the SCM,
above and below the first trocar. Carbon dioxide
is then used at 8mmHg.Unilateral video-assisted
parathyroid exploration can be therefore carried
out using a 10 mm 0-degree endoscope.

In this chapter we will describe in detail the operative
technique of endoscopic parathyroidectomy and its
current indications and contraindications. We will also
discuss the clinical outcomes and advantages of mini-
mally invasive neck surgery in general and of the endo-
scopic technique in particular.

2 ENDOSCOPIC PARATHYROIDECTOMY

2.1 Indications

Indications for the procedure are as follows:
1. Laboratory evidence of primary hyperparathy-

roidism associated with solitary adenoma, being un-
equivocal at a single site documented by technetium
Tc-99m–sestamibi and/or ultrasonographic scanning.

2. Availability of the quick PTH assay (QPTH).
Since the neck offers a limited working space for endo-
scopic maneuvering, the ideal candidate is a thin patient
with a moderately enlarged gland (1–2 cm).

2.2 Contraindications

Relative contraindications are as follows:

1. Evidence of multiple gland disease
2. Likelihood of hyperplasia of the parathyroids or

multiple gland disease
3. History of renal disease, family history of para-

thyroid disease, or suspected multiple endocrine
neoplasia syndrome

4. Goiter
5. Previous neck surgery or irradiation of the neck
6. Lithium-associated PHPT
7. Abnormal neck structure (skeletal or soft tissue)
8. Obesity (a short, wide neck can limit maneuver-

ability)

Absolute contraindications are preoperative evi-
dence or suspicion of parathyroid carcinoma:

1. The endoscopic approach may lead to inade-
quate staging.

2. The removal of a parathyroid carcinoma through
a small incision or through an endoscopic port or
cannula provides a situation of risk for rupture
with potential cell spillage, leading to disease
recurrence.

3 THE TECHNIQUE OF ENDOSCOPIC

PARATHYROIDECTOMY

3.1 Patient’s Position

After inducing general endotracheal anesthesia, the pa-
tient is placed on the operating table in the supine po-
sition with the neck slightly extended and rotated to
the contralateral side. A donut is used to stabilize the
head.

3.2 Team Set-Up

The surgeon stands on the side of the patient contrala-
teral to the affected parathyroid gland. The first assis-
tant who maneuvers the camera stands on the surgeon’s
left. A second assistant, if available, may stand on the
contralateral side of the table. The scrub nurse stands on
the side of the table opposite the surgeon.

3.3 Equipment

One screen is placed slightly above the head of the
patient, on the same side of the lesion, therefore being
opposite to the surgeon and first assistant. A second
screen is placed on the contralateral side and used by the
third assistant. Laparoscopic and video units are usually
placed behind the surgeon.

3.4 Instruments

Optical devices include a 0 degree 5 mm laparoscope, a
30 degree 5 mm laparoscope, and a 30 degree 3 mm
laparoscope. Operating devices include 2–3 mm and 5
mm trocars and 2–3 mm dissectors, graspers, and scis-
sors with a length of about 18–20 cm (Figs. 1–3).

3.5 Incision and Placement of Trocars

Anatomical landmarks are outlinedwith amarking pen,
including the sternal notch, the midline, the anterior
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border of the sternocleidomastoid muscle, and the ex-
ternal jugular veins (Fig. 4). The head of the patient is
slightly rotated on the opposite side of the lesion to
maximize access to the ipsilateral neck.

A 0.5 cm skin incision is made at the sternal notch
(Fig. 5). A blunt-tipped Kelly clamp is used to enter the
subplatysmal space under direct vision. Blunt dissection
is performed to develop a space along the anterior
border of the ipsilateral SCM. A pursestring suture (2/
0 silk) is placed around the incision in order to minimize
gas leakage from this port site. The pursestring should
be placed in the subcutaneous tissue, since placing it
transcutaneously seems to increase the risk of keloids.

After insertion of the first trocar, carbon dioxide is
insufflated to a pressure of 12 mmHg until an adequate
working space is developed by gently advancing a 0 de-
gree 5 mm endoscope along the avascular space of the
anteromedial border of the ipsilateral SCM. Once the
working space is developed, the insufflation pressure is
decreased to 8–10 mmHg for the remainder of the
procedure.

The 0 degree endoscope is then replaced by a 30
degree 5mm endoscope, which is used for the remainder
of the case. Three additional trocars are then inserted
under direct vision: (1) one 2–3 mm trocar at the mid-
portion of the ipsilateral SCM, (2) one 2–3 mm or one 5
mm trocar at the midline, and (3) one 2–3 mm trocar
superolaterally, along the anterior border of the SCM
(Fig. 6).

3.5.1 Dangers and Intraoperative Complications

Rarely, an external jugular vein or smaller venous ves-
sels such as subplatysmal or subcutaneous veins or an-
terior cervical veins may be injured during trocar inser-
tion. These types of vascular injuries may be concealed
by the tamponade effect of insufflation or the trocar
itself during the operation. Hence, these types of injuries
may only be revealed at the end of the operation when
the trocars are removed and the neck is desufflated.

3.5.2 Tips

Trocar insertion needs to be performed carefully. It is
mandatory to have a clear view of the area where the
trocar is being inserted. In order to minimize the risk of
injury to vessels or to the trachea during trocar inser-
tion, it is a good practice to direct the tip of the trocar
toward the laparoscope. Care should be taken to avoid
insertion of the trocars through the fibers of the sterno-
cleidomastoid muscle to avoid injuring the jugular vein
or the carotid artery. The first trocar must be inserted by

an open technique, while other trocars are inserted
under direct vision.

3.6 Dissection of the Operative Site and

Mobilization of Structures

The carotid artery is identified and the space between
the lateral border of the strap muscles and the medial
edge of the carotid artery is developed (Fig. 7). Strap
muscles are retracted antero-medially in order to visual-
ize the lateral aspect of the thyroid lobe. The thyroid
lobe is then gently retracted medially in order to provide
further exposure of the area, exposing the loose con-
nective tissue posterolateral to the thyroid lobe. If
needed, the middle thyroid vein can be ligated using
5 mm clips or a 5 mm harmonic scalpel introduced
through the trocar at the sternal notch. While perform-
ing this step, a 3 mm endoscope must be inserted
through the superolateral trocar on the anterior border
of the SCM. This maneuver allows safer medial retrac-
tion of the thyroid lobe and can facilitate exposure of
the deeper tissue planes.

3.6.1 Dangers and Intraoperative Complications

Bleeding from a middle thyroid vein may significantly
compromise view of structures and be difficult to man-
age endoscopically. The use of cautery is to be avoided
since the small working space favors inadvertent con-
tacts between endoscopic instruments with consequent
possible spreading of energy and injury to nervous and
vascular structures.

3.6.2 Tips

The combination of blunt dissection and gas insufflation
allows easy separation of structures, minimizing the
need for sharp dissection. This avoids annoying oozing
from small vessels and helps maintain a clear endo-
scopic view. If the source ofmoderate bleeding is a small
venous vessel, hemostasis can be effectively achieved by
just crushing it with the tips of the grasper for approx-
imately one minute. In addition to the advantage of
reducing the risk of electrical injury, this method avoids
the switching of instrumentation in and out of the neck,
thereby decreasing the risk of traumatic injury to
organs.

3.7 Anatomical Landmarks and Dissection of the

Recurrent Laryngeal Nerve

Dissection directed medially on the posterolateral as-
pect of the thyroid will allow identification of the recur-
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rent laryngeal nerve and parathyroid glands (Figs. 8,9).
The inferior thyroid artery is a useful landmark for
locating the recurrent laryngeal nerve. As the artery
passes medially behind the thyroid gland, it crosses the
recurrent laryngeal nerve in front, behind, or on both
sides. The easiest site to identify the recurrent laryngeal
nerve is near where the inferior thyroid artery crosses
the lateral border of the lower pole of the thyroid gland.
The nerve or one of its branches may pass behind, be-
tween, or in front of the branches of the artery. Another
site to identify the nerve is more caudally, where it
crosses behind the cranial and medial curves of the
common carotid artery and can be identified dissecting
along the medial surface of the artery. The superior
parathyroid glands will be found most often at the level
of the upper two thirds of the posterior thyroid capsule.
The inferior thyroid artery or its branches leads in most
cases to the inferior parathyroid glands.

3.7.1 Dangers and Intraoperative Complications

In approximately 1% of cases the right recurrent nerve
is nonrecurrent and originates in a superior level of the
vagus nerve, therefore having a lateral direction and
being susceptible to injury.

3.7.2 Tips

To prevent injury of the nerve, coagulation or clip
application in close proximity to the nerve or when the
nerve is not yet identified should be minimized or
avoided. The use of bipolar coagulation or ultrasonic
energy for hemostasis is preferable due to limited lateral
spread. The nerve should also be separated from the
thyroid gland before the gland is retracted medially or
manipulated to avoid stretching and axon damage.

Although the operative field during endoscopic thy-
roidectomy is limited, the magnification allowed by the
laparoscope provides improved visualization of small
anatomical details that might help decrease the risk of
injury the nerve. The vasa nervorum running along the
recurrent laryngeal nerve may in fact be easily recog-
nized (Fig. 5) and help identification and preservation of
the nerve.

3.8 Identification of Parathyroid Adenoma

When the plane between the thyroid and the carotid
sheath is developed, using either an inferior view or a
lateral view, and the recurrent laryngeal nerve and
inferior thyroid artery are identified, the next step is
the location of the parathyroid gland (Fig. 10). When

parathyroid glands are not immediately visualized,
classic anatomical landmarks should lead the dissec-
tion. The endoscopic approach makes it possible to
locate glands located deeply in the tracheoesophageal
groove or even downward in the superior mediastinum.

When performing dissection of the posterolateral
aspect of the thyroid, a 3 mm endoscope should be
placed through the superolateral trocar (the most cra-
nial of the two trocars placed along the SCM), while a
5 mm endopeanut is introduced through the sternal
port and used to retract the thyroid lobe medially. Po-
sitioning the endoscope in this position allows one to
approach the recurrent laryngeal nerve and parathyroid
glands frontally and assists in dissection of the base of
the neck or superior mediastinum if ectopic parathyroid
glands need to be located.

3.9 Freeing of the Parathyroid Adenoma

When the parathyroid gland/adenoma is identified, the
parathyroid gland can be retracted bluntly by pushing
the gland with the closed tip of a grasper forceps. While
retracting maneuvers provide tension, a curved scissor
or a curved dissector is used to dissect the gland away
from surrounding structures and loose areolar tissue
until complete mobilization is achieved and the vascular
pedicle of the gland clearly identified.

When the parathyroid adenoma is completely freed
and the vascular pedicle circonferentially dissected by
using a curved dissector or a right-angled dissector, a 5
mm clip applier is introduced through the trocar at the
sternal notch. After placing two 5 mm clips proximally
and one distally, a 2–3mm scissor is introduced through
the trocar located at themidportion of the SCM in order
to divide the pedicle between clips (Fig. 11).

Alternatively, a 5mmharmonic scalpel can be passed
through the trocar at the sternal notch and used to
coagulate and divide the parathyroid vascular pedicle.

3.10 Extraction of the Specimen

A small sac fashioned by removing the thumb portion of
a surgical glove and placing a pursestring on the open-
ing is introduced through the 5 mm trocar. The speci-
men is then placed into the sac and the pursestring
pulled to ensure tight closure of the opening during
the extraction. The free tails of the pursestring are then
grabbed and pulled through the trocar at the sternal
notch by using a grasper forceps. The trocar is then
removed and the sac extracted through the port site
incision, which may need to be slightly enlarged to ac-
commodate the specimen (Fig. 12).
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3.11 End of the Procedure

After extraction of the specimen, the trocar is reinserted
at the sternal notch and exploration of the working
cavity is carefully performed to check hemostasis and
integrity of other cervical structures. Routine use of
drains is unnecessary. The neck is then desufflated and
trocars removed (Fig. 12).

Two blood samples are obtained at 10 and 20 min-
utes from the ligature of the parathyroid peduncle and
quick PTH assay (QPTH) performed to verify that at
least a 50% decrease of preoperative hormonal levels is
achieved. The specimen is submitted for frozen section
analysis to confirm extraction of parathyroid adenom-
atous tissue.

If results of QPTH and frozen section are consistent
with successful removal of parathyroid adenoma, the
operation can be concluded and the skin incision closed.
Steri-strips are used to close the incisions at the 2–3 mm
port sites, while the incision of the 5 mm trocar can be
closed either by steri-strips or by using a subcuticular 4/
0 absorbable suture. The latter is recommended in case
the incision is enlarged to accommodate the specimen
during extraction.

4 POSTOPERATIVE MANAGEMENT

A test for possible bleeding at the conclusion of the
parathyroidectomy should be performed. The head can
be tilted down and the lungs hyperinflated by the anes-
thetist to increase intrathoracic pressure as well as blood
pressure in the neck veins. Patients should be observed
for several hours after surgery, with head and shoulders
elevated 10–20 degrees, if necessary, to keep a negative
pressure in the veins. Vocal cord dysfunction should be
ruled out with laryngoscopy during extubation.

After extubation, the patient should be observed for
a few hours to ensure that recovery from anesthesia is
uneventful and to monitor other possible sequelae of
neck carbon dioxide insufflation. Continuous end-tidal
monitoring is suggested during the operation. Arterial
blood gas determination could be necessary in the first
few hours postoperatively in patients who develop hy-
percarbia intraoperatively, since it has been shown that
increased values of PaCO2

may persist as long as 2 hours
after desufflation.

Patients should have one determination of serum
calcium and magnesium levels during the first 12 hours
postoperatively and then once a day at least for the
following 2–3 days to monitor for possible hypopara-
thyroidism.

5 CLINICAL OUTCOMES AND ADVANTAGES

OF MINIMALLY INVASIVE NECK

SURGERY

Despite the increasing interest in minimally invasive
neck surgery over the last few years, published series
are relatively small and do not allow firm conclusions
to be drawn as to whether the minimally invasive ap-
proach results in significant improvements in clinical
outcomes compared to open surgery. Nevertheless, sev-
eral hundred patients have been reported to have un-
dergone minimally invasive neck surgery over the last
3 years (11), and some conclusions can therefore be
made about the feasibility, safety, reported and/or po-
tential complications, as well as advantages and future
developments.

5.1 Feasibility

Feasibility of a minimally invasive approach for sur-
gery of the parathyroid and thyroid has been well
demonstrated. The technical difficulty and endoscopic
skills required for performance of these operations vary
greatly depending on the technique utilized. Both uni-
lateral and bilateral explorations have been showed
to be feasible by both videoassisted (9) and pure endo-
scopic technique (12).

5.2 Safety and Complications

In general, the complication rate for minimally invasive
parathyroidectomy seems to be as low as that of tradi-
tional surgery (13). Most reported series of minimally
invasive neck surgery show a rate of recurrent nerve
palsies of<1% (14,15), which compares favorably with
the results of the most important series of conventional
techniques reported over the last 10 years (16,17).

An important issue when dealing with parathyroid
surgery for HPT is the risk of persistent and recurrent
disease. Miccoli reported 1.6% persistent disease in a
series of 200 patients undergoing videoassisted para-
thyroidectomy (13). Other series of endoscopic proce-
dures also show overall cure rates comparable to stan-
dard bilateral open exploration (17,18), possibly due to
the use of intraoperative use of PTH, which has been
shown to minimize the number of persistent PHPT.
Since persistence of disease is not increased by mini-
mally invasive techniques, it seems reasonable to ex-
pect that long-term recurrences will not be increased
either.

Postoperative hypocalcemia is a well-known risk of
parathyroidectomy. Reported rates of postoperative
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symptomatic hypocalcemia after minimally invasive
parathyroidectomy can be as low as 4–6% (13,18). This
apparently lower risk of developing postoperative hypo-
calcemia after minimally invasive procedures may be
due to the lesser extent of dissection or a less invasive
approach to the parathyroid gland, avoiding any gland
biopsy.

Sustained supraventricular tachycardia, subcutane-
ous emphysema, and increased levels of arterial CO2

and acidosis have been regarded as specific compli-
cations of the pure endoscopic technique (19). Severe
acidosis and hypercapnia may theoretically have a
negative inotropic effect on myocardial cells (20) and
produce a decrease in peripheral vascular resistance.
Despite this potential risk, most recently published clin-
ical series (21,22) have not reported these complications.
The use of a lower CO2 insufflation level with respect to
the early reports may explain this. Our experiments in a
large animal model suggest that insufflation of CO2 at
15 and 20 mmHg may cause significant increase in cen-
tral venous pressure as well as increased values of intra-
cranial pressure. Insufflation pressure up to 10 mmHg
does not cause significant changes in intracranial pres-
sure levels or significant hemodynamic alterations
(23,24).

Subcutaneous emphysema has been reported to fol-
low gas insufflation for endoscopic neck surgery (19). In
our experience, it seems to be caused by both high levels
of insufflation pressure and the modality of initial dis-
section. It may also caused by the development of pneu-
momediastinum. Subcutaneous emphysema might play
an important role in the mechanism of production of
hypercarbia because it increases the total gas exchange
area.

Reducing the level of insufflation pressure may re-
duce the passage of gas in the subcutaneous tissue. The
creation of a working space below the strap muscle may
also thicken the anatomical barrier to absorption of
CO2 in the subcutaneous tissue.

5.3 Advantages

Demonstrating the advantages of minimally invasive
techniques for parathyroid surgery is not easy. Unlike
abdominal operations, conventional procedures for
surgery of the neck are generally associated with very
low morbidity, almost zero mortality, and early dis-
charge from the hospital, often allowing for ‘‘same-day
surgery’’ or performance of surgery under local anes-
thesia. It is difficult to challenge these results with a new
technique and more difficult to document that the new

one is advantageous. Furthermore, most advantages of
the minimally invasive neck approach consist of sub-
jective aspects, such as satisfaction with the scar and
level of postoperative distress, which are difficult to
measure and use reliably as an endpoint in comparative
studies.

Nevertheless, one prospective randomized study
demonstrated that video-assisted parathyroidectomy
results in significantly better cosmesis and decreased
postoperative pain (25). Another randomized study re-
ported similar results for video-assisted thyroidectomy
(26). Pure endoscopic thyroidectomy has been also as-
sociated with earlier return to work (22).

Minimally invasive neck surgery has other potential
advantages. The magnification provided by the endo-
scope improves visualization of anatomical details that
may theoretically result in decreased incidence of inju-
ries (27). However, due to the low incidence of morbid-
ity with conventional techniques, this hypothesis needs
much larger series to be tested and verified.

The pure endoscopic technique for parathyroidec-
tomy seems to be more time consuming than either the
conventional approach and the video-assisted gasless
technique. The longer operative time represents, at
present, the most important drawback of endoscopic
parathyroidectomy. It is, however, reasonable to expect
that, with more experience and dedicated surgical in-
struments, endoscopic parathyroidectomy may become
easier and faster. Increased experience with endoscopic
parathyroidectomy should make surgeons more confi-
dent about using this approach, and such confidence
could extend beyond the performance of parathyroid
and thyroid surgery. The endoscopic approach, in fact,
allows a wider exposure of cervical structures than
video-assisted gasless techniques, as these are more tar-
geted on the parathyroid and thyroid gland. The insuf-
flation of the neck with CO2 creates a larger working
cavity in which structures can be identified without dis-
tortion due to mechanic retraction. The lack of a fixed
angle of view, as in the video-assisted techniques, also
makes it possible to follow anatomical landmarks which
can be dissected when needed. For this reason, the pure
endoscopic approach lends itself better than other min-
imally invasive techniques to other operations, such as
for cervical spine and carotid artery surgery, whose
feasibility we have recently reported in an experimental
model (28,29).

There is no doubt that future technological develop-
ments, in particular the availability of dedicated instru-
ments of small diameter and appropriate length, can
dramatically improve the technique of endoscopic para-
thyroidectomy.
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6 CONCLUSIONS

The results of published experimental studies and clin-
ical series provide evidence that endoscopic para-
thyroidectomy is feasible and safe. This minimally in-
vasive approach has better cosmetic results and the
potential to decrease morbidity and allow earlier re-
turn to work activity. Larger experience and compara-
tive studies are needed to assess its specific role in the
management of parathyroid diseases. Technical dif-
ficulties may be overcome as experience increases and
specific instrumentation becomes available. Experi-
ence in preoperative management of hyperparathy-
roidism and detailed knowledge of cervical anatomy
remain the key for successful treatment of primary
hyperparathyroidism.
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Video-Assisted Parathyroidectomy in the Management of Patients
with Primary Hyperparathyroidism

Jean François Henry and Frédéric Sebag

Hôpital de la Timone, Marseille, France

1 INTRODUCTION

In 1925, Felix Mandel of Vienna published the first
successful case of parathyroidectomy (1). The following
three decades have been marked by a rapid worldwide
acceptance of this procedure by most surgeons, because
specific steps of the procedure have been well described.
Presently, during the first intervention for primary
hyperparathyroidism, an endocrine surgeon can assure
his or her patient of a successfull outcome in more than
95% of cases when all four glands are explored through
a transverse cervicotomy (2). Failures have been ob-
served in patients with multiglandular disease, super-
numerary glands, major ectopia, or exceptionally a rare
carcinoma. Not only can we expect no mortality and a
very low morbidity from this surgery, but also a short
hospital stay of less than 48 hours, with an excellent
cosmetic outcome in most patients.

We have recently seen the appearance of several new
techniques for parathyroidectomy: the unilateral ap-
proach (3–5), radioguided surgery (6,7), openminimally
invasive techniques (mini-incision with or without local
anesthesia) (8–10), and minimally invasive video-assis-
ted or fully endoscopic (11–21). The common threads
among these techniques are (a) they all have a limited
incision when compared to classic open transverse cer-
vical incision, and (b) the surgery is targeted on one spe-
cific parathyroid gland. In most cases the exploration of
other glands is not performed or is limited. These con-

ceivable minimally invasive interventions are success-
fuly performed for three main reasons. First, the
available imaging techniques permit us to localize with
precision most adenomas to be excised. Second, the use
of rapid intraoperative parathyroid hormone (PTH) as-
say (rPTH) can confirm the succesful extirpation of the
diseased gland, obviating exploring others. Finally, new
instrumentation and miniaturized cameras have been
adapted for this kind of surgery. Let us add also that
parathyroidectomy performed with minimally invasive
techniques is well suited because of the lack of elabo-
rate surgical reconstruction, where suturing would be
needed, whereas only simple removal of a small benign
tumor is necessary. Also, patients reluctant to have a
visible scar in the neck prefer this technique. Since 1998
we have proposed a video-assisted parathyroidectomy
(VAP) technique to some of our patients with primary
hyperparathyroidism.

2 PATIENTS AND METHODS

During a 5-year period (1998–2002) we operated on 528
patients with primary hyperparathyroidism in the divi-
sion of endocrine surgery at Hopital de la Timone in
Marseille. Major contraindications included the pres-
ence of a large goiter or previous thyroid/parathyroid
surgery. All cases of sporadic primary hyperparathy-
roidism had a cervical ultrasonography and a MIBI
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scan performed preoperatively to confirm the solitary
character of the lesion. Two video-assisted approaches
were used: lateral (22) and central (23).

3 TECHNIQUE

For video-assisted parathyroidectomy using the lateral
approach, the endoscopic instrumentation is as follows:
one 10–12 mm trocars and two 2.5 mm trocars; a 2 mm
guide stick on which the 2.5 mm trocars can be adapted;
and various 2 mm instruments (grasper, dissector, scis-
sors, palpator, canula for suction). These instruments
measure 25 cm in length. Endoscopic visualization is
performed with a 10 mm 0j endoscope (Fig. 1).

All three trocars are positioned on the line of the
anterior border of the sternocleidomastoid muscle
(SCM). The procedure is performed in three steps: the
procedure starts open (Fig. 2). A 15 mm transverse skin
incision is made on the anterior border of the SCM, just
caudad to the cricoid cartilage. Dissection should start
in the plane between the anterior border of the SCMand
the posterior border of the strap muscles, just below the
omohyoid muscle. Then the fascia connecting the pos-
terior aspect of the thyroid lobe to the carotid sheath is
gently divided with scissors far enough to visualize the
prevertebral fascia. In order to enlarge the working
area, one or two small humid swabs are stuffed, upward
and downward, deeply into the initially created space.
This blind maneuver allows a surprisingly quick, effi-
cient, and bloodless exposure of the operative field.

The transparietal path of the 2.5 mm trocar is made
through the incision, from the inside to the outside,

using a guide stick. The pathway of the guide stick must
follow the anterior border of the SCM. Then the 2.5mm
trocars are adapted to the guide stick, to be put into
place in the initially created space (Fig. 3).

A purse-string suture is placed around the 15 mm
transverse skin incision. It will prevent both gas leakage
and the 10 mm trocar from slipping out of the wound.
The purse-string suture is tightened around the trocar,
into which is inserted a 10 mm 0j endoscopic camera.
Carbon dioxide is insufflated to 8 mmHg. The assistant
takes care of the endoscope and the surgeon works
through the other two trocars (Fig. 4).

The second step of the operation is the endoscopic
exploration. Immediately after introducing the endo-
scope and with a minimum of dissection, all anatomial
structures can be easily identified. The recurrent laryn-
geal nerve should be searched for first (Fig. 5). If pos-
sible, the ipsilateral gland should also be checked
(Fig. 6). During this endoscopic dissection, ligatures
or clip applications are not necessary. The adenoma is
progressively dissected from adjacent structures and
more particularly from the recurrent laryngeal nerve
(Fig. 7).When its pedicle is isolated, it is not necessary to
continue the endoscopic dissection.

After removing the three trocars, the third step of the
procedure is performed, again openly. Directly through
the largest trocar site, the thyroid lobe is retracted me-
dially and anteriorly. The adenoma is visualized and
its pedicle can be ligated or clipped without any diffi-
culty. The adenoma is extracted from the neck directly
through the incision (Fig. 8). There is no need to place it
in a sterile plasic bag. Draining is not necessary. This
approach, initially proposed to all patients, has now
been used principally for adenomas located behind the
thyroid lobe.

The central approach is now reserved for adenomas
localized much inferiorly near the thymus from a 15mm
transverse incision in the suprasternal notch. Through
this incision, conventional instruments like retractors
and dissectors are used to isolate the inferior parathy-
roid glands under the strap muscles, with video-assisted
images of an endoscope (5 mm, 0j or 30j) in the inci-
sion. All maneuvers are therefore performed openly
without the need of gas insufflation. This dissection is
anterior to the trachea,mostly in the thymus and thyreo-
thymic ligaments, and does not necessitate identifica-
tion of the recurrent laryngeal nerve, which is posterior.

A rapid PTH assay was used to confirm a succesfull
VAP on all patients. Blood was drawn at the time of
intubation, first skin incision, adenoma extraction,
and 5–15 minutes after extirpation. The highest pre-
excision level of rPTH falling more than 50% was con-Figure 2 Space creation between the carotid sheath.
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sidered significant. Other biochemical tests performed
included serum calcium, serum phosphorus, and se-
rum PTH on the first postoperative day, 1 week, and 1
year later. Vocal cord mobility was also assessed pre-
and postoperatively.

4 RESULTS

Of the 528 surgical patients, 228 (43%) had a conven-
tional open approach and 300 (57%) a video-assisted
technique. Patients who underwent an open approach
had some contraindications to a minimally invasive ap-
proach: mostly a large multinodular goiter that needed
an associated thyroidectomy in 99 cases, previous cer-
vical surgery in 42 cases, suspicion of multiglandular
disease in 25 cases, inconclusive localizing studies in 48
cases, and other reasons in 14 cases (Table 1).

VAP was performed in 300 patients (233 women and
67 men) with a median age of 60 years. All of these
patients had a sporadic primary hyperparathyroidism,

Figure 3 Trocar positions (2.5 mm).

Table 1 Contraindications to Video-Asssisted
Parathyroidectomies in 228 Primary

Hyperparathyroidisms

Associated multiglandular goiter 99
Previous cervical surgery 42
Inconclusive preop localization 48

Suspicion of multiglandular disease 25
Acute hyperparathyroidism 4
Too large lesion 4

Local anesthesia 3
Major ectopia 2
Cervical hematoma 1
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removed by lateral approach most frequently in 282
cases or by a central approach in 17 cases. One interest-
ing case was operated by thoracoscopy for a very lowly
located adenoma in the anterior mediastinum, which we
knew would be impossible to reach from a low trans-
verse neck incision. Of the 17 patients who had a central
approach, 2 had an associated lobar thyroidectomy.

The median operative time recorded was 50 minutes
(20–130), which has been lowered to 41 minutes in the
last 100 cases. Recurrent laryngeal nerves were identi-
fied in 94.6% of cases, as was the ipsilateral parathyroid
gland in 63.8% of cases when a lateral approach was
used. A bilateral approach was needed in 5 patients due
to false-negative imaging studies (4 cases) or the pres-
ence of a double adenoma (1 case).

We were obliged to perform 10 conversions to open
surgery (and one case converted to a bilateral video-
assisted technique) due to multiglandular disease that
was not detected by preoperative imaging (4 double
adenomas and 7 hyperplasias). Among those 289 single
lesions, the average weight recorded was 1087 mg
(range : 100–7080 mg); 4 adenomas were atypical and
3 were malignant. Actually, the latest pathologies de-
scribed needed conversions in 5 cases and reoperation
by an open approach 3 months later in 1 case. Also, 42
patients (14%) had a conversion to open surgery (via a
transverse cervicotomy) (Table 2). Causes for conver-
sion included none found after 2-hour search (11 cases),
large adenoma taking most of the working space (7
cases), false-positive imaging studies (11 cases), and
inadequate fall of rapid PTH assay (13 cases). Interest-
ingly, 10 of those 13 patients had a multiglandular
disease during open conversion and 3 had a false-
negative rapid PTH assay. Postoperative morbidity
included permanent recurrent laryngeal nerve damage
in one patient, two hematomas in the sternocleidomas-
toid muscle, and five capsular tears necessitating a

conversion. These capsular disruptions are believed to
occur in large and fragile adenomas weighing on aver-
age 4200 mg (range : 750–6800 mg). There was no
mortality, and most patients are discharged without
morbidity from the hospital the next day. Two patients
were left with hypercalcemia—one after ablation of a
280 mg adenoma [calcium : 2.75 mmol/L (N: 2.20–2.60)
and PTH: 12 pg/mL (N: 10–55)] and the other after
ablation of a 450 mg adenoma (calcium: 2.78 mmol/L;
PTH: 60 pg/mL). Persistent hyperparathyroidism is
suspected in the first patient; another cause of hyper-
calcemia is likely in the second patient. With a median
follow-up of 20.5 months, one of 150 patients had re-
current hypercalcemia (Calcium: 2.68 mmol/L; PTH:
64 pg/mL) after removal of a 600 mg adenoma, where
for 15 months she had normal serum calcium levels.

5 DISCUSSION

We find it appropriate to cluster all interventions of
parathyroid glands where the surgeon is using an endo-
scope, either during the full intervention or part of it,
under the term ‘‘endoscopic parathyroidectomy or
video-assisted technique.’’ The first application of the
endoscope in parathyroid surgery was described for the
removal of mediastinal parathyroid adenomas by tho-
racoscopy (24). In these rare cases of major ectopia, the
advantages to the patient are irrefutable. However, the
same advantages are more difficult to demonstrate for
all cervical approaches. Two studies comparing conven-
tional parathyroid surgery to endoscopic techniqes have
clearly shown a diminution of postoperative pain and
better cosmetic results with endoscopic techniques
(25,26) (Fig. 9). Those results await confirmation by
randomized studies, and their use in parathyroidectomy
remains controversial.

From our own experience, we judge the use of endo-
scopic techniques superior because they provide a
greater and better surgical image, with magnification
of all anatomical structures normally encountered in
conventional open surgery. It is probably more difficult
to get an adequate view of structures through mini-inci-
sions that do not use an endoscope, and it is our belief
that optimal conditions for exploration are notmet even
if those surgeons use frontal lamps and surgical loops.

We found a permanent recurrent laryngeal nerve
injury, which of course we deplore, and think is mech-
anism of injury was probably due to damage during the
extraction process. As the nerve was properly identified
during the earlier dissection surrounding the adenoma,
but not the pedicle, the accident must have occurred

Table 2 Causes for Conversions in 42

Cases from 300 Video-Assisted
Parathyroidectomies

Adenomas not found 11
Difficult dissections 7

Multiglandular disease 10a

False-negative rPTH 3
False-positive MIBI 10

False-positive U/S 1

RPTH: rapid parathyroid hormone assay;

MIBI: methyl-iodo-benzyl iguanine nuclear

scan; U/S: cervical ultrasonography.
aDiagnosed by rPTH.
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during the open part of the operation through the mini-
incision, where the pedicle is ligated.

According to our experience, not all patients present-
ing with primary hyperparathyroidism are candidates
for this surgery. Contraindications are mainly due to a
large goiter, previous surgery in the parathyroid vicin-
ity, suspicious multiglandular disease, and equivocal
preoperative localizating studies. Depending upon the
operator’s experience and according to the specific
technique utilized, these contraindications can become
relative. The central approach appears to be the best one
for cases where a bilateral exploration is anticipated or if
localization is uncertain. According to certain authors,
more than 60% of patients with primary hyperpara-
thyroidism are candidates for video-assisted parathy-
roidectomy (27,28).

Occasionally one can performed a video-assisted
technique by lateral approach in patients who had a
previous low transverse neck incision. In this series, 7
patients were operated without difficulties: 5 after pre-
vious thyroid operations on the contralateral side and 2
after previous tracheostomy. Large adenomas (>3 cm)
should not be considered an absolute contraindication,
especially if situated in the postero-superior mediasti-
num. The pedicle is easily dissected at the level of the
inferior thyroid artery, and their shape is amenable to
expeditious extraction. With limited experience, some
surgeons can encounter major difficulties while dissect-
ing voluminous adenomas, whichmay lead to a capsular
rupture and local seeding of parathyroid adenomatous
cells. When this happens, we suggest a conversion. In
the five cases where this occurred, we have seen no signs
of reccurence, and we continue to follow these patients
closely for any signs.

Absolute contraindications remain the presence of a
carcinomatous parathyroid gland and/or a voluminous
goiter, nomatter the experience of the surgeon or type of
endoscopic technique employed.

The percentage of patients with a proper indication
for VAP has not changed through the years: it was
56.7% for our first 166 cases (29), and is now 57%.

The lateral approach is the procedure of choice in
most cases because it provides the best access to the pos-
terior aspect of the ipsilateral thyroid lobe. The working
space is easily createdwithminimal dissection andmain-
tained with low CO2 pressure at 8 mmHg. We have not
seen subcutaneous emphysema or pneumomediasti-
num. The lateral approach also permits a complete
exploration of all anatomical elements present in this
retro-thyroidal area from the superior pedicle to the
postero-superior mediastinum. It is therefore applicable
in all cases where the parathyroid lesion is located pos-

teriorly, meaning superior parathyroid glands, since
their enlargement pushes them to migrate posteriorly
and slides along the prevertebral plane next to the lateral
esophageal border. The lateral approach is also ideal for
inferior parathyroid glands located posterior to the
inferior poles of the thyroid lobe. It is in these cases
that they become intimate with the recurrent laryngeal
nerve. The lateral view permits an easy identification of
the nerve abutting the adenoma, and therefore allows a
secure dissection.

However, for inferior peri-thymic locations, we tend
to prefer the central approach. Because of their anterior
locations, one can easlily reach them with a supra-
strenal insicion, between the superficial muscles. Early
in our experience, for glands situated near the thymus,
we have experienced the lateral approach. In 6 out of 11
attempts we had to convert because we could not find
the adenoma.

The surgeon is dependent upon the quality of pre-
operative imaging tomake a judicious choice for a VAP.
Once contraindications have been eliminated, all pa-
tients with sporadic primary hyperparathyroidism are
considered candidates for this approach. The choices
between approaches is dependent on the quality and
adequate interpretation of preoperative imaging stud-
ies. For example, if the cervical ultrasonography and the
nuclear scan do not correlate with a unique lesion at the
same site, we recommend a traditional open cervical
transverse incision. However, if the lesion is unique and
confirmed by both studies, then depending on a poste-
rior or anterior location and superior or inferior site, we
will choose a central or lateral approach.

In this cohort of 300 patients with VAP, the sensi-
tivity of cervical ultrasonography was determined to be
60.2% and forMIBI nuclear scan 89.3%.We know that
ultrasonographic results are operator dependent and
that MIBI scanning was a strong condition for a suc-
cessful VAP and therefore could explain some skewed
results from a predetermined process. When a global
analysis of imaging is done, we find that 21 of 42 con-
versions were caused by erroneous imaging results: 10
multiglandular disease undetected, 10 false-positive
MIBI scans, and 1 false-positive ultrasound (table 2).
The risk of multiglandularity is nearly zero when both
studies are positive for the same lesion site. This has
been found to be 3.6% when only one exploration is
positive versus 31.6% when both are negative. Even if
the risk is low, we think that the use of intraoperative
rPTH is justified. We had 11 cases of nonsuspected
multiglandular disease which were correctly identified
by an absence of the typical decrease in rPTH after one
gland ablation. However, one of our patients has a per-
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sistent primary hyperparathyroidism, and we also sus-
pect a recurrent disease in another case. In two cases we
saw an adequate 50% fall in the rate of rPTH. We have
found that interpretation of rPTH is not always evident,
especially when one deals with moderate renal insuffi-
ciency. Three of our conversions have been in cases with
a false-negative rate of rPTH,where normal glands were
found on open exploration with normal recovering
levels of PTH in the immediate postoperative period.

Unfortunately, we cannot compare results of those
operated with an open technique with those of a VAP
because they have been performed in different patients.
However, we know that our results have been similar to
our previous series of conventional traditional open
pararthyroidectomies before the arrival of minimally
invasive techniques (30). It is still too soon to evaluate
the recurrence rate of these new techniques, which must
be compared with an already very low, practically
nonexistent rate of recurrent primary hyparparathy-
roidism following open surgery for a solitary lesion.

6 CONCLUSION

Contrary to open surgery, where the surgeon alone can
be successful in more than 95% of cases, the video-
assisted surgeon must depend on multiple technologies
like special surgical instruments, rapid PTH assay intra-
operatively, and preoperative specialized imaging. A
cost analysis was not performed but must be part of a
future prospective evaluation.

Among many minimally invasive techniques applied
to parathyroidectomy, the video-assisted technique has
the main advantage of offering a magnified view that
permits a precise and careful dissection with minimal
risks. In more than 50% of patients we are able to
propose this new technique for primary hyperparathy-
roidism. In our experience, VAP and open surgery are
complementary techniques.

If proper selection of patients is observed, the final
results of video-assisted parathyroidectomy should
equal those of conventional open surgery. A longer
follow-up is needed before one can evaluate the real
risk of recurrent or persistent hyperparathyroidism
following video-assisted techniques.
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Adrenocortical Function and Adrenal Insufficiency

J. Lester Gabrilove
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1 EMBRYOLOGY

The adrenal cortex and gonads arise in common from
the urogenital ridge and share a common pathway to
androgen and estrogen. Except in virilizing and femi-
nizing disorders of the adrenal cortex, the androgen-
estrogen pathway in the adrenal cortex plays a minor
role compared to that in the ovary or testis. The
dominant function of the adrenal cortex is the biosyn-
thesis of cortisol and aldosterone.

2 HORMONE SYNTHESIS

The basic building block of adrenal steroid synthesis is
cholesterol, which in large measure is brought to the
adrenal via a hematogenous route. Following cleavage
of the side chain of cholesterol, the steroid nucleus is
available for the formation of the adrenal steroids.
There are three pathways of hormone synthesis in the
adrenal cortex: (1) to androgen and estrogen, (2) to
cortisol, and (3) to aldosterone (1). The adrenal cortex
possesses a unique ability to 21-hydroxylate the ste-
roid nucleus, a prerequisite in the aldosterone and
cortisol synthetic pathways. The cortisol pathway
requires subsequent 17- and 11-h-hydroxylation,
whereas the aldosterone pathway requires only 11-h-
hydroxylation and the introduction of an aldehyde
group at the C-18 position (Fig. 1).

3 HISTOLOGY

The adrenal cortex consists of three layers: (1) the zona
glomerulosa, the site of aldosterone synthesis, (2) the
zona fasciculata where cortisol is produced, and (3) the
zona reticularis, the reserve area and probable site of
formation of androgens and estrogens.

4 PHYSIOLOGY

The adrenal cortex is primarily regulated by the se-
cretion of corticotropin (ACTH) from the adenohy-
pophysis, and, in turn, the hypophyseal secretion of
corticotropin is controlled by corticotropin-releasing
hormone (CRH) from the hypothalamus. Excess secre-
tion of ACTH results in hypertrophy of the zona
fasciculata and induces an increase in the secretion of
cortisol. This is accompanied by minor increases in the
production of aldosterone and the sex hormones, the
latter presumably from the overflow of precursor ste-
roids in the cortisol pathway. In turn, the excessive
production of cortisol by the adrenal cortex suppresses
CRH and, secondarily, ACTH secretion and its con-
sequent effect on the adrenal cortex.

The mechanism of control of androgen and estro-
gen secretion by the adrenal cortex is not well under-
stood. However, androgen production by the adre-
nal is increased at the time of puberty (adrenarche)
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and is also increased in the presence of congenital
adrenal hyperplasia associated with enzymatic defects
in the steroid pathways. For example, 21-hydroxylase
deficiency results in decreased cortisol secretion,
which accelerates ACTH formation, resulting in ex-
cess steroid precursors driven mostly into the andro-
gen pathway. In the presence of severe 21-hydroxylase
blockade, the flow into the aldosterone pathway is
also restricted.

Aldosterone secretion is primarily controlled by the
renin-angiotensin system and the serum concentration
of potassium.

4.1 Metabolic Effects of Adrenocortical Steroids

Excess cortisol acts as an antianabolic or catabolic
agent. Protein wasting leads to a decrease in collagen
production and to thinning of the skin. Decrease in
osteoid formation results in osteoporosis and frac-
tures. The excessive cortisol production also interferes
with carbohydrate metabolism with ensuing impaired
glucose tolerance or overt diabetes mellitus. Another
significant effect of excessive cortisol production is
suppression of immune function. Aldosterone regu-
lates sodium-potassium homeostasis by the kidney. In
the presence of sodium deprivation, renin is secreted
by the juxtaglomerular apparatus of the kidney. It
then cleaves angiotensinogen to produce angiotensin
1. The latter is in turn converted in the lung to angio-
tensin 2, and further cleavage results in angiotensin 3.
Angiotensin 2 is the potent force driving aldosterone
production by the adrenal cortex. Aldosterone acts on
the distal convoluted tubule to retain sodium in ex-
change for potassium. This signals the juxtaglomerular
apparatus to decrease renin production. Advantage is
taken of this in the diagnosis of primary aldoste-
ronism by the finding of a high serum aldosterone
following a high-sodium diet and a low serum renin
activity following a low-sodium diet. The ratio of
plasma aldosterone to plasma renin activity is often
employed in the diagnosis of primary aldosteronism,
especially if it is greater than 50. The physiological
effects of androgen and estrogen are well recognized
and need not be detailed. They are manifested at pu-
berty in the sexual development seen following secre-
tion of these compounds by the ovary or testis. As
mentioned, the adrenal elaboration of these hormones
is ordinarily minimal, but it is significant in virilizing
or feminizing tumors of the adrenal cortex or in con-
genital adrenal hyperplasia.

5 CLINICAL SYNDROMES

5.1 Hyperfunction

Hyperfunctioning syndromes of the adrenal cortex are
seen in association with either tumor or hyperplasia.
Overproduction of cortisol results in Cushing’s syn-
drome. This is far more commonly the result of a
corticotropin-secreting tumor of the adenohypophysis
and less frequently due to an adrenal adenoma or
carcinoma. Even more uncommon are ectopic ACTH-
secreting tumors, which are usually carcinoids in the
lung, pancreas, or thymus. On rare occasions an ectopic
ACTH-secreting tumor is seen in association with a
pheochromocytoma. Other less common causes of
Cushing’s syndrome are autonomous micronodular or
macronodular hyperplasia. CRH secreting tumors are
exceedingly rare.

Overproduction of aldosterone results from either a
small adrenocortical tumor or hyperplasia. The prima-
ry cause of hyperplasia is unknown. The differentiation
of tumor from hyperplasia is usually accomplished by
computed tomography (CT), magnetic resonance imag-
ing (MRI), or ultrasound imaging or less frequently by
selective adrenal vein sampling or iodocholesterol nu-
clear scanning.

The virilizing and feminizing syndromes caused by
adrenocortical tumors have been well described (2,3).
Virilization and, far less frequently, feminization are
also seen in congenital adrenocortical hyperplasia due
to congenital enzymatic defects in the adrenal biosyn-
thetic pathway to cortisol. In these latter disorders,
particularly in 21-hydroxylase deficiency, concomitant
excessive production of androgens ensues. Acquired
nontumorous syndromes of adrenal virilism or femi-
nism are rare.

5.2 Hypofunction

Unrecognized adrenocortical insufficiency is of partic-
ular importance to the surgeon, as failure of recogni-
tion in a patient undergoing surgery may lead to fatal
shock. Adrenal insufficiency may be either of primary
(Addison’s disease) or secondary (pituitary) etiology.
Primary adrenal insufficiency results from destruction
or atrophy of the adrenal. In the past, Addison’s dis-
ease was in large measure due to tuberculosis, but in
more recent times autoimmune atrophy has become
the most common cause. Other less common causes
include human immunodeficiency virus (HIV) infec-
tion, amyloid, metastatic carcinoma, fungal infection,
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meningitis, and hemorrhagic disorders resulting from
shock or excessive anticoagulation. Adrenal cortical
insufficiency is also encountered in the untreated
patient with congenital adrenocortical hyperplasia,
particularly of the 21-hydroxylase variety. Some less
common forms of adrenal insufficiency, particularly in
the pediatric age group, have been described (4).

5.2.1 Clinical Manifestations of Adrenocortical
Insufficiency

The symptoms and signs of primary adrenal insuffi-
ciency include marked asthenia and fatigue, pigmen-
tation of the skin, mucous membranes and scars,
weight loss, gastrointestinal symptoms, and hypoten-
sion (Table 1). The serum sodium may be low, as
sodium wasting is part of this disorder. However, the
use of sodium withdrawal as a diagnostic test is no
longer employed. The diagnosis is based on finding a
low serum cortisol or, more definitively, a failure of
the serum cortisol to rise significantly following the
administration of the ACTH analog cosyntropin. De-
bate is still ongoing as to whether a low dose (1 Ag)
or a high dose (250 Ag) is preferable. A normal re-
sponse is a rise in the serum cortisol to above 20 Ag/
dL at the end of 30–60 minutes. The use of adrenal
antibodies to establish the autoimmune etiology of
the insufficiency may be employed as well. Other com-
monly employed diagnostic tools include a tine test to

exclude tuberculosis and CT of the adrenals to delin-
eate their size and characteristics.

5.2.2 Secondary Adrenal Insufficiency

Secondary adrenal insufficiency is seen in association
with destructive lesions of the adenohypophysis such as
pituitary tumors, craniopharyngiomas, and Sheehan’s
syndrome. This form of adrenal insufficiency is also
encountered in patients with suppression of adrenal
function secondary to long-term glucocorticoid ad-
ministration or following the removal of a glucocorti-
coid-secreting adrenal adenoma or carcinoma. When
the basic defect is in the hypothalamus and CRH is no
longer produced, the term tertiary adrenal insufficiency
may be used.

In patients with secondary adrenal insufficiency,
there is a lack of pigmentation and the plasma ACTH
concentration level is low. In contrast, a high serum
level of ACTH is seen in primary adrenal insufficiency
and is usually associated with abnormal pigmentation.
The serum sodium is usually maintained in secondary
adrenal insufficiency except in the face of marked salt
deprivation. The adrenal usually responds to the admin-
istration of ACTH unless the pituitary hypofunction is
of long duration.

The symptoms of adrenal insufficiency may be sub-
tle, and the diagnosis may be first considered when a
patient goes into shock following a surgical procedure
or in the presence of minor or major infection. The
shock is unresponsive to the usual methods of treat-
ment and responds only to the administration of a glu-
cocorticoid.

5.2.3 Treatment

In general, treatment of adrenal insufficiency consists of
the administration both of a salt-retaining steroid and a
glucocorticoid. If the patient is in adrenal crisis, usually
provoked by surgery or infection, large doses of a glu-
cocorticoid are given parenterally in dosages of up to
300 mg of cortisol a day. If infection is suspected, anti-
biotic therapy is also warranted. The patient is weaned
from the cortisol to a maintenance dosage as the con-
dition improves. In the maintenance phase, treatment
consists of fludrocortisone in a dosage of 0.1–0.2 mg/
day and cortisol in a dosage of 12.5–37.5 mg/day.

Doses of cortisol exceeding 15 mg/day provide suf-
ficient sodium-retaining ability to obviate the need for
fludrocortisone, whereas equivalent doses of dexame-
thasone and prednisone require the additional use of a

Table 1 Clinical and Laboratory
Findings in Primary Adrenal Insufficiency

Weakness
Fatigue
Pigmentation and vitiligo
Weight loss

Hypotension
Shocka

Nausea and vomitinga

Flank pain (due to hemorrhage)
Fevera

Psychiatric manifestations (e.g., anorexia)

Hyponatremia
Hyperkalemia
Azotemia

Low serum cortisol
Lack of response to ACTH

a In the presence of crisis.
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salt-retaining hormone. The administration of intra-
venous isotonic saline is usually warranted depending
on the state of hydration and sodium depletion (Fig. 1.).
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1 INTRODUCTION

Nowhere in the human body is the intimate relationship
that exists between the nervous system and the endo-
crine system more apparent than in the connection be-
tween the sympathetic nervous system itself and the
adrenal medulla (the sympathoadrenal system). This
concept was postulated as early as Aristotle’s time, with
the term ‘‘neurohumor’’ (a word demonstrating the in-
volvement of both systems) used to describe substances
released by a system for use at a distant site. Even today
this definition can be superficially used to describe the
regulation of homeostasis by the catecholamine neuro-
transmitters (1). The sympathetic nervous system allows
for rapid adjustment to change by elaboration of the
transmitter, which acts quickly at the site of release. On
the other hand, the substance secreted by the endocrine
system acts more slowly and at distant sites. Classically,
the three naturally occurring catecholamines in the
human subject that function as neurotransmitters for
major portions of the central and autonomic nervous
systems are norepinephrine (NE, noradrenaline, levar-
terenol), epinephrine (E, adrenaline), and dopamine
(DA). One would expect that these compounds would
participate in the metabolic changes associated with
innumerable pathophysiological situations. NE is the
transmitter released from postganglionic axons of the
sympathetic nervous system as well as from central ner-
vous system noradrenergic neurons. It exerts a direct
effect where it is released at the junctional cleft, while E

elaborated from the adrenal medulla affects sites far
distant from where it is secreted. Although it is postu-
lated that a peripheral dopaminergic system exists, it has
not been fully elucidated (2,3).

Since the chromaffin cells of the adrenal medulla and
neuronal cells of the sympathetic nervous system devel-
op together and are derived from the same neuroecto-
dermal cells in the embryo, it is not surprising that their
physiological functions, including the chemical struc-
tures of the hormones synthesized and stored in differ-
ent organs, are similar. In response to cortisol, the
precursor cells in the center of the gland differentiate.
Further differentiation occurs in response to nerve
growth factor producing sympathetic neurons. Sympa-
thetic ganglia differ from the adrenal medulla in that in
many species, including human beings, NE is secreted
preferentially in response to stimulation in the sympa-
thetic nervous system, whereas E is released in the me-
dulla. The adrenal gland itself in many mammalian
species is comprised of two distinct entities: the medulla,
surrounded by the much larger cortex. Although the
gland was first described in the sixteenth century, its
function was not elucidated until Addison’s research
(4). Studies since that time have shown that aberrations
in adrenal function are associated with many diseases
(5–8).

The adrenal medulla and the sympathetic nervous
system are innervated by pre-ganglionic sympathetic
nerves. The major outer portion of the adrenal, the
cortex, secretes steroid hormones, while the inner por-
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tion, the medulla, elaborates biologically active amines
called catecholamines. The nomenclature of the com-
pounds classified as catecholamines is derived from the
‘‘dihydroxy’’ modification of the aromatic phenyl ring
in their structure (Fig. 1). The terminology ‘‘chromaf-
fin’’ cells, which constitute the adrenal medullary tissue,
is used because the catecholamines contained in these
polyhedral structures can precipitate chromium salts.

The autonomic or involuntary nervous system is
comprised of nerves, ganglia, and plexuses, which are
widely distributed throughout the human body and
provide innervation to the heart, blood vessels, and
smooth muscles, where it regulates functions that occur
without conscious control. The autonomic nervous

system is divided into two parts: the sympathetic ner-
vous system (thoracolumbar outflow) and the para-
sympathetic nervous system (craniosacral outflow).
The sympathetic nervous system is widely distributed
throughout the body, whereas parasympathetic distri-
bution is limited to its proximate effector sites. Both
systems appear to exhibit opposing effects, which con-
tribute to the maintenance of homeostasis of the human
organism. The operation of the sympathetic nervous
system by its storage, release, and metabolism of NE
permits fine adjustments to be made in order to main-
tain a steady state. The amount of activity varies from
moment to moment in response to stresses placed on the
organism. This chapter will focus primarily on the syn-

Figure 1 Biosynthesis of catecholamines.
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thesis, actions, and degradation of the neurotransmit-
ters of the aforementioned system.

2 NEUROTRANSMITTER BIOSYNTHESIS

Nerves transmit their impulses and elicit responses in
target organs via the elaboration of specific chemical
compounds. By the early twentieth century it had been
conclusively established that catecholamines (sympa-
thin) were the primary mediators in the sympathetic
nervous system (9). Although the catecholamines are
still considered the principal neurotransmitters, recent
observations have suggested that synaptic transmission
may be mediated by release of more than a single
substance. These additional neurotransmitters may
include peptides (e.g., enkephalin, substance P, neuro-
peptide Y, VIP, somatostatin), purines (e.g., ATP,
adenosine) and small molecules (e.g., nitric oxide)
(10,11). In general terms, when a nerve impulse arrives
at the axonal terminal, it initiates a series of steps that
transmit the impulse across the neuroeffector junction
or junctional cleft. The neurotransmitter is released
from synaptic storage vesicles and combined with post-
junctional receptors, where an action potential is gen-
erated. After each impulse the transmitter itself is either
destroyed or dissipated by reuptake or simple diffusion.

The three bioactive amines, NE, E, and DA, are
derived from a common precursor, the dietary essential
amino acid phenylalanine (PA). E originates almost
entirely in the adrenal medulla, whereas NE is synthe-
sized in the central nervous system (CNS) as well as the
sympathetic postganglionic fibers. The function of DA,
which acts as a transmitter in the CNS, has a less clearly
defined role. The synthesis of the catecholamine trans-
mitters involves five enzymatic steps (Fig. 1). The
enzymes involved are localized in both the cytoplasm
and the vesicles of neural and chromaffin cells (12). All
the enzymes involved in this biosynthetic pathway have
been cloned and characterized (13). The resultant syn-
thesis of E or NE is dependent on the presence of phe-
nylethanol-N-methyl transferase (PNMT). Initially, PA
is hepatically converted into the neutral amino acid
tyrosine (T), which can also be directly ingested from
food. T is then hydroxylated further via tyrosine
hydroxylase (TH) to 3,4-dihydroxyphenylalanine
(DOPA). The enzyme TH is the product of a single,
multiple exonic gene (14). The hydroxylation of the
phenolic ring requires molecular oxygen, ferrous ion,
and reduced pteridine as co-factors and is the rate-
limiting step in this biosynthetic pathway (15). Other

neurotransmitters, including acetylcholine, released
from preganglionic neurons interact with receptors on
the postganglionic neurons and play an important part
in the regulation of this enzyme.

A subsequent enzymatic step promotes the conver-
sion of DOPA to DA via cytosolic dopamine decarbox-
ylase (DDC). Pyridoxal phosphate (vitamin B6) is the
cofactor required in this step. In the CNS, DA itself is
the neurotransmitter, and in certain neurons this is the
final biosynthetic step. This enzyme is expressed in
monoamine-producing neuronal cells and in thymic,
liver, and kidney cells. Approximately one half of the
DA is actually transported to dopamine-h-hydroxylase
(DBH)–containing storage vesicles, while the remain-
der is deaminated to 3,4-dihydroxyphenylacetic acid
(DOPAC) and subsequently O-methylated to homova-
nillic acid (HVA). In the sympathetic neurons as well as
in medullary cells, the next step that occurs involves the
conversion of DA to NE via DBH (16), a copper
containing enzyme.Molecular oxygen and ascorbic acid
are needed for this reaction to occur. Many other
phenylethylamines can serve as the substrate for this
oxidase, which employs both ascorbic acid and molec-
ular oxygen as proton donors. In sympathetic neurons
and approximately 20% of chromaffin cells, NE is the
final metabolic product. However, in the chromaffin
cells of the adrenal medulla and in the organ of Zuck-
erkandl, the cytosolic enzyme (PNMT) converts NE to
E. Smaller amounts of PNMThave also been isolated in
some CNS adrenergic neurons and other extra-adrenal
sources (17). Almost without exception, tumors that
secrete E arise in these sites. PNMT requires S-adeno-
sylmethionine (SAME) as a methyl donor and can
utilize many other phenylethanolamine derivatives as
substrates for this catalytic step.

3 STORAGE, RELEASE, AND METABOLISM

OF CATECHOLAMINES

Synthesized catecholamines are sequestered from the
cytosol and stored in osmophilic granules or vesicles
associated with adenosine triphosphate (ATP). These
membrane-limited organelles also contain DBH and
chromogranin A. The granules, isolated from tissue
from the adrenal medulla, splenic nerves, and CNS,
contain a ‘‘reserve pool’’ of E in the adrenalmedulla and
NE in the adrenergic fibers. The uptake of catechol-
amines into these sites is mediated by vesicular mono-
amine transporters, wherein the energy required results
from a proton (H+) gradientmaintained through aH+-
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ATPase system (18–20). The ratio of catecholamine to
ATP is 4:1 in adrenal medullary granules and 6–8:1 in
noradrenergic neuronal vesicles. Under physiological
conditions in the granules, the cationic (positively
charged) catecholamines react with the anionic (nega-
tively charged) phosphate groups. For every catechol-
amine molecule taken up, two protons are released. The
active transport mechanism is sodium dependent and
can be blocked by a number of drugs, including cocaine
and imipramine (21). This promotes the binding of the
catecholamines to chromogranin A to some extent. It is
in this way that the catecholamines are protected from
degradation by metabolic enzymes . Thus, the catechol-
amines remain in a reserve pool until there is a stimulus
to secrete them. Amultipool system exists in the vesicles
(or granules) wherein the large reserve pool exists in
equilibrium with smaller mobile pools within the cyto-
plasm (22).

The compartmentalization of these pools is very
significant for the regulation of the secretion of the
catecholamines, which is principally mediated by ace-
tylcholine. The storage of E and NE in their respective
pools prevents their leakage outside the cell. Release of
E in the adrenal medulla occurs by the liberation of
acetylcholine by preganglionic fibers via nicotinic recep-
tors, which causes a variation in the permeability for
calcium and other ions. The entrance of calcium ion into
the vesicle causes release of hormone. This secretion can
also be stimulated by histamine receptors, potassium
ion, bradykinin, and other neuromodulators (23,24).
The regulation of catecholamine secretion (a process
called ‘‘exocytosis’’) under physiological conditions
is very tightly controlled. Although the mechanisms
involved in exocytosis for the adrenergic system have
not been fully elucidated, it is known that the processes
of synthesis and reuptake allow NE output to be sus-
tained during prolonged stimulation. A significant por-
tion of the NE is released intraneuronally, ultimately ar-
rives at the circulation, and is catabolized to the amine-
oxidized byproducts vanillylmandelic acid (VMA)
and 3-methoxy-4-hydroxyphenylethylglycol (MHPG)
(Fig. 2). It is noteworthy that circulating catecholamines
are rapidly cleared extrarenally and have a very short
half-life (1–2 min). On the other hand, neural impulses
result in the quantal release of NE into the junctional
cleft, followed by receptor response and diffusion of
the transmitter to distant sites, to the local intraneuro-
nal storage granules (neuronal reuptake) or to the
enzymatic mechanisms responsible for biochemical deg-
radation of NE to its O-methylated congener normeta-
nephrine (NM). Neuronal reuptake is characterized by
its location at the pre-synaptic axonal membrane,

dependence on extracellular sodium, and inhibition by
pharmacological substances such as antidepressants
and cocaine. In much the same manner, the adrenal
medulla releases its humoral agent, E, into the general
circulation in response to specific preganglionic stimu-
lation or certain neurochemical phenomena such as
hypoglycemia. The state of the art concerning informa-
tion about storage of catecholamines has been obtained
from adrenergically innervated organs and adrenal
medullary tissue. Chromaffin granules are composed
of 21% dry weight of catecholamines, ascorbic acid,
ATP, chromogranins, DBH, and peptides (e.g., enke-
phalin and neuropeptide). In sympathetic nerve termi-
nals there are two types of vesicles: large dense core
(similar to chromaffin granules) and small dense core
vesicles. In the sympathetic neurons, the enzymes that
catalyze the synthesized NE are formed in the neuron
cell body and transported along the neuron to the
axon’s terminal, while the hydroxylation of T and
decarboxylation of DA occur in the cytoplasm. In the
adrenal medulla there exist two distinct catecholamine-
containing cell types: thosewithNE and those with E. In
the latter cells, which contain NE as well as the enzyme
PNMT, the synthesized NE diffuses out of the granules
and is methylated in the cytoplasm to E. E then reenters
the chromaffin granules, where it is stored until needed.
Any persistent stress on the system mobilizes the secre-
tion of both cortisol in the adrenal cortex andE from the
adrenal medulla. Three pathways that terminate the
actions of catecholamines govern their clearance from
the circulation: (1) a specific reuptake mechanism by the
sympathetic neurons, (2) dilution by diffusion out of the
junctional cleft terminals and nonspecific reuptake at
extraneuronal sites, and (3) degradation by peripheral
tissues followed by urinary excretion.

Catecholamines are metabolized in liver and kidneys
by two enzymes, monoamine oxidase (MAO) and cat-
echol-O-methyltransferase (COMT), to produce inac-
tive metabolites, which are renally cleared and mea-
sured in urine as free compounds or as conjugates of
glucuronide or sulfate (Fig. 2). In addition, phenol
sulfotransferases can metabolize catecholamines (25).
However, a preeminent degradative pathway such as
that which exists for acetylcholine is not present in the
adrenergic nervous system. Neurotransmitters that are
released within the nerve and terminated by entrance
into the circulation are metabolized by MAO and
COMT. Both enzymes are distributed widely in the
human body, with the highest concentrations existing
in the liver and kidneys. Interestingly, COMT is almost
completely absent from adrenergic neurons. COMT is
located primarily in cytoplasm, whereas MAO is prin-
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Figure 2 Metabolism of catecholamines.
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cipally in found on the outer surface of the mitochond-
rion. Two isoenzymes, MAO-A and MAO-B, exist in
widely varying portions within the cells and can be
inhibited very selectively by a variety of specific drugs
(26,27). As shown in Figure 2, the conjugation of
catecholamine byproducts as glucuronides and sulfates
is an important mode for inactivation of catecholamine
metabolites. Over 50% of the NE and E in biological
fluids is conjugated in this manner (28).

4 ADRENERGIC RECEPTORS

Essential to understanding the diverse physiological
role of the catecholamines themselves is knowledge of
the structure and function of receptors located in the
effector cells. The differing physiological effects of NE
andE ledAhlquist to propose the existence ofmore than
one type of receptor (29). For smooth muscle, where
processes such as excitation and relaxation were meas-
ured, the two types of structurally related receptors were
designated as a or h, depending on whether catechol-
amines produced excitatory or inhibitory responses
(30). The variety of hemodynamic and metabolic effects
produced by catecholamines are the result of their
occupancy of the adrenergic receptors on the surface
membrane of the target cell and the events that cascade
from this situation.

As more information was obtained, h receptors were
subclassified into h1, h2, and h3, dependent upon sensi-
tivity to the transmitters (31). The heterogeneity of a
receptors has also been appreciated. This group of
adrenergic receptors has also been subdivided into a1

and a2 receptors, which have been further subclassified
into a1A and a1B. Cloning has revealed further incom-
pletely characterized subtypes of adrenergic receptors
(32,33).

Although controlling different functions, all adre-
noreceptors appear to be comprised of closely related
proteins similar to receptors for other hormones that are
coupled to G-proteins (guanine nucleotide regulatory
proteins) (34). These proteins have characteristic fea-
tures, including seven membrane-spanning hydropho-
bic regions containing 20–28 amino acids each. These
domains are essential for determining ligand binding. In
addition, the binding of ligands (usually antagonists)
and the competition for these sites by agonists and
antagonists ‘‘in vitro’’ determine the characteristics of
the receptors. NE and E are mixed agonists interacting
with both a and h receptors to different extents. E
appears to be the more potent substance, which has a
greater affinity for receptors.

5 PHYSIOLOGICAL EFFECTS

OF CATECHOLAMINES

Different hemodynamic patterns emerge from the inter-
action of catecholamines with the heart and vasculature.
NE produces increases in both systolic and diastolic
blood pressure, which in turn limits the heart rate in-
crease. The elevated blood pressure stimulates the car-
otid and aortic baroreceptors, producing reflex brady-
cardia that overrides the direct cardioacceleration and
cardiac output perminute decreases. On the other hand,
E increases heart rate and cardiac output while causing
a rise in systolic but a decrease in diastolic blood
pressure. NE and E also increase myocardial excitation,
giving rise to extra systoles and occasionally to even
more serious cardiac arrhythmias. NE causes vasocon-
striction, whereas E dilates the blood vessels in the skel-
etal muscle and liver. E and NE, when injected, can
cause changes to occur in potassium ion concentration
and hence play a significant role in the regulation of
intracellular and extracellular concentration of this ion.

The multiplicity of direct influences of the catechol-
amines on the major organ systems is dramatic. Pro-
found effects on the cardiovascular system, metabolic
rates (e.g., heat production), and fluid and electrolyte
balance have been exhibited. In addition, indirect effects
on the endocrine system have been demonstrated
(35,36). Catecholamines play a preeminent role in
response to stressors and are crucial in responses to
perceived threats (37). The initial release of catechol-
amines is followed by an increase in the expression of
genes that encode catecholamine-synthesizing enzymes.
Although E and NE are equipotent in increasing alert-
ness, E evokes more anxiety and fear in humans.

There is little doubt that we have witnessed during
the last century tremendous growth in the role played by
the catecholamines in both normal and disease states.
Biochemical assays, gene cloning, and computer-
derived models have begun to replace the pathologist’s
microscope in diagnosing illnesses arising from aberra-
tions in catecholamine metabolism. It is therefore quite
natural to experience excitement regarding the antici-
pated revelations of the new millennium.

REFERENCES

1. von Euler US. Historical perspective: growth and impact

of the concept of chemical neurotransmission. In: Stjärne
L, Hedquist P, Lagerkrantz H, Wennhalm A, eds.
Chemical Neurotransmission—75 Years. London: Aca-

demic Press, 1981:3–12.

Dziedzic and Dziedzic314



2. O’ConnorDT.The adrenalmedulla, catecholamines and

pheochromocytoma. In: Goldman L Bennett JC, eds.
Cecil Textbook of Medicine. 21st ed. New York: W.B.
Saunders, 2000:1258–1259.

3. Lansberg LB, Young JB. The sympathetic nervous
system and the adrenal medulla. In: Fauci AS, Braun-
wald E, Isselbacher KJ, Wilson JD, Martin JB, Kasper
DL, Hauser SL, Longo DL, eds. Harrison’s Principles

of Internal Medicine. 14th ed. New York: McGraw-Hill,
1998:431–442.

4. Addison T. On the Constitutional and Local Effects of

disease of the suprarenal capsules. London: Highly,
1885.

5. Walters W, Wilder RM, Kepler EJ. The suprarenal

cortical syndrome with presentation of ten cases. Ann
Surg 1934; 100:670–679.

6. Conn JW. Presidential address: (1) painting background;

(2) primary aldosteronism. J Lab ClinMed 1955; 45:661.
7. DeChrecchio L. Sapra un caso di apparenzi virili in una

donna. Morgagni 1865; 7:151.
8. Young WF. Pheochromocytoma and primary aldoster-

onism: diagnostic approaches. Endocrinal Metab Clin
North Am 1997; 27:801–827.
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1 ADRENAL CORTICAL PATHOLOGY

1.1 Nonfunctioning Adrenal Cortical

Nodule/Adenoma

The incidental finding of a cortical nodule/adenoma is
not uncommon. Autopsy and clinical studies revealed
an incidence of 1.4–3.0% and 0.6–1.3%, respectively. A
higher incidence is noted in elderly, hypertensive, and
diabetic patients. There are no established size criteria to
differentiate a nodule from an adenoma, although
measurements of less than 0.5–1.0 cm are usually ac-
cepted for a nodule. The average size from several
studies is 2.5 cm, but larger lesions of 5–6 cm have been
reported. In nonautopsy material, patients are most fre-
quently womenwith an average age of 60 years. Grossly,
these lesions are well circumscribed yellow masses (Fig.
1). On histology, the lesions are composed of cortical
cells with variable lipid contents (1–5).

1.2 Functioning Adrenal Cortical Adenomas

1.2.1 Adrenal Cortical Adenoma
with Cushing’s Syndrome

Adrenal cortical adenomas with Cushing’s syndrome
are usually solitary unilateral lesions weighing less
than 50 g, although tumors weighing over 100 g are
rarely reported. Grossly, the lesions are sharply cir-
cumscribed and well demarcated from the nonneoplas-
tic adrenal. The average size is approximately 4 cm.

Typically the tumor tissue is solid and golden yellow in
color, similar to the nonneoplastic cortex (Fig. 2).
Areas of brown discoloration due to hemmorhage,
lipid depletion, or lipofuscin deposition are frequently
seen. In larger lesions, degenerative changes such as
fibrosis and cystification may be present. Histology
shows a well-demarcated mass (Fig. 3). The tumor cells
are arranged in cords, nests, or trabeculae. The cyto-
plasm is usually pale staining due to the abundance of
lipid droplets (Fig. 4). Occasional lipid-depleted cells
will have a pink (eosinophilic) appearance. Lipofuscin
deposits, if present, are brown droplets in the cyto-
plasm. The nuclei can vary from round and regular,
similar to normal cortical nuclei, to enlarged and
hyperchromatic. Focally there may be significant nu-
clear atypia; however, mitosis will be absent (Fig. 5).
The remaining adrenal cortical tissue is usually atro-
phic. The gross and microscopic findings for any
adrenal lesion have to be correlated with the clinical
findings. There are no gross or mircroscopic findings
(with rare exceptions) that indicate that an adrenal
neoplasm is functional or what the hormonal product
of the lesion is. Additional histological stains that may
be useful are those that bring out the lipid content of
the tumor. These include Sudan black on paraffin-
embedded tissue and oil red O on fresh or frozen
samples. Ultrastructural evaluation will show abun-
dant lipid droplets in the cytoplasm. Mitochondria can
be numerous and contain tubular and vesicular cristae.
(Figs. 2–5) (6–9).
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1.2.2 Adrenal Cortical Adenoma with Primary
Hyperaldosteronism

An adrenal cortical adenoma associated with hyper-
tension and hypokalemia was first described by Conn in
1955. Primary aldosteronism is estimated to occur in 2%
of hypertensive patients, mostly in the third to fifth
decades. These adenomas are usually small (2 cm in
diameter), weigh less than 10 g, are sharply demarcated
from the surrounding tissue, and their color is described
as canary yellow (Fig. 6). Most tumors are unilateral
and solitary.

Microscopically, the adenoma is well demarcated
from the nonneoplastic tissue. The tumor cells are
arranged in nests or cords, with the neoplastic cells
having abundant fine lipid droplets, but lipid-depleted
cells are also present. The cell size may be similar to or
smaller than seen in the nonneoplastic zona fasciculata
and the normal zona glomerulosa. Eosinophilic intra-
cytoplasmic inclusions which have a scroll-like appear-
ance may be seen in neoplastic and nonneoplastic
cortical cells (Fig. 7). These are termed spironolactone
bodies because they develop in patients treated with the

Figure 1 A nonfunctioning incidental adrenal cortical

adenoma. The lesion is composed of uniform golden yellow
tissue.

Figure 2 Adrenalectomy specimen with a cortical adenoma
in a patient who clinically had Cushing’s syndrome. The lesion
is composed of uniform yellow tissue.

Figure 3 An adrenal cortical adenoma associated with
Cushing’s syndrome. There is compressed atrophic adrenal
cortical tissue at the upper left. The lesion is composed of cords
of clear cells (hemotoxylin/eosin �4).

Figure 4 Adrenal cortical adenoma composed of nests of
tumor cells separated by a delicate vascularity. The cells have
bubbly, clear cytoplasm and uniform, round nuclei (hemotox-

ylin/eosin �20).
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aldosterone antagonist spironolactone. They range in
size from 2 to 12 Am and are surrounded by a clear
space. Immunohistochemistry demonstrates the pres-
ence of aldosterone in these inclusions. Nuclei of the
adenomas are generally round and regular. The remain-
ing cortex most often appears normal but may be
atrophic or even hyperplastic. On ultrastructural exami-
nation, in addition to the lipid droplets, there is abun-

dant endoplasmic reticulum and mitochondria, which
may have normal or abnormal configurations with
vesicular or lamellar cristae. The spironolactone bodies
consist of electron dense material surrounded by endo-
plasmic reticulum (Fig. 6, 7) (10–16).

1.2.3 Adrenal Cortical Neoplasms with
Virilization or Feminization

The majority of these cortical neoplasms have a malig-
nant course. The feminizing tumors occur in adult
patients in the second to fifth decades, while the viriliz-
ing tumors occur frequently in the pediatric population
in addition to adults. In feminizing tumors—almost

Figure 5 Adrenal cortical adenoma showing an area of
nuclear pleomorphism and atypia. The cytoplasm is lipid
depleted and is eosinophilic. At the upper left are cortical
adenoma cells with clear cytoplasm and uniform nuclei

(hemotoxylin/eosin �40).

Figure 6 Adrenalectomy specimen with an aldosterone-
producing adenoma. The lesion consists of uniform bright
yellow (canary yellow) tissue. There is nonneoplastic adrenal

tissue on the lower left of the specimen.

Figure 7 Histological section of an aldosterone-producing
adenoma. The cells are arranged in cords with pale to clear

cytoplasm. The cytoplasm contains pink scroll-like structures,
which are the spironolactone bodies (hemotoxylin/eosin�40).

Figure 8 Adrenalectomy specimen with a tan yellow ade-
noma, which was clinically virilizing.
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always malignant—male adult patients present mostly
with gynecomastia. Grossly, these tumors are of varia-
ble sizes, but most cases weigh over 100 g and they may
be over 1000 g. The neoplasms are sharply circum-
scribed and usually have a tan or brown color (Fig. 8).
Cells are arranged in cords or nests. Histologically,
there is a predominance of lipid-depleted, eosinophilic,
compact cells (Fig. 9). The remaining cortex, when
visible is atrophic or normal in appearance.

Criteria for malignancy will be discussed in the next
section (Figs. 8, 9) (17–19).

2 ADRENAL CORTICAL CARCINOMA

Adrenal cortical carcinoma (ACC) is a rare malignancy
occurring predominantly in adults, but it can also affect
the pediatric age group. Most large series show a slight
female predilection, and the left adrenal is more often
involved than the right. Metastases as an initial presen-
tation occur in 15–25% of patients. At the clinical level
these carcinomas may appear to be nonfunctional or
hormonally active. Functional tumors are either mono-
hormonal (i.e., Cushing’s syndrome) or polyhormonal
(i.e., Cushing’s syndrome and virilization). The figures
for patients presenting with hormonally inactive disease
span a large range and may represent insensitivity in
assessing steroid production. In several series the per-
centages of nonfunctional ACCs ranged from 25 to
75%. Overall, ACCs appear to be less efficient in
hormone production than their benign counterparts
because of deficiencies in enzymes essential for steroido-
genesis. On gross examination these tumors are usually

very large, weighing several hundred grams (Fig. 10). In
general, adrenal cortical lesions weighingmore than 100
g are suspect of beingmalignant, but definitive diagnosis
of malignancy rests on characteristic histological find-
ings. Additional gross features of ACC include fleshy,
bulging tan nodules, which may have areas of necrosis
and hemorrhage. Particularly large tumors may show
gross evidence of infiltration into surrounding tissues.
Histologically, the tumor cells are arranged in sheets,
cords, or nests (Fig. 11), and broad areas of necrosis
may be present. The vascularity of these tumors is less
pronounced than that seen in adenomas. The predom-
inant cell type, termed compact cell, is large and lipid

Figure 9 Histological section of a virlizing cortical adenoma.

It is composed of cords of pale pink cells with uniform nuclei
(hemotoxylin/eosin �40).

Figure 10 Adrenalectomy specimen of a cortical carcinoma.
The carcinoma has a central zone of necrosis. Nonneoplastic
adrenal tissue is seen on the right of the specimen.

Figure 11 Histological section of a cortical carcinoma. The
cells are in solid nests with areas of tumor necrosis on the left.

The cells show nuclear pleomorphism and are lipid depleted
(hemotoxylin/eosin �10).
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depleted with adundant eosinophilic cytoplasm, but
pale, lipid-rich cells may also be found. There is usually
significant nuclear pleomorphism and atypia. Nuclear
pseudoinclusions (cytoplasmic invaginations into the
nucleus) can be seen. Mitotic figures are usually easily
located, may be atypical in form (Fig. 12), and vascular/
lymphatic invasion may be identified.

Immunohistochemistry is limited in this diagnosis.
Unlike the majority of carcinomas, these carcinomas
usually do not react with keratin antibodies but will
react with the steroid marker inhibin, and vimentin is
usually positive. Ultrastructural examination shows the
lipid-depleted cells to contain abundant mitochondria
and smooth endoplasmic reticulum. Rare cases may
contain electron dense neuroendocrine-type cytoplas-
mic granules. Criteria established for the diagnosis of
ACC in the absence of metastasis include vascular
invasion, extensive capsular invasion, marked nuclear
pleomorphism, and mitosis with atypical forms. In a
study by Weiss (26), the only features associated with
metastases were mitosis greater than 6 per 50 high-
power fields and vascular invasion. There are a minority
of cases where histology cannot definitively distinguish
between a benign andmalignant adrenal cortical tumor.
These cases may be termed ‘‘adrenal cortical neoplasm
of indeterminate malignant potential’’ (Figs. 10–12)
(20–35).

3 ADRENAL PHEOCHROMOCYTOMA

Adrenal pheochromocytoma arises from the medullary
chromaffin cells. This is the most common tumor of the

adult adrenal medulla. The average age of patients is in
the fifth decade. It is often termed the 10% tumor, with
roughly 10% of the cases being malignant, bilateral,
extra-adrenal, and occurring in childhood. These fig-
ures, however, have to be modified for sporadic and
familial pheochromocytomas. Grossly, pheochromocy-
toma is a well-circumsrcibed red/brown mass (Fig. 13).
The average size is approximately 4 cm. In smaller
lesions, remnant adrenal medullary and overlying cor-
tical tissuemay be visualized and large lesionsmay show
areas of cystification. The larger tumors may extend
beyond the adrenal into adjacent structures, including
the inferior vena cava. The classic histological pattern is
a nested aggregation of cells termed Zellballen (Fig. 14).

Figure 12 High magnification of an adrenal cortical carci-
noma. The cells are in solid sheets and show marked nuclear

pleomorphism with mitotic figures. The cells are lipid depleted
and have eosinophilic cytoplasm (hemotoxylin/eosin �40).

Figure 13 Adrenalectomy specimen of an adrenal pheochro-

mocytoma. The tumor has a tan-red color, and there is a thin
rim of adrenal cortical tissue at the periphery of the specimen.

Figure 14 Adrenal pheochromocytoma showing the charac-

teristic nested (Zellballen) arrangement of the tumor (hemo-
toxylin/eosin �10).
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Other patterns include trabecular and solid. An abun-
dant capillary vasculature is found in all cases. Themain
cell population consists of chief cells, which have a
round, polygonal, or spindle configuration. The cyto-
plasm is granular and may be eosinophilic, basophilic,
or amphophilic. A rare degenerative change is the
presence of cytoplasmic lipid droplets, which may cause
confusion with a cortical tumor. Nuclei may vary
greatly in size and shape (Fig. 15). Intranuclear pseu-
doinclusions as well as cytoplasmic hyalin globules may
be seen and may be related to catecholamine produc-
tion. Rare mitotic figures can be seen in benign cases.
The stroma may show extensive sclerosis, and amyloid
deposition can occur. Special histochemical stains can
support the diagnosis of pheochromocytoma. A retic-
ulin stain will enhance the Zellballen arrangement of the
cells (Fig. 16). Silver stains such as grimelius will react
with the catecholamine neurosecretory granules. Immu-
nohistochemistry can also play a role in establishing the
diagnosis in difficult cases. The chief cells will react with
neuroendocrine markers such as chromogranin, synap-
tophysin, neuron-specific enolase, and Leu 7. The chief
cells may also react with a variety of neuropeptides and
hormones. A second population of cells, the sustentac-
ular cells, which cannot be visualized with the routine
hemotoxylin and eosin stain, will stain with the immu-
nohistochemical marker S100 protein. The sustentacu-
lar cells are believed to play a supporting role in the
tumor’s composition. Ultrastructural examination is
noteworthy for the presence of dense core neurosecre-
tory granules. Two types of granules have been
described, the epinephrine and the norepinephrine
types. The epinephrine type has a uniform appearance,

while the norepinephrine type is more variable and has a
halo surrounding the granule. Correlation of ultrastruc-
tural findings with catecholamine production is, how-
ever, not reliable.Of historical interest is the chromaffin
reaction, which aided the pathologist in establishing the
diagnosis of pheochromocytoma. The reaction is the
oxidation of the cathecholamines, which occurs follow-
ing fixation of the tissue in solutions such as a dichro-
mate fixative or, more commonly, formalin. The
oxidation causes the fixative and the tissue to turn
brown. Malignancy is uncommon and ranges from 3
to 14% of the adrenal pheochromocytomas (Fig. 17).
Malignant cases tend to be larger, being several hundred
grams in weight, show necrosis, vascular invasion, and
have numerous mitotic figures. At present, however,
there is no reliable morphological feature to distinguish

Figure 15 Adrenal pheochromocytoma showing nuclear
atypia and an intranuclear inclusion. The cytoplasm is finely
granular and basophilic (hemotoxylin/eosin �40).

Figure 16 Reticulin stain highlighting the nested pattern of
an adrenal pheochromocytoma (reticulin �10).

Figure 17 Metastatic pheochromocytoma in bone (hema-
toxylin/eosin �10).
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a benign from a malignant pheochromocytoma in the
absence of mestastases (Figs. 13–17) (36–39).

4 NEUROBLASTOMA/

GANGLIONEUROBLASTOMA

Neuroblastoma/ganglioneuroblastoma (NB/GNB) is
one of the most common childhood malignancies. The
vast majority of these neoplasms arise in either the
adrenal gland or the sympathetic ganglia. The gross
appearance is usually a well-circumscribed nodule or
group of nodules, which are tan and soft (Fig. 18). There
may be areas of hemorrhage and necrosis, calcifications
may be visible, and some tumors may have nodules of
different appearance, corresponding to areas of varying
maturation. Neuroblastoma is histologically composed
of ‘‘round blue cells’’ with little appreciable cytoplasm
in the most immature cells. Cells with some degree of
maturation have more abundant cytoplasm and may
have fibrillar material extending from the cells. These
cells may be aggregated so that the fibrillar material
protrudes centrally and forms what is termed a Homer-
Wright pseudorosette (Fig. 19). The tumor cells can be
arranged in sheets or in an organoid pattern. There is a
prominent delicate background vascularity. GNBs will
have a gross appearance similar to NB but will have a
firmer consistency (Fig. 20). Histologically, cells show
ganglionic differentiation with larger eccentric nuclei
and have prominent nucleoli and abundant eosinophilic
cytoplasm (Fig. 21). There is prominent fibrillar mate-
rial in the background. Ultrastructural studies demon-
strate a paucity of cytoplasmic organelles, rare electron
dense neurosecretory granules, and neuritic cell pro-

cesses. Immunohistochemical stains that are positive in
these tumors include neuron-specific enolase (NSE),
chromogranin, and synaptophysin. Tumors that have
schwannian differentiation will react with S100 protein.
There are several grading systems for these tumors,
taking into consideration the degree of maturation in
the lesion. The most universal system presently in use is
the Shimada classification, which stratifies patients by
age and tumor differentiation. Tumors are broadly
divided into stroma-rich and stroma-poor groups. In
the stroma-rich group, there are further subdivisions
into tumors with abundant stroma and no nodules (the
well-differentiated group and intermixed group), which
is a favorable prognostic group, and those stroma-rich

Figure 18 Adrenal neuroblastoma replacing the adrenal
gland. The tumor is composed of fleshy tan tissue.

Figure 19 Neuroblastoma composed of small round blue
cells, some forming Homer-Wright rosettes (arrow) with

central neuropil fibrils (hemotoxylin/eosin �40).

Figure 20 Adrenalectomy specimen with a ganglioneuro-
blastoma. There is attached nonneoplastic adrenal tissue on

the left of the specimen.

Surgical Pathology of the Adrenal Glands 323



cases with nodules showing different levels of matura-
tion, i.e., neuroblastoma and ganglioneuroblastoma, in
two grossly distinct nodules. This is considered an
unfavorable prognosis. The stroma-poor group is strati-
fied by age, tumor differentiation, and mitotic/karyor-
rhexis index (MKI). Stroma-poor tumors in patients
less than 1.5 years of age and a MKI less than 200 fall
into the favorable prognostic group. The other stroma-
poor tumors are in patients less than 1.5 years of age
with a MKI greater than 200, patients older than 5
years, and patients between 1.5 and 5 years with undif-
ferentiated tumors. Patients 1.5–5 years of age with
differentiated tumors and a MKI less than 100 fall in
between the favorable and unfavorable groups. Overall
adverse prognostic findings in NB/GNB include older
age at diagnosis, advanced stage, N-myc oncogene
amplification, and cytogenetic abnormalities of chro-
mosome 1. These tumors will rarely spontaneously

regress or mature into a ganglioneuroma. Metastatic
spread occurs most often to the bone marrow, bone,
lymph nodes, liver, skin, testis, and intracranial struc-
tures. (Figs. 18–21) (40–54).

5 GANGLIONEUROMA

Ganglioneuroma is the mature neuroendocrine tumor
occurring in the posterior mediastinum followed by the
retroperitoneum and rarely in the adrenal medulla.
Patients are usually older than the neuroblastoma
group, and the tumor can occur in adults. Grossly, the
tumors are well circumscribed, light, tan and firm
(>Fig. 22). Calcifications may be felt on gross inspec-
tion. The adrenal tumors are usually smaller than those
found in the more common locations. Histologically,
there is a disorganized arrangement of mature ganglia
and spindle Schwann cells (Fig. 23) (55–57).
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Ultrasonography of the Adrenal Gland
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Ultrasonographic delineation of the adrenal glands and
small adrenal lesions is usually more difficult than that
of other abdominal organs because these small struc-
tures are located high and deep in the rib cage, especially
the left adrenal gland, which may be obscured by bowel
gas or lung. Successful scanning usually requires prior
knowledge of detailed anatomy in the adrenal areas and
a careful and appropriate scanning method. With the
advent of many improvements in ultrasound equip-
ment, e.g., well-focused beam profile, tissue harmonic
imaging, and compound real-time scanning, adrenal le-
sions are becoming more readily visible by ultrasonog-
raphy.

1 ULTRASOUND FEATURES OF NORMAL

ADRENAL GLANDS

The adrenal glands are a pair of flat organs, triangular
on the right and semilunar shaped on the left. They are
about 4–6 cm in length and 2–3 cm in width. They are
characteristically thin, only 2–6 mm thick, and in cross-
sectional imaging with ultrasound, computed tomog-
raphy (CT), and magnetic resonance (MR), the glands
appear as variations of linear or curvilinear structures
and not as triangular or semilunar configurations. The
adrenal glands consist of an anteromedial ridge and two
wings that open posterolaterally (1). The medial wing is
larger superiorly and smaller or absent inferiorly, and
vice versa for the lateral wing (2). On transverse scan, the
superior section of the adrenal gland is a vertical linear

or curvilinear structure consisting of only the antero-
medial ridge and the medial wing. In the middle section,
both wings are equally seen and an inverted ‘‘Y’’ (or
inverted ‘‘V’’ when the anteromedial ridge is small)–
shaped structure may be seen. The inferior section
shows little or no medial wing, resulting in an ‘‘L’’ (left
adrenal) or reverse ‘‘L’’ (right adrenal) shape. In longi-
tudinal or coronal scan, the glands appear as a linear,
curvilinear, or horizontal ‘‘Y’’ or ‘‘V’’ shape (2). There-
fore, depending on the shape of the gland on image, the
level of scanning plane can be determined on transverse
scan.

The success rates of visualization of the right and left
adrenal glands are 78% and 44%, respectively, by man-
ual scanning (1), 92% and 71%, respectively, by real-
time scanning (4). The medulla may sometimes be seen
as a highly echogenic line sandwiched between two thin
layers of hypoechoic cortex (5). This is more frequently
seen in the newborn and in the hypertrophic adult
gland.

2 SCANNING TECHNIQUE

The best scanning approach for the adrenal gland is
transverse intercostal scanning from the upper lateral
abdomen (1). The right adrenal gland is enclosed in a
small area between the crus of diaphragm, liver, inferior
vena cava, and the upper pole of the kidney. The left
adrenal gland is located lateral to the aorta and crus of
diaphragm, medial to the spleen, anteromedial to the
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upper pole of the left kidney, and posterior to the
stomach and pancreas. The left adrenal gland is usually
more difficult to scan than the right because it may be
obscured by gastric or bowel gas. Therefore, the trans-
ducer position should be more posterior than for the
right gland, usually at the posterior axillary line. A
gentle sweeping motion of the transducer to scan from
3–4 cm above the upper pole of the kidney downward to
the renal hilum level will allow the adrenal areas to be
completely examined. Longitudinal (i.e., coronal) scan
from the same transducer position may also show the
adrenal areas.

3 SMALL ADRENAL MASSES

Small adrenal masses are usually hypoechoic and round
or oval in shape, and they are thicker than the normal
adrenal gland and easier to visualize than the normal
gland. The incidence of visualization of a small mass is
97% by an experienced ultrasonographer (1). There-
fore, when the adrenal area is thoroughly scanned and
the area is not obscured by bowel gas and no mass is
found, a mass can be practically excluded even though
the normal adrenal gland is not visualized.

A mass of 1 cm or smaller can be seen by ultraso-
nography (5). Although a small mass frequently repre-
sents a benign adenoma, it cannot be differentiated from
a metastatic malignant tumor or hyperplastic nodule
(Fig. 1) by ultrasonography, and the latter may or may
not be associated with an enlarged (thickened) adrenal
gland. When differentiation between hyperplastic nod-
ules and tumor is impossible with ultrasound, CT, or
MR, adrenal venography with venous blood sampling
or adrenal scintigraphy may be necessary.

Adrenal adenoma with a high lipid content such as
aldosteronoma (Fig. 2) may present as a low-density
lesion similar to a cyst even on enchanced CT (6). When
the density is very low and blends with surrounding fat,
it may become difficult to recognize on CT, but ultra-
sonography will clearly delineate it as a solid mass.

4 LARGE ADRENAL MASSES

Since the adrenal gland is located anteromedially to the
upper pole of the kidney, a large adrenal mass usually
displaces the upper pole of the kidney laterally (7). Some
larger adrenal masses, however, may extend down
anterior to the kidney without causing much displace-
ment of the latter (8). A right adrenal mass may also

Figure 1 Nodular hyperplasia of adrenal glands. A series of
three transverse sections of the superior aspect of the right

adrenal gland are shown. There are only two parts of the gland
in these sections: the antero-medial ridge and the medial wing
forming a vertical curved band-like structure. The anterior

part of the structure represents the antero-medial ridge, and
the posterior part, which is curved, represents themedial wing.
(Top) The uppermost section shows two small nodules (black
arrows) at the junction between the antero-medial ridge (small

white arrowheads) and the medial wing (large white arrow-
head). Note the linear echogenic medulla running through
the center of the antero-medial ridge. V = inferior vena

cava; A = aorta; cd = crus of diaphragm. (Middle) Four
nodules are seen: two tiny ones (black arrowheads) in the
cortex of the antero-medial ridge where the echogenic medulla

is again seen; two nodules (black arrows) at the junction
between the antero-medial ridge and the medial wing, same as
above. V = inferior vena cava; A = aorta; cd = crus of
diaphragm. (Bottom) This section shows the thickest part of

adrenal gland, 0.9 cm in thickness in the antero-medial ridge
(between small white arrowheads). Large white arrowhead
=medial wing; V= inferior vena cava; A= aorta; cd= crus

of diaphragm.
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extend anteriorly between the inferior vena cava and
aorta.

A large adrenal mass may markedly indent the kid-
ney or liver so that the mass may appear to arise from
either of the two organs. There are some ultrasono-
graphic features that help to differentiate an adrenal
from a renal or hepatic mass: (1) a highly echogenic
demarcation line between the mass and the kidney or
the liver may represent a thin layer of perirenal fat,
therefore the mass is extrarenal or extrahepatic in
origin; (2) a notch at the edge of demarcation; (3) a
larger portion of the mass outside the kidney or the
liver; (4) during deep inspiration, a relative motion can
be seen between the mass and the kidney or the liver; (5)

on color Doppler study, if intrarenal or intrahepatic
vessels are seen to enter the mass, the mass is likely to be
renal or hepatic.

5 DIFFUSE ENLARGEMENT

OF THE ADRENAL GLAND

In diffuse enlargement of the adrenal gland, the most
important ultrasonographic feature is thickening of the
adrenal gland to more than 0.7 cm measured for each
part of the gland (9) and not at the confluence of adrenal
parts. The length andwidth of the entire gland are much
less important. The enlargement or thickening may be
more marked in one part than in others (Fig. 1), and the
largest number is taken. When the confluent point is
measured, the normal thickness can be up to 1 cm (10).
When the adrenal gland is mildly (0.7–1.2 cm thick) to
moderately (1.3–2.5 cm thick) enlarged, the basic form
of the normal adrenal gland is still easily recognizable in
each scanning plane except that the gland appears
thicker or fatter (11). The enlargement of the gland
may be asymmetrical. This is best observed in the
middle-scanning plane in which both wings are equally
visualized. One wing may be thicker than the other.
When the gland is markedly enlarged, i.e., more than 2.6
cm thick, the features are more distorted. In the upper
transverse section it may be a vertical oval or pear
shaped. In the middle section, it may be a fat inverted
‘‘V’’ shape, triangular shaped, inverted heart shaped, or
pentagonal shaped with rounded-off corners. A small
notch at the base of the inverted heart shape represents
the residual space between the two wings. In the lower
section, it may appear as a fat ‘‘L’’ or reverse ‘‘L’’ shape,
a wedge, a rhomboid shape, or a horizontally elongated
oval shape. When the gland is extremely enlarged, it
may appear nodular or irregular in contour even though
the gross appearance of the basic feature is preserved.
On coronal scan, a characteristic horn shape is seen. If
one does not have prior knowledge of the features of a
markedly enlarged adrenal gland on serial sections or if
one does not systemically study the entire series of
sections, one can easily mistake it as focal mass lesion
(11). Recognition of a diffusely enlarged adrenal gland is
important because this will narrow down the differential
diagnoses to the following (9):

1. Bilateral hyperplasia: since there is no infiltra-
tion, destruction, or invasion of the gland by in-
flammatory or neoplastic process, the medulla is
usually preserved (Fig. 1) and easier to see than

Figure 2 A 1.4 cm aldosteronoma in the right adrenal gland.

(Top) Transverse scan shows a 1.4 cmmass (arrowhead) in the
right adrenal gland. Note normal part of the adrenal gland
anterior and posterior to the mass are also seen. The adrenal
gland is located immediately posterior to inferior vena cava

(V), which is not clearly seen in this section. K=upper pole of
right kidney. (Bottom) Corresponding CT shows the small
adrenal mass (arrowhead) and normal parts of the adrenal

gland anteriorly and posteriorly. V= inferior vena cava; K=
kidney. Note the medial part of the mass has low density due
to high lipid content.
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a normal gland. In marked enlargement of the
gland, which usually is due to ectopic ACTH syn-
drome, the medulla may appear as a thin echo-
genic line in a very ‘‘fat’’ gland, and careful
examination is necessary to find themedulla. The
presence of medulla in a large gland is character-
istic of hyperplasia (9,11).

2. Infiltrating neoplastic disease: the most common
tumor is lymphoma, mostly non-Hodgkin’s lym-
phoma (9) (Fig. 3). Diffuse involvement of the
adrenal glands by lymphoma is usually bilateral.
It is frequently associated with retroperitoneal
lymphadenopathy but can be primary adrenal
involvement. Massive enlargement of adrenal
glands is not uncommonly seen and the enlarged
adrenal glands may have homogeneous or some-
what nodular echotexture. Metastatic lesions
may also cause diffuse enlargement of the adrenal
gland (8), most commonly from lung (Fig. 4), but
may also from stomach, breast, uterus, kidney,
and pancreas primaries.

3. Adrenal hemorrhage: may be focal or generally
diffuse, diffuse cortical or diffuse medullary.

4. Infectious disease, e.g., tuberculosis, histoplas-
mosis, blastomycosis, cryptococcus.

5. Congenital metabolic deficiency: lipoid adrenal
hyperplasia, cholesterol desmolase deficiency.
There is accumulation of lipids and cholesterol
in the adrenal cortex.

Figure 3 Bilateral diffusely enlarged adrenal glands due to
primary adrenal lymphoma. (Top) A composite image of

transverse scans of the right and left adrenal glands. Both
glands show inverted thick ‘‘Y’’-shaped structures represent-
ing the middle section of the glands. No medulla was detected

on scanning. amr = artero-medial ridge; lw = lateral wing;
mw = medial wing; K = kidney; A = aorta. (Bottom)
Drawing shows three parts of the enlarged adrenal gland
corresponding to the above images.

Figure 4 Diffuse involvement of the right adrenal gland by
lung cancer. (Top) Transverse scan from the right upper flank
region shows diffusely enlarged right adrenal gland medial to

the liver (L) posterior to inferior vena cava (V). The image is
rotated 90j counterclockwise to show the same orientation as
a transaxial CT scan. This is section of the midportion of the
gland, and both lateral (long arrowhead) and medial (short

arrowhead) wings are equally seen. The lateral wing is the
largest, 1 cm in thickness. The antero-medial ridge (arrow) is
only slightly enlarged. (Bottom) Coronal scan shows the

diffusely enlarged right adrenal gland with lateral (long arrow-
head) and medial (short arrowhead) wings. L = liver. Ultra-
sound-guided transhepatic fine needle biopsy of the right

adrenal gland proved metastatic lung cancer.
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6 ADRENAL HEMORRHAGE

A focal adrenal hemorrhage is usually round or oval in
shape. It may be echo-free (12,13) but may contain
echoes due to blood clots. The echoes may disappear
in a few days due to lysis of clots. The hematoma usually
decreases in size in 4–5 weeks, and internal echoes re-
appear due to organization of the hematoma. The hema-
toma may further shrink down and may calcify in 4–9
months (14), seen by ultrasonography as a small highly
echogenic lesion with acoustic shadow.

In diffuse hemorrhage, the adrenal gland is diffusely
enlarged. moderately echogenic, similar to infiltrating
tumor (9). CT without intravenous injection of contrast
material may show high-density areas in the gland
representing blood clots.

7 ADRENAL CALCIFICATIONS

Adrenal calcifications usually result from hemorrhage
but may also be from tumors (neuroblastoma, carci-
noma, pheochromocytoma, adenoma, myelolipoma) or
infection such as tuberculosis (15). They are usually
small, irregular-shaped highly echogenic lesions with
acoustic shadow but may also appear as thin peripheral
calcification. Calcification in adrenal cystic wall may
appear as a curvilinear echogenic structure with shad-
owing. Adrenal cysts have a high incidence of wall
calcification, and a calcified adrenal cyst does not have
the same ominous significance as indicating a tumor as
does a renal cyst (15).

8 ADRENAL TUMORS

8.1 Cortical Adenomas

Nonfunctioning (nonhyperfunctioning) adenomas are
usually small, ranging up to 2.5 cm (15) in diameter,
rarely exceeding 5 cm, being found in 2% of postmor-
tem examinations. They are usually found incidentally
during examination for other purposes. On ultrasonog-
raphy, they cannot be differentiated from a small pri-
mary or metastatic tumor or functioning tumor except
that the latter causes abnormal clinical endocrinological
manifestations. Low density on unenhanced CT will
differentiate adenoma from nonadenoma (16), which is
the advantage of CT over ultrasonography.

Functioning adenomas may cause Cushing’s syn-
drome, primary aldosteronism, or virilization. Ultra-

sonographically, functioning adenomas cannot be
differentiated from nonfunctioning adenomas.

8.2 Carcinomas

Carcinomasmay also be functioning or nonfunctioning.
The tumors are large, sometimes exceeding 20 cm in
diameter (15). They frequently have hemorrhagic, cys-
tic, or necrotic changes. The hemorrhage and necrosis
may result in hyperechoic or hypoechoic areas, depend-
ing on the age of the clot, amount of debris, edema, and
liquefication of clot or necrotic tissue (8). Therefore, a
tumor may appear heterogeneous. The contour of a tu-
mor may be smooth or irregular (8,6,16). A small
carcinoma cannot be differentiated from an adenoma
(17).

8.3 Pheochromocytoma

This is an uncommon tumor, mostly arising in chro-
maffin cells of the adrenal medulla, but 10% arise in the
autonomic nervous system, usually in the organ of
Zuckerkandl in the para-aortic areas. Multiple pheo-
chromocytomas, unilateral or bilateral, are frequently
associated with various hereditary syndromes. Al-
though it is reported that the pheochromocytomas are
usually large when discovered (18), small masses less
than 3 cm are not uncommonly seen (20% in the
author’s experience) (5). The tumor may be homoge-
neous in echo texture but hemorrhage and necrosis are
frequently seen, even in a small tumor. This may result
in heterogeneity with hyperechoic (Fig. 5) or hypo-
echoic or echo-free areas. Total hemorrhage may result
in a cystic appearance that may occur even in a small
tumor (e.g., 2 � 3 cm) (8).

8.4 Myelolipoma

This tumor arises from the adrenal cortex and is com-
posed of fat and bone marrow elements in varying pro-
portions. It is endocrinologically nonfunctioning,
although bilateral large tumors may cause endocrine
disturbance. There is no malignant potential. Ultra-
sonographically, the tumor is diffusely highly echogenic
(19,20), usually homogeneous. It is quite similar to
angiomyolipoma of the kidney, and therefore, when
themass indents on the kidney, angiomyolipoma should
also be considered. When a large amount of myeloid
element or hemorrhage and/or necrosis is present, the
tumor may appear heterogeneous. Some other tumors,
e.g., carcinoma or pheochromocytoma, should also be
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considered in such an instance. During needle biopsy, if
only fatty tissue is obtained onemay not be certain if the
specimen is from perirenal fat or from a myelolipoma.
Repeat biopsy should be done in different areas to
obtain myeloid tissue in order to confirm the diagnosis.

9 METASTATIC MASSES

OF THE ADRENAL GLAND

The adrenal glands are the fourth most common site in
the body for metastases, after the lungs, the liver, and
the bones. Adrenal metastases were found in 27% in a
series of 1000 autopsied patients withmalignancies (21).
The most common primary sites are lung (75.6%) and
breast (53.9%) (21). Others include the gastrointestinal

tract, kidney, and ovary. Therefore, scanning of both
adrenal areas should be done for patients known to have
primary malignancy to detect adrenal masses. Most
adrenal metastases are round or oval and poorly echo-
genic (22), but a large metastasis may be irregular in
shape (6). Ultrasonography, including color Doppler
scanning, usually cannot differentiate between a metas-
tasis and a benign adenoma (23) except that if the mass
is large (>5 cm) and/or irregular in shape, metastasis
rather than adenoma is more likely.
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Computed Tomography of the Adrenal Glands
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1 TECHNOLOGY

Computed tomography (CT) is often regarded as a ma-
ture technology. In fact, it is a constantly evolving tech-
nology much different in its current implementation
than it was at its inception 25 years ago. While the basic
premise, the delivery of a cross-sectional image, remains
the same, the scope of what can be delivered is currently
much greater than when it entered the marketplace
during the late 1970s.

Currently, imaging of the abdomen can be performed
in a single breath-hold, with a z-axis (craniocaudad) res-
olution of less than 1 mm, utilizing a technology known
as multidetector CT (MDCT) (1,2). This technology is
enabled by exposing multiple rows of CT detectors
simultaneously, rather than the conventional single
row. At the time of this writing, four-detector-row CT
devices are common, and instrumentation with up to 32
detector rows is being introduced. In the most simplistic
scheme, the presence of four rows reduces the imaging
time by a factor of four. Other advances have further
reduced scanning time, including faster rotation of the
x-ray tube around the patient (0.5 sec), and faster
transit of the patient through the CT gantry.

What have these advances in engineering attained
from a clinical perspective? Combined with the gains in
affordable computer processing, we have a host of tools
directed at volumetric imaging. Isotropic data sets are
obtained; that is, the voxels that comprise the CT image
are close to equal in all three dimensions. The end result

is that we can look at the CT data as representing a
volume, rather than a plane, and reconstruct images
along any axis we wish, maintaining a high image qual-
ity. We can deliberately select a viewing plane that
emphasizes the anatomy of interest (Fig. 1). Images
can be presented in a three-dimensional (3-D) mode, en-
hancing our ability to appreciate spatial relationships.
We have made great strides to graphically present
human anatomy in a realistic fashion.

These technological advances have also allowed the
enhancement of more conventional CT diagnostic
techniques. The improved spatial resolution permits
the performance of thin sections (<1 mm). Smaller
structures, both normal and abnormal, can be delin-
eated. Whereas we have long utilized iodinated contrast
media to simply identify vascular structures, we now
routinely speak of CT angiography. In many clinical
settings CT angiography has replaced conventional
angiography.

2 CT ANATOMY OF THE NORMAL

ADRENAL

The adrenal glands are thin, inverted V- or Y-shaped
structures, adjacent to the upper poles of the kidneys
(Fig. 1A,B). They are of soft tissue density, measuring
approximately 40–50 Hounsfield units (HU). Though
anatomically composed of a medulla and cortex, these
components are not distinguishable on CT. On the right
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side, the junction of the medial and lateral limbs usually
resides just dorsal to the inferior vena cava (IVC),
between the liver and kidney. The junction is slightly
thickened compared to each of the limbs, which are
draped around the upper pole of the kidney. Usually
there is a substantial plane of fat separating all these soft
tissue density structures. The fat is relatively lucent, and

the lucency provides contrast, making identification of
the various organs easy.

The left adrenal is similar to the right but is some-
times slightly more difficult to identify, given the ab-
sence of the larger landmarks and the presence of several
similar caliber vascular structures running nearby. It is
not unusual for a novice observer to mistake a portion

Figure 1 Normal anatomy of the adrenals and pancreas depicted in multiple planes. (A,B) Two views in the coronal plane of the
normal right adrenal, seen as a thin inverted V, easily demonstrate its relationship to the upper pole of the right kidney. (C,D)
Two saggital views demonstrate a portion of the pancreatic head (P), and importantly the origins of the celiac (superior arrow)

and superior mesenteric (lower arrow) arteries. When a pancreatic tumor is present, the status of these vessels is important in
performing surgical planning; these are best visualized in this plane.
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of the splenic vein or some branch vessel for the adrenal
gland.

A good rule of thumb during a quick visual assess-
ment of the adrenals is that the limbs of the adrenal
should be no thicker than the nearby crura of the dia-
phragms. While there is no strict measurement distin-
guishing the normal from abnormal adrenal, the
thickness is usually on the order of several millimeters.

On closer inspection further detail can be resolved.
Often one can identify the vascular supply of each ad-
renal, with the attendant variations in the origin of the
vessels. These vascular landmarks can become useful in
the patient with congenital anomalies in whom the site
of an adrenal gland is in question. In a difficult case, one
may first identify one of these vessels and trace their way
back to the adrenal.

3 CT EVALUATION OF THE ADRENAL

NODULE

3.1 Identification

An adrenal mass may be identified on a CT exam
either deliberately, that is, the CT was performed
specifically to detect such a mass, or as an incidental
finding as part of a CT performed for some other
reason. There are several reasons that a CT may be
performed with attention directed at the adrenal (3,4).
In a patient with an endocrinological syndrome with
evidence suggesting that the adrenal may be involved,
CT is the first-line radiological examination. The adre-
nal is easily identified, and CT can quickly establish in
most patients whether or not the gland is morpholog-
ically normal. It is a rare patient who has a syndrome
for which the adrenal glands are the source who does
not have some morphological abnormality. This
applies to syndromes including both hyperactive and
hypoactive states.

The other reason to assess the adrenals with CT is in
the staging of patients with a neoplasm. The adrenals
are a common site of metastases, particularly in lung
cancer. At the time of death, up to 33% of patients with
lung cancer will have adrenal metastases.

Once an adrenal mass is identified, there is generally
an attempt to further chararacterize it. Size alone, while
not specific, can still yield some useful information. Al-
most all lesions 4 cm and greater are malignant, whether
primary or metastatic. Lesions under 2 cm are quite
common and statistically often benign, thus known as
‘‘incidentalomas.’’

3.2 Technique

The adrenal is optimally evaluated with sections on the
order of 3–5 mm in thickness as a preliminary exam-
ination. On occasion there may be a need for thinner
sections, dictated by the findings on the preliminary
examination. The use of intravenous contrast is op-
tional and often dependent on the clinical situation. One
may obtain excellent images of the adrenal glands with-
out iodinated contrast. Below we discuss CT densitom-
etry and the role of IV contrast in this setting.

4 ANALYSIS OF AN ADRENAL NODULE

The CT approach to analyzing an adrenal nodule will
vary depending on whether or not the presence of the
nodule was anticipated prior to the performance of the
CT. There are many variations of abdominal CT, uti-
lizing intravenous and oral contrast, which may suffice
to establish whether or not an adrenal nodule is present,
particularly when the CT is performed for an indication
other than adrenal assessment. However, these tech-
niques are not optimized for fully assessing an adrenal
nodule. When an examination is targeted specifically at
assessing an adrenal nodule, thin section techniques
should be employed and performance of CT densitom-
etry should be considered.

5 CT DENSITOMETRY

CT densitometry offers a good deal of information that
can help in the management of the patient with an ad-
renal nodule. There is a growing literature that supports
the utilization of CT to characterize adrenal masses. We
regard a section thickness of 3 mm or thinner as optimal
for CT densitometry.

Initially a contrast minus (C-) examination should
be performed. The value of this exam lies in the obser-
vation that most benign adrenal adenomas contain a
large amount of lipid. Fat has a lower CT value, i.e.,
generally in the�40 to�100 HU range, than soft tissue,
usually +40 HU or above. The presence of fat in the
adenoma often results in an average CT number near
10 HU, much lower than the typical soft tissue mass,
40–50 HU.

Several studies have corroborated this finding in
practice (5–7).Different authors have set various thresh-
olds, between 0 and 18HU, andmeasured the sensitivity
and specificity of a C- CT for the prediction of a benign
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adenoma. In a meta-analysis of this body of work,
Boland et al. (6) noted that a threshold of 10 HU had
a sensitivity of 71% and a specificity of 98% for
distinguishing benign from malignant tumors.

The C- examination may be followed by an exami-
nation with intravenous contrast. Several authors have
demonstrated that the use of CT density washout
measurements is an accurate means of identifying adre-
nal adenomas (8–13). While both benign adenomas and

malignant neoplasms enhance, there is a rapid washout
of contrast in the group of benign adenomas. This can
be measured with the following technique.

After a C- CT, a C+ exam is conducted in two
phases; the first is performed approximately 70 seconds
after intravenous contrast injection has commenced,
usually at a rate of 2–3 cc/sec, with sections 3–5 mm in
thickness. This is followed by similar thickness imaging
15 minutes later, selectively through the adrenals. Mea-
surements are taken of the adrenal mass at each time
(Fig. 2). A percentage of washout (Fig. 3)—ameasure of
the diminution from peak enhancement—of 60% or
greater is typical of benign adenomas. Other neoplasms
remain enhanced to a greater degree at the 15-minute
interval and thus demonstrate a smaller percentage of
washout.

A variant of this technique has been described which
accounts for the common situation in which only a C+
CT was performed (9,10). A value, the relative percent-
age of washout, is calculated (Fig. 4), which takes into
account only the initial enhancement (peak CT number)
and the 15-minute delay value, since a C- exam for
baseline comparison was not performed.

These techniques have been repeatedly demonstra-
ted to have sensitivities on the order of 88% and
specificities of 95%. There have been modifications of
the technique and the thresholds, but all variants have
had similar results. While the one described above is
generally considered the standard practice at this time,
some authors have suggested that rather than calculate
a percentage or relative percentage washout at 15
minutes, one can simply set a CT measurement thresh-
old of 24 HU or less on a C+ exam at 15 minutes and
attain a specificity and sensitivity of 96% (12,13).
Conceptually these authors are measuring the same
thing, CT enhancement, utilizing a slightly different
technique.

Figure 2 This patient demonstrates a 2.2 � 2.0 cm left
adrenal mass that initially enhanced to 80 HU (A) and sub-
sequently diminished to 14 HU (B) on a 15-minute delayed

study. By both a raw threshold of 24 HU and a relative wash-
out percentage of 84%, this pattern suggests an adenoma.

Figure 3 Formula for calculating percentage washout.

Figure 4 Formula for calculating relative percentage wash-
out.
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6 CT FINDINGS IN SPECIFIC ADRENAL

SYNDROMES AND NEOPLASMS

6.1 Pheochromocytoma

Pheochromocytoma is a neoplasm arising in the adrenal
medulla which secretes catcholamines. Identification of
a pheochromocytoma on CT is often easy, at least in the
patient in whom it occurs spontaneously, as they are

relatively large tumors, often several centimeters in size
(Fig. 5). The exception to this rule is the patient with a
familial syndrome in whom pheochromocytoma is sim-
ply one manifestation of a multiorgan disease. Pheo-
chromocytoma may be discovered when significantly
smaller in size in these patients, whether or not they are
symptomatic. This observation particularly includes the
MEN syndromes. Whereas a small adrenal nodule un-

Figure 5 This patient with Von Hippel Lindau syndrome demonstrates a mass at the right adrenal, which proved to be a

pheochromocytoma (A). There is an additional subcentimeter nodule noted at the left adrenal, which proved to be a second
pheochromocytoma (B). This latter lesion is unusual in that it is small. Generally these tumors first come to attention when
several centimeters in size. However, in the event of a familial syndrome, when deliberately searched for they can be discovered
when quite small. One can also see several solid renal masses, consistent with hypernephromas (C), also a part of this syndrome.
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der 1–2 cm in size, the incidentaloma, may simply be
followed in an otherwise normal host, all such nodules
must be regarded as suspicious for pheochromocytoma
in the patient with a familial syndrome.

Its origin from the adrenal medulla is not discernible
on CT, even with thin sections. Thus, when identified in
an asymptomatic patient, CT does not provide many
clues to distinguish this tumor from other neoplasms.

Intravenous contrast must be employed judiciously
in a patient with a pheochromocytoma (4,14,15). The
utilization of contrast is contraindicated in patients with
this tumor if they are not pharmacologically blocked
with alpha and beta antagonists, as an adrenergic crisis
may be induced. There is some evidence that this
reaction is less likely to occur with the newer nonionic
contrast agents (15).

A significant number of pheochromocytomas, up to
10%, arise in an extra-adrenal location.While they may
occur almost anywhere in the body, the sympathetic
chain is a common site. Thus, CT has the advantage of
providing good visualization of most of the sites at
which this tumor may occur. Given the relatively high
frequency of occurrence along the sympathetic chain,
attention to the paraspinal region is warranted.

6.2 Cushing’s Syndrome

The status of the adrenals will vary depending on the
underlying etiology of the patient’s Cushing’s syn-
drome (16). The most straightforward finding is in the
20% of patients in whom the cause of Cushing’s syn-
drome is an isolated adrenal cortical adenoma secreting
cortisol. Such functioning adenomas are often over 2 cm
in diameter and easily discerned on CT. The more
common etiology of Cushing’s syndrome is Cushing’s
disease, in which there is an ACTH-secreting pituitary
tumor. In this situation both of the adrenals may vary in
appearance from normal to thickened.

6.3 Conn’s Syndrome—Hyperaldosteronism

Hyperaldosteronism is caused by a benign adrenal
adenoma in up to 65–80% of cases (3,17). The remain-
der of the cases usually have bilateral adrenal hyper-
plasia. This diagnosis may be suspected when a patient
is undergoing an evaluation for hypertension and hypo-
kalemia is detected. The adenomas causing this syn-
drome are usually small, measuring less than 1 cm (18).
However, given the current state of CT, they are easily
detectable. If fact, the challenge is to distinguish these
small tumors from normal variants and/or bilateral
hyperplasia. In one study, Doppman et al. (19), found

that the most common error was to interpret thickened
adrenals with multiple small nodules as bilateral hyper-
plasia, when in fact there was a small adenoma present;
their conclusion was that one may be confident of a
diagnosis of adenoma on CT but must be wary of a
diagnosis of hyperplasia. The therapies are different:
surgical in the case of the adenoma and medical for
hyperplasia.

6.4 Myelolipoma

Myelolipoma is an unusual tumor of the adrenal. It is
composed of mixed elements, including myeloid, ery-
throid, and fatty elements. They have a typical appear-
ance on CT examination; that is, they can be seen to
contain a significant amount of discrete fat (20). The
demonstration of islands of fat in a small to moderate-
sized lesion is considered diagnostic. Sometimes this
requires measuring CT numbers. Note that as opposed
to benign adenomas in which the fat is histologically
intermixed throughout the tumor, the fat in a myeloli-
poma is in well-delineated and bounded collections.

6.5 Adrenal Carcinoma

Adrenal carcinoma is usually a large neoplasm arising
from the adrenal cortex. They are often larger than 4 cm
in size, and they on occasion may be bilateral. Approx-
imately one half of these tumors are functioning with
some secondary syndrome related to the production of
hormones. Their large size is recognized on CT, where
they are usually noted to be heterogeneous and occa-
sionally demonstrate flecks of calcium. They are indis-
tinguishable from large metastasis.

6.6 Adrenal Hemorrhage

A variety of etiologies can cause adrenal hemorrhage,
including trauma, stress, shock, postpartum necrosis,
and coagulopathy. These may all result in hypofunction
of the glands, particularly when bilateral. Acute hem-
orrhage is characterized on CT by enlargement of the
gland, which may or may not maintain its shape, and an
increase in the density of the gland. The region of
hemorrhage usually diminishes in both size and density
over time and may ultimately calcify.

6.7 Adrenal Calcifications

Adrenal calcificationmaybenoted in several conditions,
some neoplastic and some not. In the context of endo-
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crine disease it is simply a sign that some pathological
process has occurred in the adrenals and may be an
etiology of an endocrinological syndrome. They can be
seen at the site of old granulomatous infections andprior
hemorrhage. They can also be seen as part of neoplastic
processes, including adrenal carcinoma. Hence, the
presence of a calcification in a mass does not exclude
the possibility of a tumor, even a malignant one.
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1 INTRODUCTION

Endocrine tumors of the adrenal arise from either the
cortex or the medulla. Magnetic resonance imaging
(MRI) is most commonly used to investigate a clinical
syndrome caused by hormonal hypersecretion or to
study an adrenal mass detected on some other imaging
test. Functional tumors are usually smaller and more
difficult to detect than nonfunctional tumors, which
usually present at a later stage with local complications
of a mass or metastatic disease. Less commonly, pa-
tients with a known primary malignancy are evaluated
for possible adrenal metastasis (1–4).

2 MR IMAGING

Particularly useful in the imaging of the adrenals is a
variation on the T1 sequence called the chemical shift
(CS) technique, which utilizes the principle of the differ-
ences in motion or rotational frequencies of water and
lipid protons. Two T1-weighted gradient echo sequen-
ces are performed with different echo times. The first is
called an ‘‘in-phase’’ sequence, where water and fat are
at the same point in their cycle and so their signals are
additive. Second, an ‘‘out-of-phase’’ sequence is per-
formed in which fat and water are at opposite points in
their cycle and so their contributions to the MR signal
are destructive and cancel out. Observation of a relative

loss of signal intensity on opposed-phase images com-
pared with that on in-phase images indicates the pres-
ence of relatively small amounts of intracellular lipid in
tissues (15). This finding has been shown to correlate
well with density measurements in computed tomogra-
phy (CT) (16) and histological findings (17). Adrenal
adenomas are homogeneouswith low signal intensity on
T2-weighted images.

Formany yearsCTwas the imagingmethod of choice
(18–21) in evaluating a possible adrenal mass. Means of
differentiating benign from malignant lesions include
evaluation of attenuation values or ‘‘density’’ and con-
trast enhancement patterns (22,23). There is no doubt
that MR is playing an ever-increasing role in the eval-
uation of adrenal lesions.

3 MR IMAGING OF THE NORMAL

ADRENAL GLAND

The normal adrenal gland is hypo-intense or dark in
relation to the liver and renal cortex but more intense
or bright than adjacent vascular structures on T1- and
T2-weighted images (Fig. 1). Some authors purport
to being able to differentiate between two regions of
different signal intensity thought to represent cortex
and medulla differentiation, with the medulla being
brighter than the cortex (27). The normal gland enhan-
ces homogeneously with the maximal signal intensity
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observed at approximately 2.5 minutes after injec-
tion of contrast (28). This remains elevated to at least
50% of maximal intensity for up to 20 minutes (29)
(Fig. 2).

When the adrenals are inspected either qualitatively
or quantitatively with the chemical shift technique, the
signal intensity of the adrenal is compared to that of an
adjacent organ in both the in-phase and out-of-phase
sequences. Although traditionally the liver was used as
the comparative organ, the adrenal: spleen ratio has
been found to be the most accurate (35) (Fig. 3). The
singnal intensity measurements of these organs are
applied to a formula to assess whether or not there is

signal loss and, therefore, the presence of intracellular
lipid (Fig. 4). A number of studies have compared the
value of qualitative and quantitative assessment of the
adrenals (35–38), with most concluding that experi-
enced observers were able to differentiate adenomas
from metastases just as well as quantitative measures.

A study of the adrenal gland should, therefore,
include high-resolution images through both glands.
Slice thickness should be 4 mm or less. A standard
examination of the adrenal should include the follow-
ing: T1 in- and out-of-phase gradient echo images and
a T2 sequence. Optional sequences include postcon-
trast (41).

Figure 1 Axial T1 (A and B), axial T2 (C), and coronal T2 (D) MR images of normal adrenal.

Berning and Goldman344



Figure 2 Axial T1 MR images with fat suppression of normal adrenal glands (arrows) shows some mild early enhancement
following the injection of gadolinium (A), whichwashes out on glands (arrows) in different patients. In all sequences the adrenals are
relatively low in signal intensity in relation to the liver (L) and renal cortex (R) delayed postcontrast images (B).

Figure 3 Axial T1MR images of a normal left adrenal gland both in (A) and out of phase (B) (arrows). Due to the small size of the
adrenals, comparison with the spleen (S) is difficult. Note the India ink or chemical shift artifact at the junction between the adrenal

and the surrounding fat seen on the out-of-phase images (B).
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4 MR IMAGING OF ADRENAL TUMORS

The use of MR in the investigation of the adrenal gland
in neuroendocrine disease is well documented in the
literature (1,42–44). Adenomas usually are low in signal
intensity and are iso-intense to liver on T1 and T2
sequences (39), similar in appearance to the normal
gland (45) (Figs. 4A, 5–7). Adrenal carcinomas may
be iso-intense or hypo-intense to liver on T1 but are
usually hyper-intense on T2 and heterogeneous on T2-
weighted images (46) (Figs. 8 and 9A). Metastases are
also often heterogeneous and high in signal intensity on
the T2-weighted sequences (30).

Numerous studies have established the superiority of
the chemical shift technique in differentiating adenomas
frommalignant lesionswhen compared to other sequen-
ces (15,38,47–49). Adrenal adenomas are derived from
cells of the adrenal cortex that contain intracellular
lipid, and so they characteristically lose signal on the
out-of-phase sequence using the chemical shift techni-
que (Figs. 4, 7A,C). Malignant lesions and metastases
have very little if any intracytoplasmic lipid and so do
not lose signal (Fig. 8). The larger the percentage of
lipid, the more definitively one is able to differentiate
adenomatous from nonadenomatous lesions.

The majority of adenomas show a homogeneous
capillary blush on immediate postcontrast images with
rapid washout (50,51) (Fig. 7D). Some studies describe
a central spot of hyperintensity (39,52). Malignant
lesions do not demonstrate the capillary blush and
usually show marked enhancement on delayed images
(13,34), but overlap in appearances does exist (13,37,
51,53–55) (Fig. 9B–D).

The most comprehensive study to date compared
over 100 patients with adrenal masses with histopath-
ological results using a combination of chemical shift
and dynamic gadolinium-enhanced images confirming
thatMRcan be used to characterize adrenal lesionswith
a high degree of specificity and sensitivity (18). Sensi-
tivities, specificities, and accuracies of 91, 94, and 93%,
respectively, were achieved. While a number of other
studies have proposed a combination of chemical shift
and gadolinium techniques (24,37,48,56,57), the use of
contrast enhancement patterns to differentiate adrenal
lesions still remains an optional and complementary
technique (50). Chemical shift remains the single pre-
ferred method of evaluating the adrenals in most insti-
tutions.

The problem, however, still remains of delineation
of indeterminate lesions (30,31,58,59). This is due to the

Figure 4 Axial T1 MR images demonstrating a loss of signal of the left adrenal gland (arrows) in relation to the spleen (S) on the

out-of-phase images (B) compared to the in-phase images (A). This indicates the presence of intracellular lipid and is in keepingwith
an adenoma. Incidentally there is a left lobe hepatic hemangioma (arrowhead).Note again that the out-of-phase sequence (B) can be
identified by the chemical shift or India ink artifact outlining organs at the fat/fluid interfaces (curved arrow).
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Figure 6 Axial T1 in-phase (A) and single-shot T2 (B) MR images of a left adrenal adenoma (arrow) seen in Figures 4 and 5,

which is iso-intense on both sequences when compared to the liver (L).

Figure 5 Axial T2 FSE (A) and single-shot (B) images of the same patient. In A the image is fat-suppressed, which increases the
conspicuity of the adrenal lesion (arrow). The hepatic hemangioma is bright on both sequences (arrowheads).
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wide variation in histological characteristics of both
benign and malignant lesions (60–62), which contrib-
utes to a wide range of T1 and T2 values as well as
varying appearances on chemical shift techniques.
In particular, larger adenomas, which may contain
foci of calcification, cystic change, degeneration, and
hemorrhage, may be impossible to differentiate from
carcinomas (63). Two other entities complicate the diffe-
rentiation: collision tumors where benign and malig-
nant tumors coexist, and a zonal phenomenon where

adjacent lipid-rich and lipid-poor regions abut one
another (60,62).

5 SPECIFIC SYNDROMES

5.1 Cushing’s Syndrome

Most patients with Cushing’s syndrome do not have a
primary neoplasm of the adrenal cortex but have
increased corticotrophin production by the pituitary

Figure 7 Axial T1 in-phase (A) and single-shot T2 (B) MR images of a left adrenal mass (arrow) in a different patient which is
also relatively iso-intense on both sequences when compared to the liver (L). In (A) the intensity of the adrenal is similar to that
of the spleen (S). On the out-of-phase image (C), the adenoma loses signal in relation to the spleen, indicating the presence of

intracellular lipid and, therefore, in keeping with an adenoma. Axial T1 with fat suppresion immediate postgadolinium image (D)
shows minimal enhancement.
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gland (70–90%). Such patients may demonstrate hy-
perplasia of both glands (64,65), which have the same
signal characteristics as the normal adrenal gland. The
other 10–30% of Cushing’s patients have a demon-
strated focal mass, of which about 70% are adenomas
(Fig. 10). Characteristically adenomas are intermediate
in size (mean 3.3 cm) and are accompanied by atrophy
of the nonneoplastic adrenal tissue. Other causes of
Cushing’s syndrome include carcinoma or unilateral
adrenal hyperplasia (66). Carcinomas are larger, with
a mean size of 8.6 cm. The first line of investigation in
Cushing’s syndrome, therefore, should be MR of the
pituitary gland. If this examination is negative, then
evaluation of the adrenals with MR may be performed
to locate a possible adrenal mass.

5.2 Conn’s Syndrome

Approximately two thirds of cases of Conn’s syndrome
demonstrate an adrenal adenoma which is character-
istically small (<2 cm) and homogeneous in appearance
with the typical signal intensities described for adeno-
mas (25,67). Alternatively, hormone hypersecretion
may be due to unilateral adrenal hyperplasia or bilateral
hyperplasia with no true adenoma (68,69). Adrenal vein
sampling remains the gold standard for lateralization of
function and cure by unilateral adrenalectomy. Fewer
than 1% of cases are due to carcinoma. One study dem-
onstrated decreased intracellular lipid in some adeno-

mas, but this has not been shown to affect the signal
intensity on chemical shift techniques.

5.3 Pheochromocytoma

Pheochromocytoma arises from the adrenal medulla,
can appear brighter than the adrenal cortex, but iso- or
hypo-intense to liver on T1 (Fig. 12) and markedly
hyper-intense or bright on T2 (Fig. 13A). These tumors
are hypervascular and show significant enhancement
with gadolinium with a variable homogeneous/het-
erogeneous pattern (70,71)(Fig. 13B). They may be
complicated by hemorrhage, cystic degeneration, or
necrosis, which can alter the imaging findings. Adrenal
medullary hyperplasia, which may occur as a precursor
to frank pheochromocytoma, has similar imaging, ap-
pearance (72,73).

Pheochromocytomas may be associated with a mul-
tiple endocrine neoplasia (MEN), a neuroectodermal
disorder, or with other inherited neoplastic syndromes.
Extra-adrenal pheochromocytoma can occur anywhere
along the sympathetic chain from the neck to the sacrum
(74). However, because 98% of tumors are subdia-
phragmatic and 85–90% arise within the adrenal me-
dulla, imaging the upper abdomen and adrenal area is
usually adequate.

Ten percent of pheochromocytomas are malignant,
with the diagnosis usually made clinically based on the

Figure 8 Axial T1 MR images demonstrating a moderate-to-large sized right adrenal mass (arrow), which is hypo-intense when
compared to the liver (L) and shows no loss of signal on out of phase images (A) when compared to the in-phase images (B).

Unfortunately, the patient has no spleen for comparison, so the liver is used instead.
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presence of extensive local invasion or, more reliably,
metastatic disease. Although nuclear pleomorphism
and other findings suggestive of malignancy are present
in some tumors, they do not correlate with malignant
behavior. Metastases may occur in liver, bone, lymph
nodes, brain, and lung and may be hormonally active.
Metastases must be distinguished from multifocal
tumors occurring elsewhere in areas of neural crest tis-
sue (75), which occur in about 10% of cases. Although
scintigraphy with iodine-labeled meta-iodobenzylgua-
nidine (MIBG) offers the greatest specificity, it is not as

sensitive as MR imaging, failing to visualize some tu-
mors. In a recent study of 282 patients in which MR
imaging, CT, and MIBG were compared, MR imaging
was the most sensitive study for localizing adrenal and
extra-adrenal pheochromocytomas (76).

5.4 Adrenocortical Carcinoma

Adrenocortical carcinoma is rare. Thirty-eighty percent
are functional lesions, usually small in size, most com-
monly resulting in Cushing’s syndrome. Nonfunction-

Figure 9 On the axial T2 MR images (A) the mass (arrow) is only mildly hyper-intense but shows quite significant enhancement
with contrast (B–D). There is a central area of decreased intensity in keeping with hemorrhage or necrosis (arrowhead). This was

histologically proven to be an adreno-cortical carcinoma.
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ing lesions are usually large (12–16 cm), show hetero-
geneous enhancement, intermediate to high signal in-
tensity on T2 and possibly high signal intensity on T1 if
there is complicating hemorrhage. They do not lose
signal on out-of-phase imaging and show progressive
enhancement on delayed images (Figs. 8, 9). Local and

distant metastatic spread may occur. Local invasion
may involve the adrenal veins, IVC, and right atrium.
Metastatic deposits occur in the liver, lungs, bone, and
regional lymph nodes.

5.5 Differential Diagnoses

5.5.1 Metastases

Adrenal metastatic masses may occur with a known or
unknown primary source and may or may not be
associated with a hormonal clinical syndrome. The
lesions are characteristically intermediate in size (mean
size 4 cm), show rapid growth, have ill-defined margins,
and show heterogeneous signal intensity and variable
enhancement.

5.5.2 Adrenal Myelolipoma

These lesions demonstrate increased signal intensity
relative to liver on T1 and T2 sequences, but appear-
ances vary depending on the amount of fat they contain
and the predominance of other tissue (77,78) (Fig. 14).

5.5.3 Hematoma (Adrenal Pseudocyst)

Variation in appearance depending on the stage of he-
moglobin degradation is seen in hematomas (79,80).
Serial imaging, however, usually demonstrates an evolv-
ing lesion that changes in signal intensity and may
shrink or totally disappear over time (Fig. 15). There
usually is minimal rim enhancement.

Figure 10 Axial T1 in phase (A) and T2 fat-suppressed (B) MR images of a right adrenal mass (arrow) in a patient with
increased cortisol production. The mass is relatively low signal on T1 and high signal on T2 in relation to the liver (L). Despite its
large size and discrepant features, this proved to be a benign cortisol-secreting adenoma.

Figure 11 Axial T1 fat-suppressed postcontrast MR image

of the same patient demonstrates minimal enhancement
(arrow).
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Figure 12 Axial T1 in- (A) and out-of-phase (B) MR images of a moderate-sized right adrenal mass (arrow), which is relatively
hypo-intense to the liver (L) and shows no signal loss in relation to the spleen (S) on the out-of-phase images.

Figure 13 Axial T2 fat-suppressed (A) MR image demonstrates marked hyper-intensity of the adrenal mass (arrow), which is
typical for a pheochromocytoma. The axial T1 postgadolinium (B) MR image shows minimal enhancement.
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5.5.4 Lymphoma and Adenomatoid Tumor

Both of these may produce nonspecific findings approx-
imating those of carcinoma or metastases (59,81).

5.5.5 Retroperitoneal Bronchogenic Cyst

This lesion is rare but may present as a retroperito-
neal lesion which is bright on T2 sequences and,

therefore, may be mistaken for pheochromocytoma
(82).

5.5.6 Congenital Adrenal Hyperplasia
and Ectopic Adrenal Cortex

Adrenals may be hyperplastic or ectopic but usually
display signal intensities of normal adrenals (83,84).

Figure 14 Axial T1 (A), single-shot T2 (B) and fat-suppressed postgadolinium MR images (C and D) of a right adrenal

angiomyelolipoma (arrow). In A and B it is bright but loses signal on the fat-suppressed postgadolinium images, indicating the
presence of fat.
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6 CONCLUSION

The choice of preoperative imaging will depend very
much on the specific clinical problem, the local exper-
tise, and the availability of imaging techniques. The
chemical shift technique is undoubtedly extremely useful
in identifying benign adrenal lesions, but the problem
still remains of classifying indeterminate lesions. MR,
however, should be the examination of choice in patients
with renal disease and compromised renal function.
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1 INTRODUCTION

Almost 70 years ago, George Hevesy initiated the use of
radioactive tracers to map metabolic processes (1,2). In
the mid-1930s, studies in human subjects were accom-
plished primarily in the thyroid gland using radioactive
iodine (I-131). For many decades, I-131 remained the
only specific radionuclide for the diagnosis and treat-
ment of thyroid diseases (3–7). Subsequently, phospho-
rus (P-32) was used for treatment of patients with bone
tumors, leukemia, polycythemia vera, and bony metas-
tases from cancer of the breast and prostate. Prior to the
development of computed tomography (CT) scanning
and magnetic resonance imaging (MRI), abdominal
ultrasound, plain radiographs, and pyelography were
the means of initial evaluation of the adrenal masses.
Definitive diagnosis was made by invasive procedures
like arteriography, venography, and adrenal venous
sampling.

The development of scintigraphy as a noninvasive
means of studying the adrenal cortex relied on several
discoveries. It was known that labeled cholesterol is
concentrated in the adrenal cortex and is the precursor
for synthesis of adrenal corticosteroids. Later, it was
found that carbon (C-14)-labeled cholesterol was avidly
taken up by the adrenals in many species of animals (8).
C-14 cholesterol cannot be used for imaging, but this

observation led to imaging of the adrenal glands in vivo
by noninvasive methods using labeled cholesterol ana-
logues with other isotopes. Endocrine imaging using
specific radiopharmaceuticals has been quite successful
in answering many important functional and biochem-
ical questions related to specific clinical problems raised
by clinicians and basic scientists. Subsequent improve-
ment in the anatomical imaging techniques using
high-resolution CT scan and MRI have given better
anatomical diagnosis, but the unique physiological in-
formation provided by scintigraphic imaging remains
clinically important.

2 ANATOMY

The adrenal glands are inverted V-shaped, triangular
structures located along the upper medial pole of the
kidneys at the level of the 11th thoracic vertebra on the
left and first lumbar vertebra on the right. The average
weight of a single gland is about 5 g, measuring 5 cm in
length, 2.5 cm in width, and 0.6 cm in thickness. The
adrenal cortex forms about 80–90% of the entire gland.
The outermost layer of the cortex, the zona glomeru-
losa, represents about 15% of the total mass and is the
primary site for aldosterone secretion. The next layer,
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the zona fasciculata, represents 75% of the adrenal
cortex and is the main site for cortisol secretion, while
the innermost layer, the zona reticularis, represents
about 10% of the adrenal cortex and is the primary site
for androgen and estrogen production (9).

3 ROLE OF IMAGING

Tumors of the adrenal glands are relatively uncommon.
With improvement of imaging modalities, clinically
unimportant nodular changes caused by fibrosis, hem-
orrhage, and cyst formation can be detected (10–12).
Three percent of normotensive individuals may show
such changes with this percentage increasing with
advanced age. These nodules may measure up to 3 cm
and are more frequently seen in hypertensive and
diabetic patients. Moreover, during routine abdominal
examination with CT scan, many benign masses less
than 1 cm may be detected. MRI and sonogram can
detect slightly larger lesions. Patterns in MRI may
differentiate benign from malignant tumors and iden-
tify specific tumor types, especially when chemical shift,
fast low-angle shot MR (FLASH) imaging is used (13–
16). Radionuclide studies, however, are simple, non-
invasive, and probably the most cost-effective proce-
dures to elucidate functional abnormalities in the
adrenal cortex.

3.1 Tracers

Various radiopharmaceuticals used for adrenal cortical
imaging are shown in Table 1. In 1971, it was found that
C-14–labeled cholesterol is avidly taken up by the
adrenals in many species of animals and is the precursor
for synthesis of adrenal corticosteroids (8). C-14 has no
gamma emission and is therefore not suitable for imag-
ing. Many attempts to label cholesterol with I-131 were

unsuccessful until 19-iodocholesterol was synthesized
(Fig. 1a). After 8 days of injection, the adrenal-to-liver
ratio of 19-iodocholesterol was 200:1, and uptake in
tissues other than adrenal was largely cleared (17,18).
Later, the contaminant from 19-iodocholesterol syn-
thesis, 6-h-iodomethyl-19-norcholesterol (NP-59) (Fig.
1b) was found to have 5–10 times higher uptake than
19-iodocholesterol in the adrenals (19). Attempts to
synthesize evenmore avid compounds for adrenal local-
ization such as 6-iodocholesterol, side chain modifica-
tions, or labeling various esters or stigmasterol were not
successful. In the United States, NP-59 can be obtained
from the radiopharmacy of the University of Michigan
as an investigating radiopharmaceutical requiring indi-
vidual IND from the FDA. In Europe, selenium (Se-75)
methyl-selenocholest-5(6)en-3-h-ol and (Se-75) 6-h-
methyl-selenomethyl-19-norcholest-5(10)en-3-h-ol,
which has a biodistribution similar to I-131 NP 59, is
also available (20). Due to the longer physical half-life of
Se-75 and better photon contribution for imaging, Se-75
methyl-cholesterol, which is available from Amersham
as Scintadren, is preferable. In China, cholesterol
labeled at the 7 position was found to be more stable,
and its synthesis is much simpler than labeling at the
19 position (21).

3.2 Pharmacokinetics

Following intravenous injection, I-131 NP-59 is carried
in low-density lipoprotein (LDL), red blood cells, and
other lipoproteins and is stored within the lipid pool at
the LDL receptors of adrenocortical cells. Unlike C-14
cholesterol, NP-59 is not utilized for steroid synthesis.
The uptake in the normal adrenal in humans is about
0.16% (0.073–0.26%). The uptake of Se-75 methyl-
norcholesterol is 0.19% (0.09–0.30%) (20). The dosim-
etry of radiocholesterol is shown in Table 2 (22–24).
Once inside the adrenocortical cells, the radiocholesterol
is esterified, without any further metabolism of the 6-h-
norcholesterol. The enterohepatic circulationmay cause
some background intestinal activity and visualization of
gallbladder. Medications that affect tracer uptake
include steroids, loop diuretics, aminoglutethemide,
mitotane, and spironolactone. Adrenal secretagogues
adrenocorticotropic hormone (ACTH) and angiotensin
II have significant effects on accumulation of labeled
cholesterols and may increase adrenal uptake of the
tracer. Adrenal uptake of NP-59 is inversely related to
cholesterol pool size. Lowuptakemaybe seen inpatients
with serum cholesterol above 300mg/dL or after admin-
istration of potent corticosteroids. Dexamethasone may
suppress uptake to about 50% of normal.

Table 1 Radiopharmaceuticals for Adrenal Cortical
Imaging

19-Iodocholesterol
6-h-Iodomethyl-19-norcholesterol (NP-59)

6-Iodocholesterol
Se-75 methyl-selenocholest-5(6)en-3-beta-ol
Se-75 6-h-methyl-selenomethyl-19-norcholest-5(10)en-3-h-ol
Se-75 methyl-cholesterol

I-131 norcholesterol
F18 FDG
C-11 metomidate
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3.3 Scintigraphy Technique

Prior preparation for scanning with supersaturated
potassium iodide (SSKI), using 5–7 drops for adults
and 2 drops for children, is started 2 days prior to the
day of the scan and continued for the entire period of the
study, blocking uptake by the thyroid. Dexamethasone
is given at a dose of 1 mg orally every 6 hours starting
one week prior to the initiation of the scan and con-
tinued during the period of scanning. The activity of
normal cortical cells is suppressed by this dosing, while
functioning neoplastic cortical lesions are not. Laxa-
tives may be used to decrease the bowel activity and are
given in the evening prior to imaging. Intravenous
injection of 0.5–1 mCi of labeled NP-59 is given slowly
with the patient in supine position in an attempt to
minimize side effects (25). Some patients may complain
of dizziness, shortness of breath, chest tightness, palpi-

tation, or nausea, and hypotension may also occur. At
Memorial Sloan Kettering Cancer Center (MSKCC),
more than 80 patients have been studied without any
side effects. Thirty-minute posterior images of the lum-
bar area, including the kidneys, are obtained on days 3
and 5, and reimaging may be done on day 7. If needed,
anterior and lateral or oblique images are obtained as
well. SPECT imaging may also be performed with good
target-to-nontarget ratio (26,27) using a 360 degree
acquisition with 64 30-second steps.

4 CLINICAL APPLICATIONS

Silent adrenal masses are due to a number of causes,
such as cysts, lipomas, nonfunctioning adenomas, or
primary or metastatic carcinoma (12). Lymphoma may
involve the adrenal, causing diffuse rather than nodular
disease, occurring more often in non-Hodgkin’s lym-
phoma than in Hodgkin’s disease. It is present in about
4%of in lymphomatous patients on abdominal CT scan
but rarely causes impairment of adrenal functions.
Hemangioma is rare. Adrenal metastases may originate
from malignant melanoma, small-cell lung carcinoma
(found in 21–38%), renal cell carcinoma, breast, gastro-
intestinal, or ovarian primary (33).

Adrenal carcinoma is extremely rare and represents
0.05–0.2% of neoplastic disease (33). The mass is usu-
ally quite large at the time of diagnosis. Twenty to 40%
present with a mass of about 1000–5000 g, rarely less

Table 2 Radiation Dosimetry for Radiotracers

I-131 NP-59

Se-75 methyl-

norcholesterol
(rad/mCi) (rad/mCi)

Total body 1.8 1.4
Adrenals 26 6.1

Ovaries 8 1.9
Testes 2.3 —
Liver 2.4 3.5

Figure 1 (a, b) Chemical structures of adrenal cortical imaging agents.
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than 100 g. Local nodal invasion and hematogenous
spread to lung and liver is common. Analysis of data at
Memorial Sloan Kettering Cancer Center from January
1980 to December 1991 showed that 44 of 73 patients
had functioning tumors with excessive corticosteroid
but normal aldosterone secretion, and that 29 tumors
were nonfunctioning. One third of the patients had
tumors larger than 4 cm, one third had local invasion
with positive lymph node involvement, and 35% had
distant metastases to liver, lung, and bone (34). In 156
patients analyzed by the French Association of Endo-
crine Surgery, half had functioning tumors (35) with a
mean tumor weight of 714 g (12–4750 g). Twenty-two
patients had metastases at presentation.

5 SCINTIGRAPHIC FINDINGS

5.1 Normal Scan Findings

Uptake can be seen in normal adrenals on or after the
fifth day. There is usually mild asymmetrical adrenal
uptake with the left lower, more posterior, and more
intense than the right. There may be a 20–30% differ-
ence in counts, and this normal pattern should be
recognized (25,28).

Dexamethasone suppression can be used to distin-
guish the differential cortical uptake, and the duration
of the dexamethasone administration helps distinguish

the pattern (25,29,30). ACTH has been used to improve
the visualization of the suppressed adrenals (31,32).
Forty units of ACTH by intramuscular injection 2 days
prior to and 1 day after the tracer administration
facilitates visualization of the suppressed glands as in
cases of Cushing’s adenoma and autoimmune adrenal
dysfunction (30).

5.2 Cushing’s Syndrome

In patients with Cushing’s syndrome subjected to adre-
nal scintigraphy, one third may show normal looking
adrenals, one third may show ACTH-dependent hyper-
plasia, and about one third may show one or more
distinct focal masses in the diffusely enlarged, normal,
or atrophic gland. Cholesterol imaging may show sym-
metrical or asymmetrical increase of NP-59 or seleno-
methylcholesterol uptake in the adrenals or concentra-
tion in one adrenal with nonvisualization of the other,
depending on the functional status and degree of sup-
pressibility of circulating steroid hormones (29,36,37).
Bilateral symmetrical uptake is seen in Cushing’s dis-
ease from pituitary, hypothalamic pituitary or ectopic
ACTH hypersecretion. Bilateral uptake that is asym-
metrical is seen in ACTH-independent conditions like
cortical nodular hyperplasia, while bilateral nonvisual-
ization is usually seen in adrenal carcinoma. Unilateral
uptake is due to adenoma. Cholesterol imaging is also

Figure 2 53-year-old female with diabetes and refractory hypertension. Cushing features and hirsutism were present. There was
elevated serum and urinary free cortisol and suppressed ACTH level. A left adrenal mass and right adrenal hyperplasia was seen
on CT scan. NP-59 scan shows bilateral but asymmetrical uptake with more intense activity in left adrenal gland, consistent with

bilateral hyperplasia.
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often performed to assess the suppressibility of an
adrenal mass by a more potent corticosteroid such as
dexamethasone or to search for residual functioning
adrenal tissue following bilateral adrenalectomy (25).

Figure 2 shows a scan of a middle-aged woman with
Cushing’s manifestations, high plasma and urinary
cortisol, bilateral enlargement of the adrenals on CT,
with nodular appearance in the left. There was early and
persistent bilateral increase of uptake of NP-59 with
particularly high uptake in the left adrenal. Eventually
this patient had bilateral adrenalectomy for hyperpla-
sia. At surgery, the left adrenal gland measured 55 g and

right adrenal gland measured 86.4 g, consistent with
bilateral hyperplasia.

Figure 3 shows unilateral uptake in a woman with
Cushing’s adenoma. Adrenal scintigraphy can also be
helpful in localizing recurrent disease (Fig. 4).

5.3 Hyperfunctioning Adrenal Carcinoma

In general, adrenal carcinoma and metastatic lesions do
not take up I-131 NP-59. Some data are available that
suggest that certain carcinomas may show increased I-
131 NP-59 or Se-75 methylcholesterol uptake (38–41),

Figure 3 51-year-old female with hypertension, increased serum and urinary free cortisol, low ACTH, and right adrenal mass on
CT scan. NP-59 scan without dexamethasone suppression shows unilateral adrenal uptake consistent with adenoma.

Figure 4 49-year-old female had left adrenalectomy in 1970 for cortisol-producing tumor. She had recurrence of symptoms. NP

59 scan showed uptake in left adrenal bed. At surgery, 2.5 � 1.8 cm tumor was removed. In 1996, patient had recurrent
symptoms and NP-59 scan again showed left adrenal uptake, consistent with recurrence.
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possibly due tomore well-differentiated histology. Stud-
ies have shown that CT scan and MRI may be more
informative and show typical appearance of a large
adrenal tumor with central attenuation and calcification
in 30% of patients, with evidence of extension into the
left renal vein or inferior vena cava and presence of
tumor thrombi or local nodal involvement and visceral
metastases. Overall, radionuclide imaging with choles-
terol analogues does not play a very important role in
assessment of the functional status of these tumors.
F-18 flurodeoxyglucose PET imaging has been found
to be useful and shows hypermetabolic areas of primary
or metastatic disease of adrenal glands.

5.4 Primary Aldosteronism

Adrenal imaging is important in assessing adrenal
adenoma in patients with hyperaldosteronism (42–45).
Patients with Conn’s syndrome may show high plasma
aldosterone and low renin levels. This occurs in about
0.1–0.5% of hypertensive patients. About 70% of these
patients may have aldosterone-producing adenomas
and 15–30% have bilateral hyperplasia.

Hypo functioning or nonfunctioning adenomas may
take up I-131 NP-59 or Se-75 methylcholesterol. There
may be bilateral symmetrical or asymmetrical uptake.
Administration of dexamethasone 1 mg every 6 hours
for 7 days may suppress the normal adrenal completely
but not the hyperfunctioning adrenal adenoma. The
appearance of unilateral adrenal uptake under dexa-
methasone suppression before the fifth day indicates the
presence of an aldosterone-producing adenoma. Bilat-
eral early visualization before the fifth day, under
dexamethasone suppression, suggests the presence of
bilateral adrenal hyperplasia, which should be treated
medically. Bilateral late visualization of the adrenals is
nondiagnostic. SPECT imaging has also been used for
distinction between hyperplasia and adenoma (46).

About 12–20% of aldosteronomas are less than 1 cm
and may be difficult to localize on CT scans. Also,
diffuse hyperplasia of both glands may not produce
visible distortions on anatomical imaging. Scintigraphy
may help in such situations. NP-59 imaging with dex-
amethasone suppression is the most important tool for
identifying surgically curable hypertension due to aldos-
terone-producing adenoma.

Figure 5 shows adrenal uptake of NP-59 at 72 hours
after injection and 7 days after dexamethasone . Surgi-
cal removal of such tumor may cure the elevated blood
pressure, correct electrolyte abnormalities, and abolish
abnormal aldosterone secretion in two thirds of
patients. The results of Se-75 methylcholesterol and I-

131 NP-59 are comparable. The failure of blood pres-
sure control after removal of aldosterone-producing
adenomas is usually due to coexisting macronodules
in the contralateral gland. Figure 6 shows bilateral
uptake in glands of a patient with hyperaldosteronism
consistent with bilateral hyperplasia.

5.5 Adrenal Hyperandrogenism

Cholesterol imaging can be also used to detect the
source for hyperandrogenism in patients with virilism
and excessive secretion of adrenal androgens (30,47).
Bilateral early visualization is seen in bilateral hyper-
plasia, while androgen-secreting adenomas are seen as
unilateral focal uptake on the dexamethasone suppres-

Figure 5 50-year-old male with low plasma renin activity,
high serum aldosterone, and hypokalemia. NP-59 study
showed bilateral adrenal uptake with dexamethasone sup-

pression, consistent with bilateral adrenal hyperplasia.
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sion scan (29). Functional tumorous and nontumorous
ovarian disease has been evaluated by scintigraphy (48).
Bilateral late visualization is seen in the polycystic
ovarian disease and congenital adrenal hyperplasia.
Early nonvisualization may be seen in ovarian and
peripheral hyperandrogenism. Late bilateral visualiza-
tion may mean a normal pattern versus peripheral
hypersensitivity to androgens.

6 INCIDENTALOMAS OR ASYMPTOMATIC

ADRENAL MASSES

Scintigraphy using I-131 NP-59 has been shown to be
useful for evaluation of incidentalomas. When com-
pared with CT scanning, adenomas will show uptake at
the site of the lesion (concordant imaging) and carci-
noma or metastatic lesions will show no uptake at
the site of CT masses (discordant imaging) (39,49).

The sensitivity is reported to be about 30–70%, while
specificity may be close to 100%. For lesions greater
than 2 cm, the sensitivity is 100%. The sensitivity for
lesions less than 2 cm is 30% (50).

7 PET IMAGING

Positron emission tomography has been used for the
evaluation of many tumors, and its use in adrenal
masses has been studied (51–53). The sensitivity and
specificity of PET FDG imaging was about 100% and
94–97%, respectively. It was found to be very useful in
initial staging and follow-up of patients. Another tracer
that has been used is the 11-h-hydroxylase inhibitor
carbon (C-11) metomidate. This inhibits the synthesis of
cortisol and aldosterone within the adrenal cortex. It
shows high uptake in adrenal cortical tumors, with low
uptake in other organs (53).

Figure 6 35-year-old female with hypertension for 10 years which was not well controlled. There was low plasma renin activity,
high serum aldosterone, and low serum potassium level. CT scan showed a left adrenal mass, and high aldosterone levels were
found in the left adrenal vein. NP-59 study showed left adrenal uptake. At surgery, there was 2.5 � 1.5 cm tumor and a 1 cm

nodule in the left adrenal gland. After surgery the blood pressure and serum potassium levels returned to normal.
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1 INTRODUCTION

Iodine-131 (or iodine-123) meta-iodobenzylguanidine
(MIBG), a norepinephrine analogue, and indium-111
octreotide, a somatostatin analogue, are the two most
common radiotracers used for imaging adrenal medul-
lary tumors. Fluorine-18 fluorodeoxyglucose (FDG), a
positron-emitting radiotracer, has been utilized in
selected cases of these tumors. This chapter discusses
the diagnostic role of these radiotracers in the evalua-
tion of adrenal medullary tumors. Therapeutic applica-
tions of iodine-131 MIBG will not be discussed.

2 RADIOTRACERS AND TECHNIQUES

2.1 Radioiodinated MIBG

Radioiodinated-MIBG, a structural analog of guaneth-
idine and norepinephrine, was developed in 1980. It
demonstrated concentration in the adrenal medulla (1).
This compound is concentrated in tumors of sympatho-
adrenal lineage as well as a variety of neuroendocrine
tumors (2–4).

The localization of MIBG occurs primarily through
the type 1 amine uptake mechanism, with entry of the
agent into catecholamine storage vesicles of adrenergic
nerve endings and the cells of the adrenal medulla (5).
There is evidence that MIBG uptake is proportional
to the quantity of neurosecretory granules in the tumor.
Drugs known to or expected to interfere with MIBG

uptake include tricyclic antidepressants, cocaine, la-
betalol, reserpine, imipramine, calcium antagonists,
and amphetamine-like drugs (6–9). Therefore, these
drugs should be withdrawn before an MIBG study is
performed.

MIBG labeled with either iodine-131 (I-131) or
iodine-123 (I-123) can be used for imaging. While the
latter provides images of a higher quality due to better
physical characteristics of I-123, the former has a
longer half-life, which enables delayed imaging. Only
I-131 MIBG has been approved by the U.S. Food and
Drug Administration (FDA). Because free radioiodine
accumulates in the thyroid (Fig. 1), the patient should
be pretreated with Lugol’s solution (3 drops orally twice
a day for a week, starting 1–2 days before injection of
MIBG) in order to avoid excessive radiation exposure
to the thyroid.

AnMIBG scan shows varying levels of physiological
activity in the salivary glands, myocardium, liver,
spleen, and urinary bladder (Fig. 1). Activity in the co-
lon is noted on delayed images in some patients. Nor-
mal adrenal glands, kidneys and renal pelvis, nasal
mucosa and lacrimal glands may be visualized, partic-
ularly on I-123 MIBG images, due to the higher image
quality compared to I-131 MIBG. Detailed informa-
tion regarding the MIBG imaging technique has been
described (10,11). Obtaining additional images after
administration of renal radiotracer can be helpful in
confirming retention of radioactivity in the renal pelvis
(Fig. 2).
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2.2 Indium-111 Octreotide

Indium-111 octreotide is a somatostatin analogue.
Background information on this tracer is discussed in
detail in Chapter 44.

2.3 Fluorine-18 Fluorodeoxyglucose

Since Warburg discovered more than a half century
ago that cancer cells have increased glycolysis as com-
pared to benign cells (12), various mechanisms have
also been proposed for the accelerated glucose utiliza-
tion by malignant cells. These include enhanced rates
of glucose uptake by activation of glucose transport-
ers, especially glucose transporter-1 (Glut-1) (13,14), in-

creased concentration of hexokinase (15), and decreased
rates of glucose-6-phosphatase–mediated dephospho-
rylation (16).

FDG is a glucose analogue. Aggressive and prolifer-
ative growth of tumors is typically associated with
increased FDG uptake. FDG uptake may also be seen
in active inflammatory/infectious lesions due to uptake
by inflammatory cells. Thus, FDG uptake is not com-
pletely specific for malignancy. However, in general, the
higher the uptake value, the more likely it is that
malignant tissue is present. A negative study is very
useful in excluding the presence of malignant tissue.
AlthoughFDGpositron-emission tomography (PET) is
currently a widely accepted technique for general tumor
imaging, its utility in neuroendocrine tumors has not
been fully established.

Figure 1 A normal I-123 MIBG scan showing physiological activity in the salivary glands, myocardium (M), liver (L), colon
(C), and urinary bladder (B). Note that the thyroid gland (T) is also visualized, probably due to the presence of free iodine not
bound to MIBG.
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3 PHEOCHROMOCYTOMA

3.1 Diagnostic Accuracy of Radionuclide

Imaging

The initial experience in 400 patients at theUniversity of
Michigan (17) withMIBG scanning yielded a sensitivity
of 78.4% for the detection of primary, sporadic pheo-
chromocytoma (PCC), 92.4% in malignant PCC, and
94.3% in familial PCC, giving an overall sensitivity of
87.4%. The overall specificity was 99%. These authors
found essentially identical overall sensitivity and speci-
ficity in a larger series (927 patients) that was probably
expanded from their early series (18). Sensitivity and
specificity reported by other investigators in review
articles range from 79 to 95% and 88 to 99%, respec-
tively (10,19), while a small series reported an excep-

tionally poor specificity (17%) ofMIBG scintigraphy in
17 patients with multiple endocrine neoplasia (MEN)
type II–related PCC (20).

For imaging of adrenal PCCs, somatostatin recep-
tor scintigraphy (SRS) is less accurate than MIBG
scintigraphy, which seems particularly true in benign
PCC. This is probably because the majority of benign
lesions do not express a sufficient amount of somato-
statin receptors to be visualized. Another possible
reason is intense renal uptake, which could potentially
interfere with visualization of the adrenal gland. While
the majority of malignant PCCs showed increased
uptake on SRS with In-111 octreotide, only 20–25%
of benign PCCs were visualized (21,22). However, while
metastases were visualized with I-123 MIBG in 8 of 14
cases, with In-111 octreotide, 7 of 8 cases were visual-
ized, including three I-123 MIBG–negative cases (22).

Figure 2 I-123 MIBG scintigraphy shows pheochromocytoma (P) in the left adrenal gland in Patient 1. Two additional small
foci (short thin arrows) are noted, which correspond to urine activity retained in the renal pelvis of both kidneys. I-123 MIBG
scintigraphy performed on Patient 2 shows a solitary focus of mildly increased activity, which also turned out to be urine retained
in the left renal pelvis. The patient is status post–right nephrectomy.
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Theoverall accuracyofFDGPETfordetectingPCCs
as well as delineation of the tumor is somewhat inferior
to those with MIBG scintigraphy. However, some ag-
gressive tumors (MIBG-negative cases) show intense
FDG uptake (23).

Overall, MIBG scanning has a high diagnostic accu-
racy in detecting PCC. False-positive studies are rare.
MIBG scanning is particularly valuable in the local-
ization of tumors located outside the adrenal gland and
in determining the extent of disease (Fig. 3) (24). It
appears reasonably safe to conclude, based on data in
the literature, that MIBG scintigraphy is the radio-
nuclide imaging of choice, and that while SRS and
FDG PET are not as sensitive for detecting benign

PCCs, they can add further information in malignant,
MIBG-negative PCCs.

3.2 Radionuclide Imaging Versus Anatomical

Imaging

Investigators have reported that computed tomography
(CT) and magnetic resonance imaging (MRI) have a
significantly higher diagnostic sensitivity compared to
I-131 MIBG imaging during the initial evaluation, but
I-131 MIBG imaging and MRI has slightly better sen-
sitivity compared to CT when performed after surgery.
I-131MIBG has a higher specificity than CT/MRI both
before and after surgery. These authors concluded that

Figure 3 Metastatic pheochromocytoma. Bone scintigraphy demonstrating foci of increased activity in the manubrium (M),
lower sternum (S), third lumbar vertebra (V), and right acetabular region (A), all of which are seen on the I-123 MIBG scan. The
MIBG scan additionally shows a liver lesion (L), and small pelvic (P) and right proximal femoral lesions (F). The acetabular and

vertebral lesions appear to be more extensive on the MIBG scan.
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CT and MRI are useful in the initial evaluation of pa-
tients with suspected paragangliomas, but that MIBG
should be recommended during the postsurgical follow-
up (25).

While I-131 MIBG studies clearly have a lower sen-
sitivity but a higher specificity compared to CT/MRI,
investigators have reported that the sensitivity of I-123
MIBG imaging is similar to that of CT/MRI (11). This is
supported by a study of 120 patients with I-123 MIBG,
which suggested that I-123 MIBG imaging might be the
most sensitive screening test available for diagnosing
PCC (24).

In addition, MIBG scintigraphy can particularly be
valuable in patients with inconclusive laboratory re-
sults and CT (26). Besides, whole body imaging can be
performed with radionuclide studies as a single exam-
ination, which helps detect extra-adrenal neoplastic
sites.

Radionuclide imaging was found to be useful in the
characterization of nonhypersecreting unilateral adre-
nal tumors that had been originally detected on CT or
MRI (27). In that series, norcholesterol imaging, MIBG
imaging, and FDG PET imaging had a high PPV and
NPV for adenoma, PCC, and a malignant tumor, res-
pectively. Therefore, adrenal scintigraphy is recommen-
ded for tumor diagnosis and, hence, for appropriate
treatment planning, particularly when CT or MRI find-
ings are inconclusive for lesion characterization. Nor-
cholesterol imaging and its role in management of
adrenal tumors is discussed in another section of this
book.

3.3 Treatment Planning

When I-131-MIBG therapy is considered, MIBG imag-
ing should be performed before administering the ther-

Figure 4 (A) I-131 MIBG scan in an 18-month-old child. Anterior view of the chest and abdomen shows a large focus of

increased activity (NB) in the left upper quadrant of the abdomen consistent with neuroblastoma. (B) A follow-up bone scan.
The patient is status post–resection of primary tumor. Posterior images show a somewhat heterogeneous distribution of tracer in
the spine, but no discrete abnormalities. Initially, the bone scan was read as possibly demonstrating areas of decreased activity

(arrow), which could represent aggressive lytic metastatic lesions. (C) MIBG scintigraphy performed subsequently demonstrates
no uptake (which is normal) in the region of ‘‘relatively decreased’’ uptake on the bone scan. Actually, areas of ‘‘relatively
normal’’ uptake on the bone scan correspond to areas of increased MIBG uptake that involves nearly the entire spine and pelvis.

The patient was found to have diffuse marrow infiltration.
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apy dose in order to assess tumor uptake and the bio-
distribution of the compound in the body.

4 NEUROBLASTOMA

4.1 MIBG Imaging

Neuroblastomas (NB) in neonates and infants are usu-
ally detected initially by ultrasonography. An accurate
assessment of the disease extent and staging is essential
for clinical management decision and prognostication.
MIBG imaging is a well-established procedure in the
evaluation of NB with a cumulative accuracy of f90%
(11). The highest sensitivity is shown in the detection of
skeletal metastases (Fig. 4). MIBG imaging is reported
to detect 10–40% more lesions than bone scintigraphy,
although the latter remains the alternative modality in
MIBG-negative cases (11).

A multicenter study has also found MIBG scintig-
raphy highly specific. Only 4 of 100 nonsympathomed-
ullary tumors (non-PCC and nonneuroblastoma) in
childhood showed MIBG uptake, of which only two
were of non–neural crest origin (28).

4.2 Prognostic Value of Octreotide Imaging

Octreotide imaging, although not as sensitive for the
detection of NB as MIBG imaging, does provide prog-
nostic information. Several groups of investigators
have reported that the absence of octreotide uptake
in NB is associated with a poorer clinical outcome (29–
31). While MIBG imaging remains the best scinti-
graphic method for detecting neuroblastoma tumor
tissue, SRS can provide significant additional prognos-
tic information.

4.3 Assessment of Therapeutic Response

and Follow-Up

It has been reported that, in the presence of complete
normalization of the MIBG scan after chemotherapy,
the persistence of an abnormal signal in the bone mar-
row onMRI does not necessarily indicate persistence of
disease and that attention must be paid to the delay of
signal normalization on MRI in order to avoid false-
positive interpretation (32).

4.4 Intraoperative Probe Localization

Injection of radiolabeled MIBG before surgery can be
helpful for intraoperative detection of neuroblastoma

(33,34). This technique can be particularly sensitive in
the detection of early recurrence after treatment and
may be used in children undergoing relaparotomy (33).
Compared with I-123, I-125 labeling seems to have
a similar sensitivity but a higher specificity (34). The
method is reported to be useful to improve the quality
of macroscopic resection in widespread neuroblastoma
with nodal involvement, in sites with difficult access,
and in operations for relapse.

5 CONCLUSION

MIBG scintigraphy is a valuable, highly specific and, if
I-123 is used for labeling, fairly sensitive technique for
imaging pheochromocytoma and neuroblastoma. It
plays an important role in the diagnosis, staging, restag-
ing, monitoring of the therapeutic response and follow-
up, intraoperative radioguided surgery, and evaluation
of biodistribution before I-131 MIBG therapy. In-111
octreotide imaging has a role in prognostication of
patients with neuroblastoma. PET with FDG also
provides some diagnostic and prognostic information,
but further studies will be necessary to define its role
more clearly.
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1 INTRODUCTION

Adrenal venography has essentially been replaced by
computed tomography (CT) and magnetic resonance
(MR) as a method for detecting most adrenal masses.
Nevertheless, catheterization of the adrenal veins re-
mains a vital tool for obtaining blood for the localiza-
tion of small aldosterone-producing adenomas. In
addition, adrenal venous sampling is often necessary
in patients with hyperaldosteronism to differentiate
adenomas, bilateral hyperplasia, and automomous nod-
ules in patients with bilateral findings (1). Finally,
unilateral hyperplasia is a rare surgically correctable
cause of hyperaldosteronism that may require adrenal
venous sampling for accurate diagnosis (2).

2 TECHNIQUE

Adrenal venous sampling can be performed on ambu-
latory or hospitalized patients who have been off of
steroids for one week. The common femoral vein is
punctured and a 5 French vascular sheath is inserted.
The right adrenal vein is generally more difficult to
catheterize than the left as it enters the posterior as-
pect of the vena cava at the T-11 level in most patients.
Recently, our greatest success in entering this vein has
been with a Mickaelsson catheter, although a Cobra
(C2) or Simmons 1 catheter may be successful in some

patients. A blood sample is obtained by allowing the
blood to drip from the catheter directly into the collec-
tion tube. One cannot aspirate blood from the gland
with a syringe as it will collapse the tenuous venous
system.

After the right-sided sample is collected, the cath-
eter is withdrawn and a vena caval sample from below
the renal veins is obtained. The right adrenal catheter
is then exchanged for a left adrenal catheter and the
left adrenal vein is entered. This is generally easier
than the right side as the left adrenal vein has a fairly
constant site of drainage into the superior aspect of
the left renal vein at a point over the left pedicle of the
corresponding lumbar vertebrae. Anomalies of the left
renal vein such as circumaortic and retroaortic con-
figurations will alter the site of left adrenal vein entry
into the renal vein (3).

Once a blood sample is obtained from the left adre-
nal, we repeat the process in reverse after the slow ad-
ministration of cosyntropin (Cortrosyn) 0.25 mg IV
followed by an additional 0.25 mg mixed in 50 mL of
saline, infused over 20 minutes. This agent will accen-
tuate the differences between glands. The blood samples
that are collected are assayed for aldosterone and
cortisol so that a ratio can be generated that will take
into account the dilution of adrenal blood by non-
adrenal blood from collaterals, confluent branches,
and the vena cava (4,5). Venography may be performed
once adequate samples are obtained. The risk of damage
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to the adrenal vein and gland by retrograde venography
should be weighed against the potential benefit of addi-
tional information from this final venogram. Veno-
grams may be of some value in documenting the site
of the catheter at the time of sampling if assay results
prove questionable.

Examples of venograms in patients with normal
glands (Fig. 1), hyperplastic glands (Fig. 2), and a gland
with a left adenoma (Fig. 3) are presented.

3 EVIDENCE SUPPORTING ADRENAL

VEIN SAMPLING

The current role of adrenal venous sampling is essen-
tially limited to the evaluation of functioning masses
that are not successfully imaged on CT or MR. The

problem of the small nonfunctioning adrenal adenoma
may further confuse the significance of CT or MR
findings (6).

A recent paper by Magill et al. comparing adrenal
vein sampling and CT in 38 patients with aldosteronism
gave the following results: 15 patients with aldosterone-
producing adenomas proven by adrenal vein sampling
were analyzed; 8 had concordant findings with CT, 4
had discordant findings, and 3 had normal CT studies
(7). In a similar study in 34 patients byYoung et al. (8), 4
of 9 patients with bilateral masses had a unilateral
source of aldosterone production. Six of 15 with normal
or minimal adrenal limb thickening had a unilateral
source of aldosterone. Doppman et al. (1), in a study of
24 patients with primary aldosteronism, confirmed that
the most common error in diagnosis was to conclude
that the presence of bilateral nodules was consistent
with hyperplasia. In 6 of 7 patients with such a diag-

Figure 1 Normal adrenal venograms. (A) Right adrenal: note the triangular configuration with slightly concave boarders. (B)
Left adrenal: triangular configuration maintained as gland extends towards left renal vein.
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Figure 2 Hyperplasia. (A) Right: note the convex contour of the gland. (B) Left: contour less well-defined; venous system

somewhat obscured by collateral vessels.

Figure 3 Aldosteronoma (Conn’s tumor). (A) Normal right adrenal venogram. (B) Left adenoma (arrow).
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nosis, sampling and surgery demonstrated a unilateral
adenoma. The authors concluded that in a patient with
bilateral nodules, CT cannot distinguish between ade-
noma and hyperplasia.

Thus, adrenal venous sampling combined with imag-
ing studies offers the best means of demonstrating the
source of hyperaldosteronism (9).
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1 CUSHING’S SYNDROMES

Cushing’s syndrome is a symptom complex initially
described by Harvey Cushing in 1932 as ‘‘pituitary
basophilism’’ with a constellation of obesity, diabetes,
arterial hypertension, muscular weakness, and adrenal
hyperplasia (1). Whereas the term Cushing’s syndrome
is used for hypercortisolism of various etiologies,
Cushing’s disease, the most frequent form of the
homonymous syndrome, is caused by excess pituitary
adrenocorticotropic hormone (ACTH) from micro-
adenoma. All symptoms of Cushing’s syndrome result
from long-term exposure of tissues to glucocorticoid
excess. Although the entity is rare and difficult to di-
agnose, it should always be considered as the putative
cause of many diverse and nonspecific clinical manifes-
tations (2).

1.1 Epidemiology

There are limited epidemiological data about Cushing’s
syndrome. The annual incidence of pituitary-dependent
Cushing’s disease is in the range of 1–10 cases, and the
prevalence is about 39 per million people (3,4). The
female-to-male ratio in Cushing’s syndrome ranges
from 3 to 15:1 (3–5).

The most common cause of hypercortisolism is
the exogenous use of glucocorticoids for treatment of
other diseases. Eighty-five percent of endogenous Cush-
ing’s syndromes are caused by excess ACTH, mostly
from autonomous pituitary adenomas (Table 1). Ec-
topic secretion of ACTH from endocrine tumors of the
lung, thymus, or pancreas represents about 10% of the
ACTH-dependent Cushing’s syndromes (3,6,7). Ad-
renal adenomas and carcinomas comprise up to 25%
of all cases of hypercortisolism and suppress pituitary
ACTH production. Pseudo-Cushing’s syndrome is
caused by major depressive disorders or alcoholism
resulting in hypercortisolism and clinical and biochem-
ical features of Cushing’s syndrome, which disappear
with remission of the disorders (7) (Table 1).

1.2 Clinical Features

The most common and universal symptoms are weight
gain leading to central obesity, diabetes mellitus type 2,
and arterial hypertension, which are also prevalent in
the general population and therefore nonspecific. Clin-
ical manifestations more specific to Cushing’s syn-
drome are facial rounding (‘‘moon facies’’), caused
by thickening of facial fat, and a ‘‘buffalo hump,’’
caused by increased fat in the dorsal neck and supra-
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clavicular areas combined with kyphosis induced by
osteoporosis. Furthermore, patients may show signs of
proximal muscular weakness with thin extremities and
facial plethora or hirsutism. A relatively specific clin-
ical finding is the appearance of multiple wide purple
striae on the abdomen (wider than 1 cm), and viriliza-
tion is often seen in adrenal carcinoma (3,7) (Table 2).
In the early stage of the disease when the signs and
symptoms are less clear, the diagnosis of Cushing’s syn-
drome is difficult.

1.3 Diagnosis of Cushing’s Syndrome

The first test in the diagnosis of Cushing’s syndrome
should be simple to perform, noninvasive, and should
have a high sensitivity. Later, the definitive diagnosis
should be confirmed using tests with high specificity
(Fig. 1).

1.3.1 Urinary Free Cortisol

The measurement of urinary free cortisol (UFC) is the
established and most widely used screening test for
patients with clinical signs and symptoms of Cushing’s
syndrome. The normal range for UFC by radioimmu-
noassay (RIA) is 80–120 Ag/24 h. Values greater than
400 Ag/24 h are indicative of Cushing’s syndrome (8).
Assays of UFC in an outpatient setting offer a sensitiv-
ity of up to 100% and a specificity of 98% (9). Assay of
urinary creatinine is needed to minimize pitfalls from

incomplete collection and to ensure accurate results (7).
It has been shown that up to 11% of patients with
Cushing’s syndrome may have normal values in one of
four UFC assays. Therefore, the UFC should be per-
formed in two or three consecutive 24-hour periods to
increase the sensitivity and to avoid single test results
with normal values (10). False-positive test results in
UFC assays have been found in up to 50% of women
with polycystic ovaries and in up to 40% of patients
with major depression (11,12). Therefore, assays of
UFC cannot be used to distinguish between true Cush-
ing’s and pseudo-Cushing’s syndromes, but it is possible
to exclude true Cushing’s syndrome after obtaining
several results in the normal range.

1.3.2 Low-Dose Dexamethasone Suppression Test

Another screening method is the oral low-dose dexa-
methasone suppression test (LDDST). Dexamethasone
suppresses pituitary ACTH secretion through a nega-
tive-feedback mechanism without cross-reactivity in the
RIA of cortisol. In healthy patients, full suppression of
ACTHand cortisol production can be attained, whereas
autonomous cortisol production cannot be inhibited.
Two different tests are widely used: the 2-day test
introduced by Liddle in 1960 and the overnight test
introduced by Nugent in 1965. In the 2-day test (admin-
istration of 0.5 mg dexamethasone every 6 hours), a
UFC value greater than 10 Ag/24 h or a serum cortisol
concentration higher than 50 nmol/L confirms the

Table 1 Various Types of Cushing’s Syndromes

Frequency (%)

Diagnosis Study 1a (n=302) Study 2b (n=306) Study 3c (n=630)

ACTH-dependent Cushing’s syndrome

Cushing’s disease 66.0 68.3 68
Ectopic ACTH syndrome 7.1 10.5 12
Ectopic CRH syndrome >1 n.a. <1

Unknown source of ACTH n.a. 5.2 n.a.
ACTH-independent Cushing’s syndrome
Adrenal adenoma 18.0 7.8 10

Adrenal carcinoma 6.2 6.5 8
Nodular adrenal hyperplasia 2 1.6 1

Pseudo-Cushing’s syndrome

Major depressive disorder n.a. n.a. 1
Alcoholism n.a. n.a. <1

a From Ref. 18.
b From Ref. 16.
c From Ref. 7.
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diagnosis of Cushing’s syndrome with a sensitivity of
97–100% (5,13,14). In the overnight LDDST (admin-
istration of 1 mg dexamethasone at 11 p.m. or at mid-
night), a plasma cortisol level obtained at 8 am on the
following day that is lower than 5 Ag% or 138 nmol/L
effectively rules out Cushing’s syndrome (15). A lower
cut-off value of serum cortisol less than 50 nmol/L
reflects negative result and enhances the sensitivity up
to 98% (16). Both tests have a specificity of 87.5–100%
(13,17). The absorption and metabolism of dexametha-
sone, however, is influenced by various factors (18).
Interactions with drugs accelerating the metabolism
(e.g., phenytoin, rifampin) can induce increased hepatic
clearance of dexamethasone and lead to a higher rate of
false-positive results. Therefore, parallel measurements
of cortisol and dexamethasone plasma levels should be
taken into consideration to ensure adequate plasma
concentrations (19). In conclusion, LDDST is a good
screening test for Cushing’s syndrome, and negative
results of the UFC assays and use of low cut-off value
for serum cortisol definitively exclude the diagnosis of
Cushing’s syndrome (5,20).

1.3.3 Differentiation Between ACTH-Dependent
and ACTH-Independent Cushing’s
Syndrome

After establishing the diagnosis of Cushing’s syndrome,
studies should be performed to distinguish between
ACTH-dependent and ACTH-independent forms of
Cushing’s syndrome. As shown in Table 1, the great
majority of cases are ACTH-dependent, i.e., the cause is
hypersecretion of pituitary or ectopic ACTH. In up to
25% of patients, the cause is primary adrenal and
therefore ACTH-independent.

1.3.4 ACTH Assay

The most effective method of distinguishing between
ACTH-independent and ACTH-dependent forms
of Cushing’s syndrome is a plasma ACTH assay (21,
22). Whereas in ACTH-independent cases the plasma
ACTH levels are suppressed, the values for ACTH-de-
pendent cases are normal or elevated. The best time to
determine the plasma ACTH concentration is between
midnight and2a.m., the period of physiologically lowest
concentrations of cortisol and ACTH (23). Undetect-
able ACTH or levels<5 pg/mL (normal basal ACTH
levels 10–100 pg/mL) and a plasma cortisol >15 Ag/dL
are typical for ACTH-independent Cushing’s syndrome
caused by primary adrenocortical source. This assay
should be performed two or three times because of
pulsatile ACTH and cortisol secretion in patients with
Cushing’s syndrome. Values of plasma ACTH>35 pg/
mL are strong indicators of an ACTH-dependent Cush-
ing’s syndrome. The higher the value, the more likely is
an ectopic source of ACTH, mostly from small-cell lung
cancer (7). Whereas the diagnosis of ACTH-indepen-
dent Cushing’s syndrome should lead to imaging of the
adrenal glands, the differentiation among the various
causes of ACTH-dependent Cushing’s syndrome needs
further diagnostic evaluation (Fig. 1).

1.3.5 High-Dose Dexamethasone Suppression Test

Whereas corticotroph cells in Cushing’s disease retain
partial responsiveness to negative feedback regulation,
ectopic ACTH-secreting tumors generally resist feed-
back inhibition (5). The high-dose dexamethasone sup-
pression test (HDDST) is most effective in distinguish-
ing between Cushing’s disease and ectopic ACTH
syndrome. Nonsuppression or markedly elevated levels
of ACTH reflect an ectopic source, whereas suppression
of plasma ACTH and UFC indicates a pituitary ade-
noma. The standard procedure for the HDDST is a
2-day test with oral administration of 2 mg dexametha-

Table 2 Clinical Manifestations of Hypercortisolism

Frequency (%)

Sign/symptom Study 1a Study 2b

Truncal obesity 96 95

Facial fullness (‘‘moon facies’’) n.a. 90
Hypertension 68 85
Facial plethora 82 80

Impaired glucose tolerance/
diabetes mellitus 80 80

Menstrual irregularities/gonadal

dysfunctions 74 80
Hirsutism 72 70
Striae n.a. 70

Muscle weakness 64 65
Osteoporosis 38 55
Bruising 62 55
Impaired wound healing n.a. 55

Psychiatric disturbances/mood
disorders 68 50

Headache n.a. 40

Edema 18 40
Hypocalemic alkalosis n.a. 40
Fractures n.a. 35

Polydipsia 10 30
Fungal infections 6 n.a.

a From Ref. 13.
b From Ref. 39.
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Figure 1 Flow chart diagnosis of Cushing’s syndrome.
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sone every 6 hours and determination of the 24-hour
excretion of UFC on day 2 (14). Its efficacy has been
tested repeatedly (24,25), and a suppression of more
than 90% of the UFC on day 2 has a sensitivity of 69%
and specificity of 100% in verifying hypercortisolism
from anACTH-secreting pituitary adenoma (26). Prob-
lems of the standard HDDST are similar to the pitfalls
of the LDDSTmentioned above, with inadequate dexa-
methasone levels caused by diminished absorption or
increased clearance. Therefore, a modified test with
intravenous administration of dexamethasone over a
short period of time (1 mg/h for 7 h) has been recom-
mended by some authors (27,28).

1.3.6 Corticotropin-Releasing Hormone
Stimulation Test

Corticotropin-releasing hormone (CRH) induces an
exaggerated ACTH and cortisol response in pituitary
adenomas, but not in cases of ectopic ACTH secretion
(29–31), because the former, but not the latter, express
CRH receptors (32). Intravenous bolus of ovine CRH
(1 Ag/kg) is given and plasma ACTH and cortisol are
measured before and 15, 30, 60, 90, and 120 minutes
after CRH injection. An increase of plasmaACTHby at
least 35% of the mean basal values 15 and 30 minutes
after CRH injection has a sensitivity of up to 95%with a
specificity of up to 100% (33). Meta-analysis of pub-
lished series about the CRH stimulation test established
criteria for a positive response to be an increase of more
than 50% of plasma ACTH or greater than 20% of
plasma cortisol. Using these criteria, sensitivities of
86% and 91% and specificities of 95% and 95% for
ACTH and cortisol levels, respectively, were identified
(34). Driven by the concerns of possible antigenic effects
of the ovine CRH, the use of synthetic human CRH as
the stimulatory agent has been analyzed (35,36). A
comparison between ovine and human CRH revealed
similar responses in patients with Cushing’s disease,
nevertheless ovine CRH caused a greater response
(37,38). To date, no large studies using synthetic human
CRH have been published. Some rare reports have
shown a positive response in ectopic ACTH from CRH
stimulation (39,40), but generally a combination of
the CRH stimulation and HDDST will lead to cor-
rect differentiation between pituitary and ectopicACTH
hypersecretion.

1.3.7 Bilateral Inferior Petrosal Sinus Sampling

The simultaneous bilateral inferior petrosal sinus sam-
pling (BIPSS) has been described as the most accurate
and reliable method of distinguishing a pituitary from

ectopic source of ACTH production (41,42). After
placing catheters via the ipsilateral femoral vein into
each inferior petrosal sinus, peripheral and petrosal
sinus ACTH and cortisol are simultaneously measured
before and after stimulation with CRH (1 Ag/kg) at 3, 5,
and 10 minutes (41,42). A >2 basal ratio of central:
peripheral venous plasma ACTH and a threefold or
higher ratio after CRH stimulation yields a sensitivity
and specificity between 80 and 100% (21,43). In an
overall analysis of 21 published studies, a basal ratio
of >2 and a ratio of >3 after stimulation showed a
sensitivity of 96% and 100%, respectively (5). Accurate
BIPPS may also help to exactly localize the possible
pituitary adenoma as there is limited mixing of intra-
cavernous bloods from the two lobes of the pituitary
gland. A gradient between the left and right greater than
1.4 may predict lateralization with an accuracy up to
80% (18,44,45). An analysis of 19 published reports
showed an overall accuracy of 78% (range 50–100%)
(5). A single study has shown that BIPPS might even
have a higher diagnostic accuracy for the localization in
patients with Cushing’s disease than imaging using
magnetic resonance imaging (MRI) (46). Furthermore,
in at least 40–50% of cases of Cushing’s disease, no
abnormalities are detected by imaging (5). Although
this invasive procedure results in low morbidity in the
hands of experienced teams, it is not indicated as a
routine procedure (7,3,47). Complications range from
inguinal hematoma to serious neurological morbidities
(48,49). Indications for BIPPS are patients with clinical
Cushing’s disease but negative or equivocal pituitary
MRI, or patients with positive pituitaryMRI but equiv-
ocal stimulation and suppression tests (3).

Typical results leading to the diagnosis of Cushing’s
disease are clinical symptoms of hypercortisolism with
no suppression of cortisol and ACTH in the LDDST,
but suppression in the HDDST with exaggerated corti-
sol and ACTH response with CRH stimulation test
(Fig. 1).

1.4 Localization by Imaging

1.4.1 Pituitary Gland

In patients diagnosed with ACTH-dependent Cushing’s
syndrome, imaging should be used to identify and
localize a microadenoma in the pituitary gland. Either
computed tomography (CT) or MRI can be useful (2).
The CT scan in patients with Cushing’s disease caused
by a pituitary microadenoma usually shows a hypo-
dense lesion with no enhancement after contrast admin-
istration (50). The sensitivity and specificity for the
detection of microadenomas is only 47% and 74%,
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respectively (34). The introduction of the gadolinium-
enhanced MRI of the sella turcica established only a
modest improvement with a sensitivity of 50–60%
(51,52). In the majority of cases a positive MRI shows
a hypodense signal, which usually fails to enhance after
administration of gadolinium. In up to 5% of cases the
microadenomas show an uptake of gadolinium, there-
fore imaging of the precontrast phase is essential to
increase the sensitivity (53). Unfortunately, incidental
tumors of the pituitary gland without clinical or bio-
chemical signs of hypercortisolism are identified by
MR in up to 10% of the population and are seen in
27% of autopsies. Thus, a positive scan does not abso-
lutely con-firm the diagnosis (51,54). Furthermore, the
localization of microadenomas on CT or MRI corre-
lates with as little as 52% of intraoperative surgical
findings (55,56). Therefore, all imaging results should
always be correlated with clinical symptoms and bio-
chemical tests (7).

1.4.2 Adrenal Glands

Imaging is especially important in patients with ACTH-
independent Cushing’s syndrome caused by an adre-
nal adenoma or adenocarcinoma. Both thin-slice CT
(Fig. 2) andMRI of the adrenal glands have a sensitivity

greater than 95%. The distinction between adenoma
and adenocarcinoma has been shown to have an ac-
curacy of up to 100% (57,58). MRI appears to be es-
pecially useful for differentiating between benign and
malignant disease.

1.4.3 Ectopic Sources of Cushing’s Syndrome

If clinical signs and biochemical tests reveal an ACTH-
dependent hypercortisolism with negative results in the
dexamethasone suppression tests, the search for a pos-
sible source of ectopic ACTH production should be
performed using CT or MRI of the chest. A bronchial
carcinoid or small-cell carcinoma of the lung is the most
likely etiology (59–61). In cases of negative results
following imaging of the chest, an abdominal CT or
MRI may reveal rare sources of ectopic ACTH produc-
tion, such as pancreatic islet tumors or intestinal carci-
noid (62).

1.5 Surgical Treatment of Cushing’s Syndromes

Depending on the cause of the hypercortisolism, the
primary treatment of choice for the various types of
Cushing’s syndrome should be a surgical approach to
the pituitary gland, the adrenal glands, or possible
ectopic sources. Surgery is successful in more than 80%
of cases.

1.5.1 Transsphenoidal Adenomectomy

In patients with Cushing’s disease caused by a circum-
scribed microadenoma, surgery using trans-sphenoidal
selective adenomectomy is the first-line treatment of
choice (3). Otherwise, the neurosurgeon should resect
85–90% of the anterior pituitary gland (7). Total remis-
sion rates after transsphenoidal surgery are up to 80–
90% in expert centers (63–65), but a recent large multi-
center trial reported a remission rate of 69% (21). The
main criterion of cure after transsphenoidal surgery for
patients with Cushing’s disease is an undetectable post-
operative plasma cortisol level (66). Until recovery of
normal hypothalamic-pituitary-adrenal function, pa-
tients require replacement therapy with oral hydrocor-
tisone, 20–30 mg/day, for as long as 4–12 months after
surgery (7). A relapse after initial surgery is defined as
the recurrence of clinical and biochemical signs of
Cushing’s syndrome more than 6 months after surgery.
The success rate for a reoperation is less than that of the
initial surgical therapy, ranging between 22 and 64%
(67,68). Therefore, only patients with clear signs of
pituitary tumor on imaging should be considered for
reoperation. More commonly the procedure of choice

Figure 2 CT scan of the adrenals demonstrating a 1.5 cm
nodule in the left adrenal gland and a normal right adrenal
gland.

Wente et al.386



as second-line treatment for recurrent Cushing’s disease
after transsphenoidal surgery is irradiation, with a re-
mission rate of 83% (69). Used as first-line treatment for
patients with high surgical risk, irradiation will lead to
remission in about 45–55% of adult patients (64).
Because of the high remission rate of 85% in children,
irradiation should be considered as the first-line treat-
ment in children with Cushing’s disease (7,70).

1.5.2 Laparoscopic Adrenalectomy

A bilateral adrenalectomy is a reasonable treatment for
patients without cure after transsphenoidal surgery and
irradiation of the pituitary (3). It is the procedure of
choice delivering a definitive cure for hypercortisolism
but requires a life-long substitution of glucocorticoids
and mineralocorticoids. Furthermore, 10–25% of pa-
tients following bilateral adrenalectomy will develop
Nelson’s syndrome with the symptom triad of high
ACTH levels, a pituitary tumor, and dark pigmentation
of the skin (64). The surgical technique for the bilateral
adrenalectomy, as for all benign adrenal diseases in gen-
eral, should be the laparoscopic approach. This is a safe
procedure with shorter hospital stay and lower compli-
cation rates than the traditional open approach (71–73).

Cushing’s syndrome, as a primary adrenal disease
caused by micro- or macronodular adrenal hyperplasia,
also requires a bilateral adrenalectomy. On the other
hand, in cases of ACTH-independent Cushing’s syn-
drome caused by an adrenal adenoma or carcinoma,
unilateral adrenalectomy is the treatment of choice (7).
After unilateral adrenalectomy, replacement therapy of
glucocorticoids should be administered until recovery
of the hypothalamic-pituitary-adrenal axis (74).

1.5.3 Surgery for Ectopic ACTH Syndromes

As described above, the sources of ectopic ACTH syn-
dromes are most likely bronchial carcinoids or small-
cell lung carcinomas, which require a lung lobectomy
for cure (75). If the tumors are non-resectable (meta-
static, occult), control of hypercortisolism by bilateral
adrenalectomy or treatment with enzyme inhibitors
should be performed.

1.6 Medical Treatment of Cushing’s Syndromes

Although a variety of different medical approaches have
been established, the pharmacological therapy of
patients with Cushing’s syndrome should be considered
as an alternative approach to addressing the underlying
pathology. Possible targets for a medical approach are

the hypothalamic-pituitary axis, corticoid production
by the adrenal glands, or ACTH receptors directly.

1.6.1 Hypothalamic-Pituitary Axis

Drugs such as bromocriptine, cyproheptadine, ritanser-
ine, ketanserine, and valproic acid have been shown to
work only occasionally and are not definitively effective
in the treatment of hypercortisolism (76–80). A trial of
treatment with these drugs should cover at least 2 weeks
with frequent measurements of ACTH and urinary free
cortisol (UFC) tocheck forpossible response toa specific
drug or combination therapy (3,81).

1.6.2 Adrenal Glands

Various inhibitors of the steroid biosynthesis in the
adrenal glands are already in clinical use. Examples
are metapyrone, mitotane, and ketoconazole. These
medications unfortunately interfere with a variety of
reactions controlled by cytochrome P450. Therefore,
extraadrenal effects are likely to occur (81).Metapyrone
has been used for all kinds of Cushing’s syndrome and
as a result of androgen excess has side effects such as
hirsutism and acne (82). The most widely used enzyme
inhibitor is mitotane, which seems to have multifac-
torial effects on the regulation of the plasma cortisol
level. Beside the direct inhibition of steroid synthesis,
mitotane plays a role in the regulation of peripheral
corticoid metabolism (3,83). Ketoconazole can be ad-
ministered in lower doses than the other biosynthesis
inhibitors (84,85). Treatment with 600–800 mg/d may
keep the UFC values within upper normal levels, but in
some cases results in hepatotoxicity (86). Ketoconazole
treatment results in normalization of UFC in 43% of
patients and a reduction of UFC in an additional 42%
of patients, as reported in a recent multicenter study
(21).

1.6.3 ACTH Receptor Level

The first clinical available antagonist with affinity to
ACTH receptors in the adrenal glands is mifepristone.
So far, the experience with this drug for the treatment of
hypercortisolism is limited to a small number of pa-
tients, and the results have been mixed (87–89).

In summary, established medical therapy for the
treatment of hypercortisolism is useful only as an ad-
junctive therapy in patients with mild disease or after
surgery or pituitary irradiation. It may also be impor-
tant for palliative treatment of hypercortisolism in
malignant ectopic ACTH syndromes or adrenocarcino-
mas (7).
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2 CORTICAL CARCINOMA

Adrenocortical carcinoma is a rare disease with a re-
ported incidence in the United States of up to 2.0 cases
per million persons per year and accounts for 0.2%
of cancer deaths in the United States annually (90–94).
Most published series demonstrate a bimodal distribu-
tion in the incidence of adrenal carcinoma peaking
in the first and fourth decades (95,96). The bimodal
age distribution is significant since several studies have
found that children with localized adrenocortical carci-
noma have a better prognosis after surgery compared to
adults (97,98). The occurrence of adrenocortical cancer
in adults seems to be associated with a more aggressive
phenotype and poorer prognosis (99–101). Some studies
demonstrate an equal gender distribution (102,103),
while others show a predominance in female (95,
104,105) or male patients (106). Female patients, how-
ever, are more likely to harbor a hormonally active
tumor with symptoms of hypercortisolism or hyper-
androgenism. Very few data are available on the ethnic
distribution of patients with adrenocortical carcinoma.
Some studies suggest a predominance of Caucasians
over patients with African and Asian ancestry (95,
107,108).

The etiology of adrenocortical carcinoma is un-
known. Some believe that, like colon cancer, adreno-
cortical carcinoma develops from hyperplastic nodules
in the adrenal gland, which form adenomas that later
transform to a malignant phenotype. In support of this,
some patients have abnormal adrenal steroid produc-
tion preceding the development of adrenocortical carci-
noma by over 10 years (109,110). Cytogenetic analysis
suggests that loss of heterozygosity on chromosomes
11p, 13q, or 17p may be important in the pathogenesis
(111,112). Several more recent studies have implicated
p53 tumor suppressor gene in the pathogenesis of
sporadic adrenocortical carcinoma (113–115).

2.1 Clinical Features

Patients’ symptoms are first determined by the func-
tional status of the tumor. Adrenocortical carcinomas
are considered functional when they secrete significant
amounts of hormones leading to clinical symptoms.
Secretion of corticosteroids leads to Cushing’s syn-
drome, secretion of sex hormones to virilization or femi-
nization syndromes, and secretion of both hormones is
associated with amixed Cushing-virilizing/feminization
syndrome. Isolated secretion of mineralocorticoids is
rarely seen in patients with adrenocortical carcinoma
(95,116,117). Tumors are considered nonfunctional
when they do not produce significant quantities of

hormones leading to clinical consequences. Tumors
secreting large amounts of hormones (e.g., large quan-
tities of estrogens in woman) that do not lead to clinical
symptoms should be considered nonfunctional. Addi-
tionally, nonfunctional tumors can be transformed into
functional adrenal tumors with significant clinical
symptomatology.

Memorial Sloan-Kettering has reported that 60% of
patients presented with clinically evident functional tu-
mors and 40% presented with clinically nonfunctional
tumors (118). Based on large epidemiological studies,
most nonfunctional tumors arise in adult males,
whereas functional tumors are more common in the
younger population (<30 years) and found more often
in women (95,96).

Nonfunctional adrenocortical carcinomas are quite
rare in children (97,98). Children who present with func-
tional adrenocortical carcinomas most commonly have
symptoms of virilization, and this is followed by amixed
Cushing-virilization phenotype (95). Isolated hyperse-
cretion of corticosteroids leading to Cushing’s syn-
dromes is very rare in children (119).

In adults with functional adrenocortical carcinomas,
the most common presentation is the mixed Cushing-
virilization syndrome, followed by isolated virilization
(99,102,105). Wajchenberg et al. found that 63% of the
patients with mixed hormonal syndromes and 100% of
the patients with Cushing’s syndrome were adults,
whereas 76% of the patients with virilization syndrome
were children (95). Hypertension is a common symptom
in patients with functional adrenal tumors. This may be
related to the direct hormonal effect of glucocorticoids
and/or mineralocorticoids or to the local tumor effect
compressing the renal vasculature with subsequent acti-
vation of the renin-angiotensin system (103,107). An
infrequent symptom for some patients may be fasting or
postabsorptive hypoglycemia, resulting from produc-
tion of insulin-like growth factor (120,121).

Other clinical manifestations of adrenocortical car-
cinoma include abdominal pain with palpable abdomi-
nal mass, weight loss, weakness, anorexia, nausea,
emesis, andmyalgias (102,105,108,122–125). Rare man-
ifestations include hematuria (124,126), Budd-Chiari
syndrome (127), urinary obstruction, and paraplegia
(104). In the series of Kendrick et al., 48% of all patients
with adrenocortical carcinoma presented with abdomi-
nal pain and 47% with various manifestations of endo-
crine syndromes (128).

2.2 Staging and Prognosis

According to MacFarlane (131) and Sullivan et al.
(132), stage I and II adrenocortical carcinoma is con-
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fined to the adrenal gland without local invasion or
distant metastases and with a greatest tumor diameter
of<5 cm (stage I) or>5 cm (stage II) (Table 3). Surgical
excision is considered to be the treatment of choice in
these patients. Complete resection of the adrenocortical
carcinoma is associated with an improved outcome
(138). Stage III adrenocortical carcinoma is defined by
the presence of local tumor invasion that does not
involve adjacent organs or regional lymph nodes. Dis-
tant metastases or local invasion into adjacent organs
plus regional lymph nodes is considered stage IV (Ta-
ble 3). In pooled data from multiple institutions, 2% of
patients present as stage I, 19% as stage II, 18% as stage
III, and 61% as stage IV (Table 4) (133). In most
patients primary diagnosis is made at an advanced
tumor stage of the disease (101–103,120,122,123,139).
In a review by Wooten and King (96), 49% of all pa-
tients were diagnosed with stage IV disease. The overall
5-year survival in patients with adrenocortical carci-
noma ranged from 16 to 35% in large series (Table 4)
(115,134).

Although some authors suggested a better prognosis
in patients with functional adrenocortical carcinoma
(123,142), most studies have found no relation of prog-
nosis to functional status (105,107,108,122,139). Waj-
chenberg et al. found in their series that patients with
functional tumors presenting with virilization syndrome
had a better prognosis (81% of whom were children)
than patients presenting with a mixed Cushing-viriliza-
tion phenotype (63% of whom were adults) (95). The
occurrence of adrenocortical carcinomas is sometimes
associated with secondary tumors, which apparently
has an influence on the natural course of the disease.
In a series published by Venkatesh et al. the most fre-
quent secondary tumors arise within the breast, thyroid,
and skin (melanoma) (102). The occurrence of adreno-
cortical carcinomas in families with histories of malig-
nant tumors has also been described (130).

2.3 Diagnosis of Cortical Carcinoma

Ultrasonography, CT, and MRI are the main imaging
techniques employed in the diagnosis and classification
of adrenal tumors, although some scintigraphy may be
used in specific cases. Each of the main diagnostic
modalities will be discussed separately.

2.3.1 Ultrasonography

Ultrasonography is in most cases the initial diagnostic
modality and has been shown to be effective in identifi-
cation of adrenal tumors as small as 1.3 cm (135).
However, this technique is very operator-dependent,
and reliable diagnosis requires great experience. Adre-
nal tumors usually appear as smooth, rounded, solid
masses, which replace the usual triangular shaped
adrenal gland. In addition to detecting the adrenal
tumor, ultrasonography is also able to show effects of
local tumor growth, e.g., displacement of adjacent or-
gans. Unfortunately, ultrasonography cannot reliably
differentiate benign from malignant tumors. However,
in some cases local infiltration into the inferior vena

Table 3 Staging of Adrenocortical Carcinoma

Stage TNM staging criteria

TNM

T1 Tumor V5 cm, no invasion
T2 Tumor >5 cm, no invasion
T3 Tumor any size, locally invading to,

but not involving adjacent organs
T4 Tumor any size, locally invading

adjacent organs

N0 No regional positive nodes
N1 Positive regional nodes
M0 No distant metastatic disease
M1 Distant metastatic disease

Tumor
I T1 N0 M0
II T2 N0 M0

III T1 N1 M0, T2 N1 M0, T3 N0 M0
IV Tx Nx M1, T3 N1 T4

Table 4 Survival Rates of Patients with Adrenocortical Carcinoma

5-year survival (%)

Authors (ref.) Year Patients (n) Overall Complete resection Incomplete resection

Soreide et al. (106) 1991 99 16 62 0
Icard et al. (100) 1992 156 34 42 0
Zografos et al. (103) 1994 53 19 38 0
Haak et al. (171) 1995 96 27 49 9

Crucitti et al. (176) 1996 129 35 48 7
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cava as a sign of malignancy can be identified by ultra-
sonography.

2.3.2 Computed Tomography

Computed tomography is generally considered to be the
gold standard in the radiodiagnostic evaluation of
adrenal tumors. Using conventional CT, tumors of 1
cm can be reliably identified. Smaller tumors of 0.5 cm
can be detected with more advanced CT scanning
techniques (136–138). However, using conventional
CT it is difficult to differentiate between benign and
malignant adrenal tumors. This has become a major
issue with the more widespread use of CT and the
detection of more adrenal incidentalomas. Radiological
series show the prevalence of incidentalomas of the
adrenal gland to be in the range of 1–2% (149). In the
evaluation of an incidentaloma, the possibility of meta-
static disease must be considered and excluded. Some
authors suggest that lesions<3 cm in diameter are
probably benign, whereas masses >5 cm are most likely
to be malignant (140,141). However, the differentiation
between benign and malignant lesions can not be based
on tumor size alone, because tumor size is a function of
duration. Therefore, other radiological features, such as
tumor tissue heterogeneity and contrast enhancement,
have been considered to be more reliable parameters for
the differentiation between benign and malignant adre-
nal masses (Fig. 3) (136–138). Malignant tumors appear
to be larger in diameter, present with blurred margins
and irregular shape, and are more often found to have
an inhomogeneous contrast enhancement, whereas
benign masses tend to be smaller, have sharp borders,
and exhibit a more homogeneous contrast enhancement
(95,136,137,142,143).

2.3.3 Magnetic Resonance Imaging

MRI improves adrenal imaging through the specific
tissue characteristics of adrenal tissue on T1- and T2-
weighted images (144) (Fig. 4). Adrenal tissue appears
darker than surrounding adipose tissue on both T1 and
T2 images. Although MRI offers information to help
tissue-specific diagnosis among adrenal lesions, it is also
limited in differenting benign from malignant masses.
However, MRI is sometimes able to discriminate
between the different types of adrenal tumors on
the basis of T1- and T2-weighted signal intensities
(145,146). Adrenocortical carcinomas characteristically
have signal intensities that are isointense with the liv-
er on T1-weighted images and hyperintense on T2-
weighted images. The accuracy in detecting malignant
tumors is improved by using intravenous gadolinium
with gradient echo magnetic resonance imaging. Using

this technique, adenomas show mild enhancement of
the paramagnetic contrast medium with a quick wash-
out, whereas malignant tumors have a stronger en-
hancement and slower washout (147–153).

2.3.4 Adrenal Cortical Scintigraphy

Whereas CT and MRI are effective in identifying adre-
nal masses, adrenal cortical scintigraphy using radio-
cholesterol can complement the biochemical and
radiologic imaging data to identify abnormal adrenal
function in adenomas and can suggest the presence of
adrenal carcinoma or delineate the functional status of
adrenal masses identified with CT or MRI (154,155).

2.3.5 Imaging of Local Invasion and Distant
Metastasis

The invasion of the inferior vena cava by adrenocortical
carcinoma is not uncommon. Precise and detailed

Figure 3 A CT scan of the abdomen demonstrates a large
left-sided adrenal tumor which is heterogeneous and calci-

fied, suggesting an adrenal carcinoma.
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information about the involvement and extent of in-
ferior vena caval infiltration is essential for planning
surgery. Adrenocortical carcinomas that involve the
inferior vena cava tend to arise from the right side
(83%) and tend to be large (156). Large lesions on the
left commonly involve the left renal vein. Ultrasonog-
raphy reliably demonstrates vena caval extension, and
the cranial extension of the tumor thrombus is usually
seen well (157). CT and, moreso,MRI have been proven
very helpful in identifying inferior vena caval involve-
ment, especially in patients who are difficult to examine
with ultrasonography (158). In the series of Waj-
chenberg et al. (95) MRI was superior to CT and
ultrasonography in identifying inferior vena caval in-
volvement.

Adrenocortical carcinoma preferentially metasta-
sizes to the liver (85%), followed by lung (60%), bone
(10%), and lymph nodes (10%) (95). The presence of
liver metastases can be best evaluated by CT, in which
metastatic lesions appear as usually homogeneous,
rounded, and hypodense masses with variable sizes
(95). CT is usually considered the imaging technique
of choice for identifying lung metastases.

2.4 Pathology of Cortical Carcinoma

Except for patients with distant metastasis and local
invasion in whom malignancy is obvious, it may be
difficult histologically to differentiate between benign
and malignant tumors. Early proposed criteria for
malignancy included capsular and vascular invasion,
mitotic activity, necrosis, hemorrhage, calcification, and
nuclear polymorphism (159,160). Weiss et al. (161)

proposed nine histological criteria associated with adre-
nocortical carcinoma: (1) high nuclear grade, (2) mitotic
rate >5 per 50 high-power fields, (3) atypical mitotic
figures, (4) eosinophilic tumor cell cytoplasm (>75% of
tumor cells), (5) diffuse architecture present in z33%
of the tumor, (6) necrosis, (7) invasion of venous struc-
tures, (8) invasion of sinusoidal structures, and (9) cap-
sular invasion. Adrenal tumors with three or more of
the above criteria were considered to be malignant
(162). In the Memorial Sloan-Kettering experience the
mean size of the carcinomas at presentation was 16 cm
(range 6–40 cm) and the mean weight was 1190 g (range
320–2600 g) (163). In a series from France with 156
cases, the mean size of the carcinomas at presentation
was 12 cm (range 3–30 cm) and the mean weight was
714 g (range 12–4750 g) (164).

More recently, immunohistochemical markers have
been evaluated for identification of adrenocortical car-
cinomas. Wajchenberg et al. (95) found that the most
common immunoprofile for an adrenocortical carci-
noma was positive staining for vimentin. The propor-
tions of the other markers tested including cytokeratin
8/18, the monoclonal antibody D11 that has been
reported to be specific for adrenocortical tissue, and
p53 was not striking. Other laboratories similarly failed
to find a specific immunohistochemical marker for
adrenocortical carcinoma (165–169). Cell DNA content
and cell proliferation measurements, including deter-
mination of DNA ploidy, S-phase fraction, mitotic
counting, AgNOR counting, and immunohistochem-
ical detection of nuclear proteins, are interesting re-
search topics but are still controversial in assessing
adrenal neoplasms (170–172).

2.5 Treatment of Cortical Carcinoma

Determination of optimal treatment of patients with
adrenocortical carcinoma is difficult given the low inci-
dence of the disease. Large randomized prospective
studies are lacking. The mainstay of treatment in less
advanced stages of adrenocortical carcinoma remains
surgical resection. Surgery has been shown to improve
survival. In order to improve outcome many different
chemotherapeutic agents have been tested, of which
o,p’-DDD (mitotane) is themost commonly used. How-
ever, whether mitotane significantly improves survival
has yet to be determined. In an attempt to overcome the
lack of prospective data, the American College of
Surgeons Oncology Group is currently in the process
of preparing an international, prospective, randomized
trial evaluating the role of adjuvant mitotane in adre-
nocortical carcinoma. Patients with stage I and II dis-
ease will be randomized to receive adjuvant mitotane or

Figure 4 An axial MRI demonstrates a right adrenal lesion
just above the right kidney.
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placebo. Patients with stage III or IV disease will
be randomized to receive either mitotane or standard
chemotherapy (cisplatin/etoposide).

2.5.1 Surgery

Complete surgical excision is the treatment of choice in
patients with stage I and II tumors and in children. In
case of a tumor thrombus in the inferior vena cava, an
aggressive surgical approach should be used to extract
the tumor thrombus (173). In patients who have bio-
chemically active tumors that secrete corticosteroids
and who have suppressed the contralateral gland, care-
ful attention must be given to corticosteroid replace-
ment. In patients with stage III and IV, the indication
for surgical therapy is more controversial. Some studies
suggest a maximal tumor debulking when complete
excision is not possible (174,175). Other series clearly
demonstrated that palliative surgery has no influence on
patients survival (135,136,139). The 5-year survival rate
of patients with adrenocortical carcinomas who un-
dergo surgical excision is 15–30%. In one study, the
median survival of patients with complete resection was
50.6 months compared to 7.6 months in patients with
incomplete resection (128). In other series complete
resection of all disease yielded a 5-year survival of 38–
62%. Incomplete resection offered a 5-year survival of
0–9% (118,134,164,176–178) (Table 4). Recurrence
often occurred even in patients in whom resection was
considered complete. Kendrick et al. saw a 73% recur-
rence rate with amedian time to recurrence of 17months
(138). Patients who underwent resection of recurrent
disease had an improved survival over patients who did
not, with a median survival of 29 months vs. 11 months,
respectively (138). Similar findings were reported by
Schulick and Brennan (179). However, whether surgical
re-resection of recurrent disease should be offered to any
patient with recurrent adrenocortical carcinoma is still
not certain. When metastatic disease was present at
diagnosis, patients generally did not survive more than
1 year (103,105, 122,123,175). In most patients in whom
surgical resection is indicated, an ipsilateral adrenalec-
tomy is performed. Depending on the local tumor
growth, adrenalectomy is performed together with
nephrectomy and/or splenectomy. Wajchenberg et al.
(95) operated on 46 patients with adrenocortical carci-
noma and performed an ipsilateral adrenalectomy alone
in 50%, an adrenalectomy and nephrectomy in 39%,
and an adrenalectomy, nephrectomy, and splenectomy
in the remaining patients.

Many centers prefer open surgery with either a
subcostal, thoracoabdominal, or abdominal midline

incision depending on the size and extent of the adre-
nal mass as defined by radiological imaging. In a re-
view of Schulick et al. (179), the authors preferred a
bilateral subcostal incision for adrenocortical carci-
noma less than 10 cm in size, allowing adequate access
to the liver, omentum, peritoneum, and periaortic
nodes (common sites of metastasis). For larger lesions
(>10 cm) a thoracoabdominal approach was recom-
mended for better access. With the rise of laparoscopic
adrenalectomy for benign disorders, the question has a
risen whether laparoscopic resection of malignant adre-
nal tumors is appropriate (180). When CT or MRI
demonstrates a small adrenal tumor with no invasion
or infiltration of adjacent structures suggesting malig-
nancy, the laparoscopic approach seems to be justified
(181).

2.5.2 Medical Therapy

Of the pharmacological agents known to suppress ad-
renal function, mitotane has gained widespread use in
the past for the nonoperative treatment with advanced
adrenocortical carcinoma. Mitotane inhibits corticoid
biosynthesis and causes mitochondrial and cell death
(182,183). In doses less than 3 g per day, mitotane pri-
marily suppresses adrenal corticoid secretion, whereas
doses exceeding 3 g per day have been shown to have an
adrenocidal effect. Mitotane has been proven effective
in patients with metastatic or unresectable adrenocort-
ical carcinoma (102,105,122,139,175). Although mito-
tane has been shown to lead to tumor regression, a
beneficial effect of patients’ survival is questionable
(128,184,185). Generally mitotane treatment is associ-
ated with frequent side effects, e.g., nausea, vomiting,
anorexia, diarrhea, lethargy, somnolence, skin rash,
and dose-dependent hepatotoxicity. These frequent,
often intolerable, side effects of mitotane which lead
to noncompliance in patients are the reasons why
adequate large prospective studies are missing. More
recently, evaluation of a ‘‘low-dose’’ mitotane has
surfaced with greater patient compliance (186,187). In
large series including adults and children with adreno-
cortical carcinoma, the response to mitotane was not
influenced by the age of the patient (184,188,189).
Because survival appears to depend on the size of the
primary lesion and the extent of local and distant tumor
growth, it has been suggested that mitotane should be
administered as an early adjuvant therapy after surgical
resection of the primary tumor. Some studies employ-
ing this approach demonstrated encouraging results
(188–190), while others failed to prove any beneficial
effect (101,191).

Wente et al.392



2.5.3 Chemotherapy

In patients in whom surgery is not an option and
mitotane treatment can no longer be administered,
other chemotherapeutic agents have been suggested.
Among the various agents, cisplatin, cyclophospha-
mide, doxorubicin, and 5-fluorouracil or different com-
binations have lead to partial responses or disease
stabilization (96,120,192). Suramin, which decreases
cortisol secretion and inhibits serum-induced prolifer-
ation of cultured adrenocortical cells, has been tested in
patients with advanced adrenocortical carcinomas and
led to partial, however transient, tumor responses (193,
194). Patients treated with suramin suffered from seri-
ous side effects, including coagulopathy, thrombocyto-
penia, polyneuropathy, and allergic skin reactions
(193). Another promising chemotherapeutic agent for
patients with metastatic adrenocortical carcinoma is
gossypol, a biphenolic derivative extracted from cot-
tonweeds. Some patients who were resistant to other
chemotherapeutic regimens have been treated with gos-
sypol with very few side effects and had partial responses
that lasted several months (195).

2.5.4 Radiotherapy

Anecdotal studies have reported occasional control of
nonresectable adrenocortical carcinomas with exter-
nal radiotherapy. However, the majority of studies in-
dicate that external radiotherapy is ineffective in the
treatment of patients with adrenocortical carcinoma
and should be considered only as a palliative measure
in patients with severe pain from bone metastases (95,
123,129,190).

3 ESTROGEN- AND ANDROGEN-SECRETING

TUMORS

3.1 Androgen-Secreting Tumors

Androgen-producing tumors of the adrenal gland cause
the symptomatolgy of sex steroid excess. Prepubertal
males present with isosexual precocious puberty leading
to penile enlargement, hair development, and secondary
sexual characteristics. The clinical manifestations in
adult males are minimal and may include early hair loss
and acne. For prepubertal females, virilization leads to
the inappropriate manifestation of acne, hirsutism, and
clitoromegaly. The adult female usually presents with
arrest of menarche and virilization.

Diagnosis of an adrenal tumor in these patients
includes the measurement of plasma DHEA, DHEAS,

androstenedione, testosterone, and urinary 17-ketoste-
roids. Since patients can have a combined presentation
of androgen excess and corticosteroid excess, they
should be evaluated for Cushing’s syndrome as outlined
above. The adrenal androgens will not suppress with
dexamethasone if an adrenal tumor is the etiology (196).
In prepubertal patients it is important to rule out benign
premature adrenarche. Differential diagnosis includes
androgen-secreting tumors of the ovaries, polycystic
ovarian disease, endocrine tumors of the testicle, and
congenital adrenogenital syndrome. The adrenals may
be imaged by ultrasound, CT, or MRI. These tumors
are usually small, unilateral, and have no enhancement
on T2-weighted MR images. Cortical carcinomas may
also secrete virilizing hormones in combination with
glucocorticoids and mineralocorticoid activity. These
tumors are more likely to be larger than benign andro-
gen-secreting tumors and enhance on T2 images.

As with all primary tumors of the adrenal gland, sur-
gical excision is the mainstay of treatment for benign
and malignant disease. For patients with malignant
androgen-secreting tumors, the medical therapy as out-
lined above for cortical carcinoma is appropriate. For
patients with metastatic disease, steroid synthesis inhib-
itors and androgen antagonists may help address symp-
toms.

3.2 Estrogen-Secreting Tumors

Estrogen-secreting tumors of the adrenal gland are
often associated with carcinoma. In the female patient,
menstrual irregularity is often the only clinical manifes-
tation and in males a loss of libido, gynecomastia, and
female distribution of the hair. As with androgen-
secreting tumors of the adrenal gland, urinary 17-keto-
steroids are often elevated and do not suppress with
dexamethasone. In addition, estrone, 11-deoxycortisol,
and androstenedione levels help to confirm the diagno-
sis. Imaging may include those studies listed above. To
rule out an ovarian source of steroid excess, some phy-
sicians utilize a NP-59 nuclear medicine study to con-
firm the accumulation of this tracer by a functional
tumor of the adrenal gland. Treatment is surgical ex-
cision of the tumor.
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1 INTRODUCTION

Aldosterone, the major circulating mineralocorticoid, is
a steroid hormone produced exclusively in the zona
glomerulosa. The major regulators of aldosterone bio-
synthesis and secretion are the renin-angiotensin system
and potasssium ion concentrations. Minor regulators
include adrenocorticotropic hormone (ACTH) from the
pituitary, atrial natriuretic peptide from the heart, and
dopamine secreted locally in the adrenal. A number of
aldosterone precursors, including deoxycorticosterone
and 18-hydroxycorticosterone, have mineralocorticoid
activity, and their hypersecretion in various patholog-
ical states may produce or exacerbate features typical
of mineralocorticoid hypertension. Aldosterone acts
mainly on the distal nephron, although several other
sites of sodium reabsorption exist.

Hyperaldosteronism is characterized by excessive
secretion of aldosterone with consequent increased
sodium reabsorption and potassium and hydrogen ion
loss. Clinical features include hypertension, hypokale-
mia, and metabolic alkalosis. It represents a subset of
disorders causing mineralocorticoid hypertension,
where the features of hypertension and hypokalemia
can be produced by aldosterone, endogenous miner-

alocorticoid precursors, or intrinsic defects modulating
aldosterone effects on its target tissues.

We have provided elsewhere a survey of familial
hyperaldosteronism (1) and of other disorders of excess
aldosterone secretion and action (2). This chapter focu-
ses on primary hyperaldosteronism, although differen-
tial diagnosis is also discussed. Table 1 includes all
disorders that should be considered in the hypertensive
patient with real or apparent hyperaldosteronism.

2 PHYSIOLOGICAL MECHANISMS

OF ALDOSTERONE SECRETION

2.1 Control of Aldosterone Secretion

Aldosterone participates in blood volume and serum
potassium homeostasis, which, in turn, regulates aldos-
terone secretion by the zona glomerulosa of the adrenal
cortex (2). Blood volume depletion or an increase in
serum potassium concentration stimulates aldosterone
secretion, whereas hypervolemia and hypokalemia sup-
press it. The mechanisms by which the homeostatic
regulation of aldosterone secretion is accomplished
are complex and involve the adrenal zona glomerulosa,
the juxtaglomerular apparatus of the kidneys, the car-
diovascular system, the autonomic nervous system, the
lungs, and the liver.
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At the level of the zona glomerulosa, themajor stimu-
latory influences are angiotensin II and serum potas-
sium concentration (3,4). ACTH stimulates aldosterone
secretion in an acute and transient fashion, but it is
questionable whether ACTH plays a significant role in
the chronic regulation of mineralocorticoid secretion
(2). The major inhibitory influences affecting the zona
glomerulosa are exerted by circulating atrial natriuretic
peptide (ANP) and, locally, by dopamine (5). Although
ANP levels are clearly increased in hyperaldosteronism,
neither ANP nor dopamine has been implicated as a
primary cause of clinically significant defects in aldos-
terone secretion.Metoclopramide increases aldosterone
secretion, suggesting dopamine may inhibit aldosterone
release (6–8). The physiological roles of adrenomedul-
lin and vasoactive intestinal peptide (VIP) on aldoster-
one secretion remain to be clarified; it appears that both
these neuropeptides are produced in the rat zona glo-
merulosa (9,10).

The major regulation of angiotensin II production
occurs at the juxtaglomerular apparatus. The synthesis
of prorenin, its conversion to renin, and the secretion of
renin into the circulation are processes that are stimu-
lated by blood volume contraction (stretch receptors),
by the sympathetic nervous system (via a-adrenergic
stimulation), and by prostaglandins (11–15). These pro-
cesses are inhibited by volume expansion and ANP.
Renin converts angiotensinogen, a liver protein, into the
decapeptide angiotensin I. Angiotensin I is then con-
verted into angiotensin II by angiotensin-converting
enzyme, a protease that is active in the lungs. Angio-
tensin II, an octapeptide with both aldosterone-stimu-
lating and vasopressor activities, is metabolized to
angiotensin III, a heptapeptide characterized primarily
by aldosterone-stimulating activity (13).

Prostaglandin synthesis and secretion of renin de-
pend upon adequate amounts of intracellular ionized
calcium (15). In addition, stretch sensor function may

Table 1 Causes of Hyperaldosteronism and Related Conditions with Diagnostic Laboratory Findings

Etiology Laboratory and imaging findings

Primary aldosteronism High aldosterone/low PRA**

Aldosterone-producing adenoma Unilateral adrenocortical adenoma
Idiopathic hyperaldosteronism hyperplasia Responds to posture/bilateral adrenal
Primary adrenal hyperplasia Responds to posture/unilateral adrenal
Glucocorticoid-remediable aldosteronism

(familial hyperaldosteronism type I)

Sustained suppression of aldosterone

(<4 ng/dL) to dexamethasone/bilateral
adrenal hyperplasia

Familial hyperaldosteronism type II Familial (autosomal dominant) with lack

of response to dexamethasone/bilateral
adrenal hyperplasia with
occasional adenoma(s)

Secondary hyperaldosteronism (>2 ng/mL) High aldosterone/nonsuppressible PRA
Edema disorders, e.g., cardiac failure
Renovascular hypertension
Renin-producing tumors

Pregnancy
Aldosterone excess–like disorders Low aldosterone/low PRA
Congenital adrenal hyperplasia

(11-h-hydroxylase,
17-a-hydroxylase deficiencies)

Elevated steroid intermediaries

Primary glucocorticoid resistance High glucocorticoid secretion

unsuppressed by dexamethasone
DOC-secreting tumors upon imaging* Elevated DOC levels/adrenal tumors
Apparent mineralocorticoid excess Autosomal recessive/elevated urine

cortisol(F)/cortisone (E) ratio
Liddle’s syndrome Autosomal dominant
Licorice ingestion
Carbenoxolone

* Deoxycorticosterone.

** Plasma-renin activity.
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also depend on ionized calcium (13) Angiotensin II ap-
pears to stimulate renal prostaglandin secretion, as do
catecholamines (13,14). Because of all these interrela-
tionships, there are several points in this series of steps at
which aldosterone secretion may be affected. Although
this makes the diagnosis of hyperaldosteronism rela-
tively complicated, especially in the elderly hypertensive
patient who receives numerous medications, it also
provides the opportunity for medical treatment at mul-
tiple levels.

2.2 Aldosterone Biosynthesis

Aldosterone is synthesized from cholesterol in a series of
six biosynthetic steps (16). The first four steps are also
involved in the synthesis of cortisol, whereas the last two
pertain only to aldosterone (17). The product of the
CYP11B2 gene is capable of catalyzing both the 11-h-
hydroxylase and 18-hydroxylase and 18-hydroxydehy-
drogenase steps in aldosterone biosynthesis (17–19).
The CYP11B2 gene is located on human chromosome
8q24.3-tel (20).

2.3 Aldosterone Receptors

Aldosterone acts on its target tissues (distal renal tubule,
sweat glands, salivary glands, large intestinal epithe-
lium) via its own specific mineralocorticoid receptors
(21). Mineralocorticoid receptors exhibit equal affinity
for aldosterone and glucocorticoids (22), but distal renal
tubular receptors are protected from the effects of corti-
sol by 11-h-hydroxysteroid dehydrogenase, which con-
verts cortisol to inactive cortisone (23). More recently,
non–steroid receptor effects of aldosterone have been
described, although their pathophysiological relevance
for primary aldosteronism is currently unknown (24).

2.4 Increased Mineralocorticoid Dependency

in Childhood

The mineralocorticoid dependency of sodium reabsorp-
tion is increased in infancy and childhood, with its peak
in the neonatal period; it progressively decreases with
advancing age. There are several reasons for this fact,
including changes in 11-h-hydroxysteroid dehydro-
genase activity (25) and zona glomerulosa sensitivity
to ACTH (26). In addition, proximal tubular sodium
and water resorption is least efficient in early life,
resulting in an increased sodium and water load at the
level of the distal renal tubule (27). Because sodium and
water resorption from the distal tubule is mediated by
the renin-angiotensin-aldosterone axis, the plasma

renin activity (PRA) of a newborn infant is approxi-
mately 10- to 20-fold higher than that of an adult. This
results in increased aldosterone production (>300 Ag/
m2/day in a newborn infant vs. 50 Ag/m2/day in an
adult) and plasma aldosterone concentrations, in the
neonate (80 vs. 16 pg/dL, respectively).

3 CLASSIFICATION AND MANAGEMENT

OF HYPERALDOSTERONISM

Hyperaldosteronism is characterized by hypokalemia,
which may produce neuromuscular symptoms such as
weakness or paralysis and polyuria and polydipsia due
to an associated renal concentrating defect. Hypokale-
mia also impairs insulin secretion and can promote the
development of diabetes mellitus. The major causes and
laboratory findings in hyperaldosteronism are listed in
Table 1.

Hyperaldosteronism may be primary, representing a
disorder of the zona glomerulosa, or may be secondary
to factors beyond the mineralocorticoid axis, such as
reduced effective circulating blood volume, where dis-
orders such as hypovolemia, cardiac failure, or diuretic
use can activate the renin-angiotensin system and stim-
ulate aldosterone secretion (28). Primary and secondary
aldosteronism can be differentiated with the aldoster-
one/PRA ratio; higher ratios are seen in primary al-
dosteronism (29). It is important to recognize that the
features of aldosteronism can be produced without al-
dosterone hypersecretion resulting in non–aldosterone-
mediated mineralocorticoid excess (Table 1). These
include two causes of congenital adrenal hyperplasia
(11-h-hydroxylase deficiency and 17-a-hydroxylase de-
ficiency), the syndrome of apparent mineralocorticoid
excess (AME) due to 11- h-hydroxysteroid dehydrogen-
ase (11-h-HSD) deficiency, primary glucocorticoid
resistance, Liddle’s syndrome, and exogenous sources
of mineralocorticoid such as licorice or drugs such as
carbenoxolone (2). The features of mineralocorticoid
excess are also often seen in Cushing’s syndrome, par-
ticularly in patients with ectopic ACTH-producing
tumors (2,3). In these cases it is postulated that excessive
glucocorticoid levels overwhelm the ability of the 11-h-
HSD enzyme to inactivate cortisol at the kidney miner-
alocorticoid receptor level.

3.1 Primary Aldosteronism

3.1.1 Prevalence

Primary aldosteronism was originally described by J.
W. Conn (31) as a syndrome of hypertension associated
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with hypokalemia and postulated hypersecretion of an
endogenous mineralocorticoid. Early cases were due to
an aldosterone-producing adrenocortical adenoma,
removal of which led to some of the earliest cures of
hypertension (32). Primary aldosteronism is most fre-
quently diagnosed in middle-aged adults, is more com-
mon in women, and is rare in children.

Earlier reliance on plasma potassium as a screening
test, as advocated by some authorities (33), may have
led to underrecognition of the contribution of primary
aldosteronism to hypertension. An early study, using
saline infusion as a screening test for primary aldoste-
ronism reported a frequency of 2.2% of primary aldos-
teronism among 1036 unselected hypertensives, but a
smaller study using the ratio of aldosterone to PRA con-
centrations in plasma suggested that primary aldoste-
ronism may account for an even greater proportion of
hypertension (33–35). The issue of whether we under-
diagnose (36) or overdiagnose (37) primary aldosteron-
ism is still highly controversial. There is little question,
however, that the current incidence of this disease does
not appear to be what was commonly accepted 10–20
years ago- the widely accepted incidence of 1–2% of all
hypertensive adults may be closer to 5–10%. This corre-
sponds to the increasing incidence of adrenal inciden-
talomas; in fact, it appears that a substantial number of
patients with normokalemic hypertension have small,
aldosterone-producing adrenocortical adenomas (38).

3.1.2 Classification of Aldosteronism

Primary aldosteronism has been traditionally classified
on the basis of the presence or absence of an adrenal
tumor and responses of aldosterone secretion to posture
(34,35). In addition, glucocorticoid-remediable aldo-
steronism has been diagnosed on the basis of finding
that aldosterone hypersecretion could be controlled
with the adminstration of dexamethasone in physiolog-
ical doses and the presence of a family history of hyper-
aldosteronism (39,40). In approximately 60% of cases,
primary aldosteronism is due to an aldosterone-produc-
ing adenoma (APA) which is generally unresponsive to
posture or angiotensin II infusion, indicating autono-
mous aldosterone secretion (41) (Fig. 1). At the other
end of the spectrum, bilateral nonautonomous over-
production of aldosterone occurs in idiopathic hyper-
aldosteronism (IHA) (Fig. 2), where aldosterone
secretion can be shown to increase in response to
upright posture or angiotensin II infusion. This disease
(as also shown in Fig. 2) is frequently associated with
renal cysts (42). Rarer variants include primary adrenal
hyperplasia (PAH), where unilateral autonomous
aldosterone secretion occurs without a discrete tumor

on gland resection. Also, angiotensin II–responsive
aldosterone-producing adenoma represents a signifi-
cant subset of APA (34,35,41).

3.1.3 Familial Hyperaldosteronism

In 1966, the first familial cases of hypertension due to
hyperaldosteronism were reported (39); this autosomal
dominant disease came to be known as glucocorticoid-

Figure 1 Left-sided adrenocortical adenoma (arrow) in a 49-
year-old male patient with primary aldosteronism; unilateral

adrenalectomy in this patient led to cure of his hypertension.

Figure 2 Bilateral adrenocortical hyperplasia (short arrow)
in a 12-year-old patient with idiopathic primary aldosteron-

ism; despite the apparent increased nodularity on the left side,
adrenal venous sampling showed no ratio between the two
glands. This patient is treated medically; he is currently
normotensive 5 years after his original diagnosis. Renal cysts

(long arrow) commonly associated with primary aldosteron-
ism, are also seen in both kidneys.
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remediable aldosteronism (GRA) or familial hyper-
aldosteronism type I (FH-I) (2,33). This disease is char-
acterized by bilateral adrenal hyperplasia or, rarely,
adrenal adenoma (40). GRA accounts for approxi-
mately 1% of cases of primary hyperaldosteronism.
The genetic locus for this disorder was established by
genetic linkage analysis, and the causativemutation was
subsequently identified (43). The defect involves a cross-
over of genetic material between the gene that codes for
the enzyme 11-h-hydroxylase (CYP11B1) (which cata-
lyzes the last step in cortisol biosynthesis) and the gene
for aldosterone synthesis (CYP11B2) (43,44). The
CYP11B1 and CYP11B2 genes are closely located on
chromosome 8, and the mutation involves a fusion of a
portion of the regulatory region of CYP11B1, the
ACTH-responsive promoter, with the coding region of
the CYP11B2 gene. Hence, aldosterone synthesis is
directed by ACTH, resulting in pathologically high
levels of aldosterone and extreme suppressibility of al-
dosterone by exogenous glucocorticoid administration.
Elucidation of this mutation readily explained the car-
dinal pathophysiological features of the disorder. The
synthesis of ‘‘hybrid’’ steroids such as 18-oxocortisol
require the action of 17-a-hydroxylase on aldosterone,
an enzyme expressed only in the zona fasciculata, sug-
gesting that aldosterone is synthesized in the zona fasci-
culata in this disorder. Higher blood pressure in the
offspring of affected mothers rather than affected fa-
thers has been attributed to the effects of high maternal
aldosterone on the fetus rather than imprinting (45,46).
Importantly, not all individuals with theGRAmutation
have hypertension, and ongoing studies of the physio-
logical and genetic bases of their counterbalancing hy-
potensive systems are in progress (43–46). The lack of
hypokalemia in many subjects with GRA has been
related to a blunted aldosterone response to potassium,
which may reduce the severity of hyperaldosteronism
(47).

Familial hyperaldosteronism type II as a distinct en-
tity was recognized by R. D. Gordon (48,49), although
other familial cases of non–dexamethasone-suppress-
ible hyperaldosteronism have also been reported
(50,51). To date, 14 families (41 individuals) with FH-
II have been identified by the Gordon group (52). The
first occurrence of two cases of FH-II in a single family
was identified serendipitously, but subsequent cases
have been identified by application of the aldosterone:
renin ratio screening test and confirmed by full diag-
nostic testing, and surgery, if indicated. In one large
family, with seven affected members, exclusion of
involvement of the angiotensin II type I (AT1) receptor
gene and the CYP11B2 locus has been performed with
genetic linkage analysis (52,53).More recently, a genetic

locus on chromosome 7 (7p) for the largest among the
families was identified by our group (54); the responsible
gene, however, remains elusive.

It should be also be noted also that hyperaldosteron-
ism is also rarely seen in multiple endocrine neoplasia
type-1 (MEN 1) (55), and thus the recently identified
MEN 1 gene (menin) may indeed play some role in zona
glomerulosa tumorigenesis.

Other familial cases of primary aldosteronism have
also been reported, and they are reviewed elsewhere
(56).

3.1.4 Diagnosis

The decision to screen for hyperaldosteronism is often
prompted by the finding of hypokalemia in a hyper-
tensive patient; whether hypokalemia is spontaneous or
thiazide-associated, it is suspicious for hyperaldoste-
ronism and should be investigated. The coexistence of
both hypertension and hypokalemia predicts primary
aldosteronism in 50% of cases (2,57,58). Hypertension
and hypokalemia in the remaining cases indicate reno-
vascular hypertension due to fibromuscular hyperplasia
in the younger patient or atherosclerotic disease in older
individuals. Although the hypertension in these cases is
aldosterone-mediated, PRA is not suppressed. Other
causes of hypertension and hypokalemia are presented
in Table 1. Among the other endocrine causes of hyper-
tension, screening for the presence of pheochromocy-
toma should comprise a search for symptoms such as
headaches, palpitations, and sweating and measure-
ment of plasma and urinary catecholamines and their
metabolites, especially metanephrines (see chapter on
Pheochromocytoma).

Screening for primary aldosteronism can be per-
formed with the aldosterone:renin ratio, obtained un-
der random conditions with respect to sodium intake
(2,34,35). Values obtained in the upright position
(standing for 2h) have greater sensitivity than supine
tests. It should be noted that patients should be nor-
mokalemic, because low potassium can suppress aldos-
terone secretion. A ratio of plasma aldosterone (ng/dL)
to plasma renin activity (ng/mL/h) of >20 with a
plasma aldosterone >15 ng/dL is highly suggestive of
primary aldosteronism.

The ratio of plasma aldosterone to PRA (ARR) was
first described as a screening test for primary aldo-
steronism in 1981, and recent studies have confirmed
its diagnostic accuracy (2,57,58). The principle is that,
as aldosterone secretion rises, PRA, a measure of the
rate of production of angiotensin I from endogenous
angiotensinogen in ex vivo testing should fall because
of sodium retention. This negative feedback response

Primary Aldosteronism 405



should occur when the aldosterone is supraphys-
iological for that individual patient, and hence PRA
may fall well before plasma aldosterone is clearly
increased.

The most important factors that interfere with the
diagnostic reliability of the ARR test are drugs and
renal impairment. Although a recent study suggested
that discontinuation of antihypertensive medications
may not be necessary prior to the work-up for primary
aldosteronism (59), a wider investigation of this pro-
posal is needed prior to its general application in all
patients with this disease and hypertension. This is be-
cause h-blockers can reduce PRA levels leading to a
falsely elevated ratio; dihydropyridine calcium antago-
nists can reduce aldosterone levels tending to lead to a
falsely normal ratio in some patients with primary al-
dosteronism; diuretics tend to induce secondary aldo-
steronism; and, finally, spironolactone, an aldosterone
receptor antagonist, can raise plasma renin levels.

We generally recommend that spironolactone and
diuretics should be witheld for 6 weeks before testing
(this may not be necessary or applicable in all patients;
other centers recommend a much shorter, if any, wash-
out time), and h-blockers and dihydropyridine calcium
antagonists should be witheld for several days. We then
usually control the patients’ blood pressure with diltia-
zem during testing. It should also be noted that renal
impairment can lead to a high aldosterone/renin ratio in
patients without primary aldosteronism as fluid reten-
tion suppresses PRA and hyperkalemia stimulates
aldosterone secretion.

After a positive screening test, subsequent testing is
directed at (1) confirming aldosterone secretory auton-
omy and (2) determining if the patient is likely to have
an APA, which can be treated surgically, or IHA, in
which case medical treatment is indicated. The possi-
bility of GRA, which accounts for approximately 1%
of primary aldosteronism, should be kept in mind.

3.1.5 Confirmatory Tests for the Diagnosis
of Primary Aldosteronism

Autonomous aldosterone secretion can be confirmed by
the saline infusion test (60,61). Other tests described
include the measurment of urine aldosterone excretion
during oral salt loading or the fludrocortisone suppre-
sion test (62). All tests rely on the principle that a lack of
suppression of aldosterone excretion with intravascular
expansion is indicative of autonomous aldosterone
production. The saline infusion test is performed by
infusing 2 L of isotonic saline over 4 hours. Plasma
aldosterone and cortisol are measured before and at the

end of infusion. A fall in plasma aldosterone to<10 ng/
dL occurs in those without primary aldosteronism.
Plasma aldosterone values of >10 ng/dL confirm pri-
mary aldosteronism. For several patients with other
evidence supportive of primary aldosteronism, a
response between 5 and 10 ng/dLmay not be considered
negative, and the test may be repeated. Cortisol levels
are taken to exclude an ACTH-related rise in aldoster-
one. Consideration should be given to the risks of fluid
expansion or hypokalemia in susceptible patients.

The oral salt loading test consists of administering
12 g sodium chloride tablets and ad libitum diet for 3
days followed by a 24-hour urinary aldosterone mea-
surement (60,61). Values above 10–14 Ag/day with urine
sodium excretion >250 nmol/day are considered diag-
nostic of primary aldosteronism. The fludrocortisone
suppression test utilizes fludrocortisone (0.1 mg q6h)
and salt loading (63); this test is less frequently used
today.

The captopril test, which is based on the principle
that inhibition of angiotensin II production should not
affect autonomous secretion of aldosterone in primary
aldosteronism, has also been used for screening (64,65).
Application of the 60-minute aldosterone/renin ratio
after 25 mg oral captopril yielded a sensitivity of 100%
and specificity of 83% for diagnosis of primary aldo-
steronism, but the test was only marginally better than
baseline values (64). Somewhat lower sensitivity was
noted in a larger study using aldosterone and PRA 90
minutes after a 50 mg dose of captopril (65).

3.1.6 Differential Diagnosis Between Adenoma
and Other Forms of Primary Aldosteronism

The unique steroid production profile of anAPA is used
for its identification (66). The following tests are use-
ful to differentiate between an APA and other forms of
primary aldosteronism: postural testing, serum 18-hy-
droxycorticosterone, adrenal CT, and adrenal venous
sampling.

Postural testing is best performed after overnight re-
cumbency. An intravenous catheter is inserted at 7 a.m.
and baseline aldosterone, cortisol, and PRA are ob-
tained at 8 a.m. After 2 hours of ambulation, repeat
aldosterone, cortisol, and PRA are obtained. Typically
APAs are angiotensin II-unresponsive, and a fall in al-
dosterone over 2 hours parallels the reduction of circa-
dianACTHand cortisol release. A rise (or no significant
change) in aldosterone is seen in IHA.Cortisol levels are
used to validate the test, since a rise in cortisol release
suggests an ACTH surge, which invalidates the test.
Diagnostic accuracy of 85% is reported (66).
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Levels of 18-hydroxycorticosterone are elevated
(>100 ng/dL) in APA and lower than this value in
IHA. Although a diagnostic accuracy of 82% is re-
ported (66), it has been noted that 18-hydroxycorticos-
terone levels parallel the severity of aldosteronism:
levels of aldosterone and clinical severity are greater in
APA than IHA.

Adrenal computed tomography (CT) is 70% sensi-
tive in detecting APAs (67). Mean APA size was 1.8 cm
in one large series; however 19% of these tumors were
smaller than 1 cm (67,68). As adrenal incidentalomas
are also common in older adults, adrenal CT is adjunc-
tive and cannot be used to direct adrenalectomywithout
other confirmatory data (67). This also true for mag-
netic resonance imaging (MRI) of the adrenal glands;
use of MRI may also be complicated by motion in the
retroperitoneal area.

Adrenal venous sampling requires considerable skill;
the right adrenal vein drains directly into the inferior
cava and can be difficult to catheterize (67). This test
can, however, be performed on an outpatient basis. In-
fusion of ACTH into a peripheral vein (50 Ag/h, start-
ing 30 min before sampling) masks the effects of con-
founding ACTH peaks during sampling. Venography
is avoided to reduce the risk of adrenal hemorrhage.
Comparison of aldosterone/cortisol ratios in the adre-
nal veins and the inferior vena cava allows detection
of unilateral or bilateral sources of aldosterone hyper-
secretion. The cut-off for lateralization is controver-
sial; both 5:1 and 10:1 have been advocated (67,68);
everything>10:1 is consistent with unilateral secretion.
Thus, adrenal venous sampling is the gold standard for
differential diagnosis for primary aldosteronism.

Adrenal scintigraphy has insufficient diagnostic ac-
curacy for routine use (68).

Other causes of primary aldosteronism that have
been identified include adrenal carcinoma (69) and
extra-adrenal aldosterone secretion such as from ovar-
ian and renal tumors. The rapid changes of an adreno-
cortical mass upon serial imaging and/or additional
hormonal steroid secretion should prompt investigation
for cancer and or tumors in other organs.

3.1.7 Variants of Primary Aldosteronism

Two forms of unilateral aldosterone hypersecretion are
recognized: angiotensin II–responsive APA and pri-
mary adrenal hyperplasia. Angiotensin II–responsive
APA exhibits a rise in aldosterone with upright posture
but lateralizes with adrenal vein sampling. Primary
adrenal hyperplasia does not respond to upright pos-
ture but lateralizes on adrenal vein sampling, and

pathological changes of micronodular or macronodu-
lar hyperplasia are seen (34,35,68).

In cases of bilateral aldosterone secretion, or when
the diagnosis is suspected on the basis of family history,
GRA can be excluded with a 4-day dexamethasone sup-
pression test (0.5 mg q6h). The aldosterone and renin
levels can be measured before, at 2 days, and 4 days of
suppression testing. The typical response in patients
without GRA is for the aldosterone levels to fall by
approximately 50% and return to normal levels by the
end of testing, but persistent suppression of aldoster-
one levels to <4 ng/dL are also reported in GRA. The
test achieves a sensitivity of 92%and specificity of 100%
for the diagnosis of GRA compared to direct genetic
testing (70). Biochemically unique markedly elevated
levels of 18-oxo-cortisol and 18-hydroxy-cortisol (>100
nmol/dL) are also observed in GRA (70). Today, the
hybrid genemutation that causes GRA can be identified
by Southern blotting or a long-PCR technique (71,72).

3.1.8 Treatment

All patients need to have blood pressure and potassium
levels controlled pre-operatively (72). Assuming proper
preparation for surgery, the procedure becomes less and
less of an issue: today, surgical treatment of an APA
may be done laparoscopically (73–76), a procedure that
can be performed on an outpatient basis (77). Trans-
catheter arterial ablation with high-concentration etha-
nol injection of APA in 18 patients has also been re-
ported (78).

What is clearly an issue is the effectiveness of surgical
therapy. Removal of an adrenal lesion by adrenalec-
tomy often does not result in normotension, although it
improves blood pressure control and restores normoka-
lemia in most patients (79,80). Transient postoperative
hypoaldosteronism is common; however, immediate
post-operative declines in blood pressure may not be
sustained. In a recent study of 93 patients with primary
aldosteronism who underwent adrenalectomy, normo-
tension without the use of any medications was
achieved in only 33% of the patients. Negative family
history and easier control of the hypertension pre-
operatively were the two most important factors that
predicted cure after surgery. Other such factors
included young age and short duration of the disease
(79). On the other hand, changes in heart and kidney
function and/or cardiac and renal vasculature were
predictors of pure response of blood pressure to sur-
gery. Thus, persistent hypertension despite control of
hyperaldosteronism may be due to preexistent essential
hypertension and/or long-term secondary vascular
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effects of hyperaldosteronism. Finally, occasionally
another cause of secondary hypertension may be pres-
ent: both pheochromocytoma (81,82) and renal artery
stenosis (83) have been reported to coexist with anAPA.

Control of hypertension in GRA can be achieved by
treatment with physiological doses of dexamethasone
(48,49,72). GRA is associated with intracranial aneu-
rysm and hemorrhagic stroke, and screening for intra-
cranial aneurysm in patients with provenGRAhas been
recommended (49). Normalization of urinary steroid
levels and abolition of ACTH-dependent aldosterone
production is not necessary in patients with GRA; doses
of 0.125 to 0.25 mg of dexamethasone/day are usually
adequate for hypertension control and do not lead to
Cushinoid features (84).

Medical therapy for primary aldosteronism may be
the preferred mode of treatment for IHA. Control of
hypokalemia and hypertension in IHA can be achieved
with spironolactone (100–400 mg/d) or amiloride (5–30
mg/d), but additional antihypertensives are often
needed in this patient group (72,85).
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1 INTRODUCTION

The discovery of an adrenal mass in the course of
abdominal imaging performed for other reasons, ‘‘adre-
nal incidentaloma,’’ is a common clinical problem that
poses a challenging management dilemma (1). This
dilemma arises because while most incidentalomas will
be clinically insignificant benign and hormonally inac-
tive adenomas that neither pose a risk to a patient’s
health nor warrant the risks of further diagnosis and
treatment, there may be some lesions that do pose a
significant risk, either because of their hormonal activity
or because of their malignant histology. The challenge is
to recognize and treat these few, while leaving the others
alone. As imaging techniques improve and their
use becomesmore widespread, we can expect to encoun-
ter this challenge more frequently. Over the years a
myriad of approaches has been recommended: strat-
egies for hormonal screening, radiological testing, and
histopathological examination. However, even after a
commissioned systematic review of the literature and
a consensus conference sponsored by the National
Institutes of Health, controversies remain and the med-
ical decisions are laced with uncertainty (2,3).

2 THE MAGNITUDE OF THE PROBLEM

What is the magnitude of this management dilemma?
The question is difficult to answer, in part due to lack of
standard definitions, and in part due to variability in
methods and circumstances of detection; incidentaloma
is not so much a disease entity as it is a finding that
may or may not represent disease (2). Different authors
have varied in strictness as to what constitutes an
adrenal incidentaloma. Most agree on the fact that
it is a mass discovered by imaging done for reasons
other than suspected adrenal pathology. Differences of
opinion do exist about exclusion criteria, such as the
known presence of extra-adrenal cancer, or the fact
that the complaints setting off the diagnostic imaging
later turn out to be caused by the adrenal mass after
all. The prevalence of incidentaloma, however defined,
will vary depending upon the circumstances under
which these lesions are detected—both the methods of
detection and the reasons for the imaging study. For
example, the prevalence of clinically inapparent adrenal
masses found at autopsy is about 2.1%, but ‘‘clinically
inapparent’’ is in the eye of the beholder. Prevalence
estimates range from about 0.1% for general health

411



screening with ultrasound, to 0.4–1.9% among patients
evaluated for nonendocrinologic complaints, to more
than 4% among patients who have a previous cancer
diagnosis (2). The prevalence of adrenal incidentalomas,
increases with age.

The differential diagnosis of an incidentally discov-
ered mass is extensive (Table 1), but most are non-
secreting cortical adenomas. In the recent systematic
review that combined studies using the broadest defi-
nitions, adenomas accounted for 41%, metastases 19%,
adrenocortical carcinoma 10%, myelolipoma 9%, and
pheochromocytoma 8%, with other, mostly benign
lesions comprising the remainder (2). Self-evidently,
such percentages will change as other inclusion and
exclusion criteria are applied, i.e., metastases becoming
far less common if patients with known extra-adrenal
cancer are excluded. The distribution of etiologies varies
by size of the lesion; larger tumors are more likely to be

malignant than smaller ones. Among lesions larger than
6 cm, adrenal carcinomas comprised 25% and metas-
tases 18%, while adenomas accounted for only 18%
(2). When bilateral adrenal masses are found, which
occurs in about 10–15% of cases, several diagnoses
are more likely. These include metastatic disease, con-
genital adrenal hyperplasia, lymphoma, infection (e.g.,
tuberculosis, fungal), hemorrhage, adrenocorticotropic
hormone (ACTH)-dependent Cushing’s syndrome,
pheochromocytoma, amyloidosis, and infiltrative dis-
ease of the adrenal glands.

3 DEMOGRAPHICS AND GENETIC

RISK FACTORS

The prevalence of adrenal incidentalomas identified at
autopsy increases from <1% among individuals less
than 30 years of age to about 7% in those 70 years of age
or older (2). There appear to be no gender differences
in prevalence from autopsy studies or general health
exams. Patients with clinical features associated with
functioning adrenal lesions (e.g., primary hyperaldoste-
ronism, pheochromocytoma, Cushing’s syndrome, and
virilization) are more likely to have adrenal tumors.
Although in many cases these features are subtle and do
notprompt earlydiagnosis,whether one should consider
these lesions to be ‘‘incidental’’ is controversial.

Although the molecular pathogenesis of adrenal tu-
mors has not been elucidated, these mechanisms are
under active investigation (4). A variety of rare genetic
syndromes predispose to adrenocortical tumors: Beck-
with-Wiedemann, Li-Fraumeni, multiple endocrine
neoplasia (MEN) 1, Carney complex, and McCune-Al-
bright syndromes. Similarly some syndromes predis-
pose to adrenomedullary tumors: multiple endocrine
neoplasia 2, von Hippel-Lindau disease, and neuro-
fibromatosis type 1. Because of their rarity and obvious
clinical characteristics, they are not diagnosed after the
finding of an incidentaloma. Nevertheless, some of the
molecular targets for these syndromes have been iso-
lated. Understanding these targets may be relevant
to the more typical sporadic adrenal incidentaloma
and lead to better diagnostic, therapeutic, and preven-
tive measures (4). For example, overexpression of the
insulin-like growth factor II (IGF II) gene has been
associated with the tumors of the Beckwith-Wiedemann
syndrome. Germline mutations in the p53 tumor sup-
pressor gene contribute to the high cancer risk (breast
carcinoma, soft tissue and bone sarcoma, brain tumor,
leukemia, and adrenocortical carcinoma) in the autoso-
mal dominant Li-Fraumeni syndrome. Adrenal cancer

Table 1 Differential Diagnosis of an Incidentally
Discovered Adrenal Mass

Adrenal cortical tumors
Adenomaa

Carcinomaa

Nodular hyperplasiaa

Adrenal medullary tumors

Pheochromocytomaa

Ganglioneuroma/neuroblastomaa

Other adrenal tumors

Myelolipoma
Metastases
Miscellaneous, e.g., hamartoma, teratoma, lipoma,

hemangioma
Infections, granulomas, infiltrations
Abscess
Amyloidosis

Fungal infection, e.g., histoplasmosis, coccidiomycosis,
blastomycosis, tuberculosis

Sarcoidosis

Cytomegalovirus
Cysts and pseudocysts
Parasitic

Endothelial
Degenerative adenomas

Congenital adrenal hyperplasiaa

Hemorrhage

Pseudoadrenal masses
Splenic, pancreatic, renal lesions
Vascular lesions (especially aneurysms and tortuous

splenic veins)
Technical artifacts

a Potentially functional.
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is a very unusual presentation of this unusual syndrome.
Abnormalities in the RET-2 proto-oncogene have been
associated with pheochromocytoma in MEN 2. How-
ever, at the end of the day, while the risks for harboring
an adrenal mass remain to be elucidated, the major risk
factor for being diagnosed with adrenal incidentaloma
is clear: undergoing an imaging procedure that includes
the abdomen.

4 CLINICAL FEATURES—CLASSIC

AND SUBTLE PHENOTYPIC

EXPRESSIONS

A patient with an incidental adrenal mass is susceptible
to three types of adverse outcomes: endocrinological or
oncological morbidity, mortality, and anxiety from
knowing about a tumor that might cause problems in
the future (1,5). Hypersecretion of glucocorticoids,
mineralocorticoids, sex steroids, or catecholamines
produces clinical syndromes, each associated with mor-
bidity and premature mortality. The clinical features
associated with Cushing’s syndrome, primary hyper-
aldosteronism, virilization, and pheochromocytoma are
addressed in other chapters in this volume and else-
where. More germane to the management of patients
with adrenal incidentalomas is the potential morbidity
and mortality of subclinical autonomous cortisol secre-
tion and ‘‘silent’’ pheochromocytoma.

Subclinical autonomous glucocorticoid hypersecre-
tion, sometimes misleadingly termed subclinical Cush-
ing’s syndrome, has been found in 5–20% of patients
with adrenal incidentalomas (6–11). This autonomous
hypersecretion is subtle and may be transient. Differ-
ences in prevalence relate to, among other things, lack of
standardized criteria for the diagnosis (2). Yet, although
by definition overt Cushing’s syndrome must be absent,
these patients have a high prevalence of obesity, hyper-
tension, and diabetes and insulin resistance. Abnormal-
ities in bone turnover and bonemass have been reported
(12–17). Tauchmanova et al. (18) used the criteria of the
National ItalianGroup onAdrenal Tumors. In addition
to the absence of clinical signs of cortisol excess these
include two abnormalities in the regulation of the hypo-
thalamic-pituitary-adrenal axis: failure to suppress
serum cortisol to less than 83 nmol/L (3 Ag/dL) by a 2
mg dexamethasone suppression test and the com-
bination of a low-ACTH, high–urinary free cortisol,
and diminished response to corticotropin-releasing hor-
mone. This study involved 28 consecutive patients and
100 age-, and sex-, and body mass index–matched con-
trols. They found that systolic and diastolic blood

pressures were higher in patients, as were fasting glu-
cose, insulin, total cholesterol, and triglycerides. In
addition to elevated insulin resistance, the patients had
increased waist-to-hip ratios and high frequencies of
hypertension (61%), lipid abnormalities (71%), and
impaired glucose tolerance or diabetes (64%); 85%
had multiple cardiovascular risk factors. Evidence of
cardiovascular disease was present in a high proportion
of patients based on clinical evidence, electrocardio-
gram, or carotid ultrasound examination. Whether
these findings will have impact on long-term morbidity
of patients with subclinical autonomous cortisol hyper-
secretion remains to be determined. However, these
metabolic abnormalities may improve after removal of
the adrenal incidentaloma. In the continuum from
normal cortisol-ACTH feedback to autonomous corti-
sol production, the stage at which cortisol autonomy
results in clinical morbidity is not clear. Tsagarakis et al.
(19) performed dexamethasone suppression tests in 61
patients with incidentally detected adrenal masses. In a
post hoc analysis patients were divided into three
groups: patients with a post dexamethasone level of cor-
tisol of >70 nmol/L (group A, n = 19), 30–70 nmol/L
(group B, n=27), and <30 nmol/L (group C, n = 15)
(19). Group A patients had significantly higher choles-
terol and triglyceride concentrations than group C
patients. In addition, the natural history of patients with
subclinical Cushing’s syndrome and, specifically, the
risk of progression to overt Cushing’s syndrome is
unclear. Barzon et al. found that among 130 nonoper-
ated patients with a follow-up z1 year, there were 8
patients who had subclinical autonomous cortisol secre-
tion at diagnosis and 4 who developed overt Cushing’s
syndrome after 1–3 years (10,20–22). One of these had
autonomous cortisol secretion at first diagnosis. The
estimated cumulative risk for a non-secreting adrenal
incidentaloma to develop subclinical hyperfunction was
3.8%after 1 year and 6.6%after 5 years and for patients
with masses with subclinical autonomous glucocorti-
coid overproduction, estimated cumulative risk to
develop overt Cushing’s syndrome was 11% after 1 year
and 26% after 5 years.

Although the classic features of pheochromocytoma
are well known, many patients lack those features and
the diagnosis is readily missed. Among patients with
adrenal incidentalomas, about 8% prove to have pheo-
chromocytomas. Among patients referred to the Mayo
Clinic for management of adrenal pheochromocytoma,
10% were discovered in the course of evaluation for
adrenal incidentalomas (23). These ‘‘silent’’ pheochro-
mocytomas may also be lethal. The most feared diag-
nostic possibility for an adrenal incidentaloma is
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adrenal cancer, which has a mean survival of approx-
imately 18months and 5-year survival of approximately
16% (2,24,25). The clinical manifestations of this dis-
order are addressed in other chapters in this volume and
elsewhere (2). Mercifully, clinically diagnosed cases are
rare; the prevalence of adrenal carcinoma in general is
approximately 12/1,000,000 (26). However, the relative
frequency of adrenal cancer varies considerably among
adrenal incidentaloma series: 4.2% in the whole Na-
tional Italian Study Group (AI-SIE) series, but 25% in
another study (27,28). The unknown is also a concern.
Anxiety for both patient and physician from knowing
about the presence of amass is also not a trivial concern.
All these findings suggest a benefit of presymptomatic
diagnosis. However, at the population level the health
risk posed by adrenal incidentaloma, though real, is
small because of the low prevalence of clinically signi-
ficant tumors with hormonal activity or malignant po-
tential, and the presence of a nonfunctional adrenal
incidentaloma is relatively common.

The adrenal glands are highly vascular organs and
therefore common sites of metastases from extra-adre-
nal malignancy. In patients with a history of malignant
disease, metastases are the most common cause of an
incidental adrenal mass, regardless of size, accounting
for 48% of all incidentalomas in these patients. Carci-
nomas of the lung, breast, kidney, and gastrointestinal
tract and melanoma or lymphoma constitute the most
common sources of adrenal metastases (2). In fact, of
those who die of epithelial malignancies, adrenal metas-
tases are found in 25–75%. The source of the primary
malignancy usually is known when an adrenal inciden-
taloma is discovered; metastatic cancer presenting as
an isolated true adrenal incidentaloma is distinctly
unusual. Although adrenal metastases are generally
bilateral and larger than 3 cm, they may be unilateral
and small.

5 BIOCHEMICAL DIAGNOSIS

Established algorithms exist for the diagnosis of hor-
monally active adrenal lesions. When patients present
with signs or symptoms of these disorders, diagnostic
evaluation can proceed apace. However, when patients
have few or no signs of a particular disorder, the eval-
uation is more challenging. Diagnostic test performance
characteristics in such patients in actual practice are not
known, but they will be less accurate than in patients
with clinically apparent disease. Test sensitivity is likely
to be lower than in the study population from which the
original characteristics were derived (spectrum bias);

test specificity is also likely to be lower. Moreover, the
absence of gold standards for the diagnosis makes
assessment of test characteristics problematic. Finally,
predictive value is dependent upon the prevalence of
disease. Even a test with high sensitivity and specificity
will, when used to detect a rare condition, falsely
identify many nonaffected individuals as having the
disease. Notwithstanding these limitations, a few stud-
ies have evaluated test performance (2). For example,
two studies have used unilateral uptake on NP-59
(radio-iodinated cholesterol) scintigraphy as the indica-
tor of autonomous activity of the incidentaloma (29).
No single test was found to discriminate well between
unilateral and bilateral uptake on scintigraphy. Bardet
et al. (29) found that low 8 a.m. dehydro-epiandroste-
rone sulfate, low 8 a.m. ACTH, basal urinary free corti-
sol, unsuppressed 8 a.m. serum cortisol after overnight
1 mg dexamethasone suppression, unsuppressed day 2
serum cortisol, and unsuppressed day 2 urinary free
cortisol after low-dose dexamethasone suppression had
low sensitivity (0–50%) and moderate specificity (79–
94%) to differentiate unilateral from bilateral scintig-
raphy uptake. In contrast, Valli et al. found that unsup-
pressed 8 a.m. cortisol after overnight dexamethasone
suppression had 100% sensitivity and 67% specificity to
predict unilateral uptake (30). Studies of diagnosis of
catecholamine excess and primary hyperaldosteronism
reveal similar problems in sensitivity and specificity. The
optimal strategy for biochemical evaluation of a patient
with an incidentally discovered adrenal mass is unclear
and remains controversial (see below). Regardless of the
approach used, it should be tailored to what is available;
tests should be chosen based on their performance
characteristics in the laboratories actually used.

6 SERUM MOLECULAR MARKERS

A variety of tissue molecular markers have been used
to distinguish malignant from benign adrenal tumors
and determine prognosis. These include mutant p53, the
proliferation-associated antigen Ki67 protein, loss of
heterozygosity at the 17p13 and 11p15 loci, and over-
expression of the insulin-like growth factor (IGF) II
gene and other IGF system products such as IGF-
binding protein 2 (4,31). Serum levels of IGF-binding
protein 2 have been assessed as a tumor marker (32).
Boulle et al. found no significant difference in plasma
IGFBP-2 concentration between healthy controls and
patients with complete remission or localized tumors
(32). In contrast, patients with metastatic disease had
significantly higher IGFBP-2 plasma levels than the
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control group ( p < 0.001). IGFBP-2 levels in patients
with metastatic disease were inversely correlated with
survival (R2= 0.308; p=0.0026). However, the overall
sensitivity and specificity of this test were low; five
patients (17.8%) with metastatic tumors had normal
IGFBP-2 levels, and two patients (13.3%) in complete
remission had high plasma IGFBP-2 levels, limiting its
value in diagnosis and follow-up of adrenocortical
carcinoma. In one small study, serum levels of vascular
endothelial growth factor (VEGF) were significantly
higher in patients with malignant incidentalomas than
in those with benign ones, and they decreased after
surgery (33).

7 IMAGING FOR ADRENAL

INCIDENTALOMA

Various imaging methods have been used and advo-
cated for the assessment of adrenal incidentaloma (34).
They can be subdivided into purely morphological
methods on the one hand and function-based imaging
methods on the other. Examples of the first category are
ultrasonography, computerized tomographic (CT)
scanning, and magnetic resonance imaging (MRI),
while the MIBG and NP59 scanning are well-known
examples of the latter. The relevance of ultrasonogra-
phy for adrenal incidentaloma is mainly in its role for
detection. As ultrasound scanning is widely used for the
assessment of gallbladder pathology, most ultrasound-
detected incidentalomas are located in the right adrenal
gland. For the diagnostic evaluation of adrenal inciden-
taloma, ultrasound is of limited use (35). It provides
little information about the malignant or benign nature
of a mass, and none about its functional status. How-
ever, ultrasound data may provide indirect evidence for
or against malignancy. Large diameter (as opposed to
small), solidity (as opposed to cystic nature), and rapid
diameter increase (as opposed to slow growth) can be
assessed by ultrasound andmay be used as indicators of
malignancy (36). However, both CT and MRI outper-
form ultrasound in their ability to diagnose malignancy.

CT has been used in the assessment of adrenal
incidentaloma both to detect malignancy (i.e., to iden-
tify those incidentalomas that should be treated) and to
identify adenoma (i.e., to identify those insignificant
incidentalomaswhere treatment is not necessary). Large
size, irregular shapes, vague contour, invasion into
surrounding structures, and high signal intensity have
all been used to identify malignancy (9,87). High signal
intensity can be expressed in either so-called Hounsfield
units (with an intensity higher than 10 or 20 units being

used as diagnostic threshold) or in signal-lesion to
signal-fat ratio (with SL/SF above 1.5 suggesting malig-
nancy). The threshold used determines the sensitivity
and specificity of the test. At low threshold, sensitivity
for malignancy is around 0.9 and specificity around 0.4
(38). Higher thresholds lead to better specificity (around
0.9), but at the cost of lower sensitivity (0.55). More
recently, excellent results have been claimed for the
identification of adenomas by delayed enhanced CT,
with sensitivity and specificity of 98% and 92%, respec-
tively (for an overall accuracy of 96%) (39). Further
research is needed to corroborate these promising
results. A particular application of CT is CT-guided
adrenal biopsy (40). Provided that pheochromocytoma
has been excluded beforehand, such biopsymay provide
a safe and reliable method for assessing the histology of
an adrenal incidentaloma. Both cytology and histology
provide better results for the detection of metastasis of
extra-adrenal malignancy than for the recognition of
primary adrenocortical cancer (40–42).

MRI may be used both to differentiate between
benign or malignant tumors and to diagnose pheochro-
mocytoma. Accuracy with respect to the first purpose is
essentially no better than for CT scan. However, with
respect to pheochromocytoma, MRI outperformed CT
scanning. High signal intensity on T2-weighted MRI is
suggestive for pheochromocytoma, with accuracy orig-
inally having been claimed as close to 100% (43,44).
However, later studies have corrected this overoptimis-
tic perspective (45). By combining the data of several
studies, we estimated the sensitivity and specificity of
T2-weighted MRI for pheochromocytoma at around
92% and 88%, respectively (38). If such accuracy were
indeed true, thiswouldmakeT2-weightedMRImore ac-
curate for diagnosing pheochromocytoma than urine-
VMA assessment. Examples of CT and MR imaging of
adrenal incidentalomas are shown in Figures 1–5.

Of the function-based isotope imaging studies, the
two most frequently used are 131I- or 123I-labeled meta-
iodobenzylguanidine (MIBG) and 131betaiodomethyl-
norcholesterol (NP-59) (46). MIBG is mainly used to
detect pheochromocytoma, while NP-59 has claimed to
assess adrenal hormonal function as well as to differ-
entiate between benign and malignant adrenal tumors.
MIBG has the advantage over CT or MRI that it
provides a whole-body image with the administration
of one tracer dose. As pheochromocytoma may occur
bilaterally and its occurrence is not confined to the peri-
adrenal region (especially in case of malignant pheo-
chromocytoma with metastases), MIBG may be used
for whole-body screening on pheochromocytoma. For
pheochromocytoma detection MIBG has sensitivity
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and specificity of around 87% and 95%, respectively
(38). Positive and negative MIBG results therefore
change the prior probability of pheochromocytoma in
adrenal incidentaloma from 3.5% to around 40% and
0.5%, respectively. Scanning with NP-59 has been
advocated as a means to assess adrenal masses (46–
50). On the basis of concordant or discordant imaging
activity, NP-59 has been claimed to help in the identi-
fication of adrenocortical cancer or in identifying hor-
monally active benign adenomas. The limited available
evidence precludes a definitive conclusion about the

usefulness of NP-59 in the assessment of adrenal inci-
dentaloma. Apart from these four imaging techniques,
others have been described. However, in the absence of
convincing evidence for their added value, there is little
or no reason to use other tests than the four described
above, of which CT scan and MRI are the most com-
monly used and best documented.

8 DIAGNOSTIC THERAPEUTIC

STRATEGIES FOR ADRENAL

INCIDENTALOMA

Adrenal incidentaloma is a typical illustration of the
fact that incidental findings by their nature pose a
considerable threat of overdiagnosis and overtreatment
(51). However, some adrenal incidentalomas are clin-
ically significant, and inadvertently leaving them alone
might damage the patient’s health, not to mention the
doctor’s professional status. Therefore, detection of an
incidentaloma creates a situation where a decision con-
cerning its management has to be taken. Such a decision
may range from a most conservative ‘‘leave alone’’ to a
most aggressive ‘‘take the adrenal gland out right

Figure 1 Patient B, female, 79 years old with large mass in
left adrenal region (11 cm cystic incidentaloma), first seen at
ultrasound examination for suspected gallstones. Because of
the low suspicion of malignancy and no hormonal activity,

physician and patient agreed on follow-up without surgery.
The mass was stable over a 2-year period. (A) CT scan
showing cystic incidentaloma 11 � 10 � 9.5 cm. (B) CT 2

years later: mass stable at 10.5 � 9 cm.

Figure 2 Patient K, male, 75 years old with multiple

sclerosis and a 3 cm adrenal mass first seen at imaging for
neurological assessment. He was normotensive and urinary
catecholamines were not increased. MRI shows a 3 cm mass

in right adrenal gland (see arrow), with fluid level, possibly
necrosis, not typical for pheochromocytoma, but cystic pheo-
chromocytoma cannot be excluded. A 5 � 3 cm pheochro-

mocytoma was removed laparoscopically. Blood pressure
was 150/80 without medication. Final diagnosis: asympto-
matic pheochromocytoma.
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away,’’ preceded or not by additional biochemical or
radiological assessment. Ideally, this decision is based
on a careful weighing of the risks and benefits of each
diagnostic and therapeutic step (38).

Many different strategies have been devised to deal
with adrenal incidentaloma. Most of them are guided
by the aim to elucidate at least two concerns: (1)
assessment of function: Could the incidentaloma, in
spite of its not being detected on the basis of clinical
signs and symptoms, still be hormonally active and
thereby pose a threat to the patients health?; and (2)
assessment of histological nature: Could the inciden-
taloma mass itself be a malignant tumor, which, if left
alone, will continue to grow and metastasize? The first

concern is the reason that all strategies have some
form of hormone assessment, focused on either the
adrenal medulla (searching for pheochromocytoma),
the adrenal cortex (searching for ‘‘subclinical Cush-
ing,’’ aldosteronoma, or sex hormone hyperactivity),
or both. The second concern is less easily dealt with, as
cytology is notoriously less reliable in the differentia-
tion between benign or malignant primary adrenal
tumors than for the detection of metastases from
extra-adrenal origin in oncology patients (41,42,52).
Below we will summarize some of the strategies that
have been advocated and briefly assess their similar-
ities and differences.

9 SPECIFIC STRATEGIES

We have translated four well-known strategies into
simplified flowcharts and a table (Table 2) (which, by
necessity, do not do justice to the complexity and
nuances of the approaches) (26). Copeland’s approach
is among the best known and has been around the
longest (Fig. 6) (3,26,53,54). Copeland first addresses
diameter as the most easily available information item
and one that has a close relationship to the chance of
an incidentaloma being malignant. In addition, he
proposes extensive hormonal screening. Ross and
Aron focused on the hormonal evaluation of the
patient with adrenal incidentaloma and clinical fea-
tures consistent with hormonal hypersecretion rather
than on diameter and/or imaging characteristics (Fig.
7) (53). Later advice not only specified diagnostic and
therapeutic steps that should be taken at the time of
discovery of an adrenal incidentaloma, but also took
into account the fact that incidentalomas originally
considered clinically insignificant may later turn out
to be, or change into, significant disorders (21,22,55).
Follow-up could then be used as a means to monitor
change in functional activity or as a way to differ-
entiate between malignant and benign lesions on the
basis of increase in diameter over time. The strategy
proposed by Young is an example of such an ap-
proach (Fig. 8) (23). More recently, in 2002, an NIH
state-of-the-science conference summarized presently
available evidence and issued a statement that advo-
cates another, albeit similar approach (Fig. 9) (3).

10 ASSESSMENT OF STRATEGIES

Each of these strategies is based on the two concerns
(potential hormonal activity and malignancy) described

Figure 3 Patient D, male, 48 years old, with hypertension
and marginally elevated 24-hour urinary cortisol excretion.

(A) MRI: 4 � 3 cm adrenal mass (arrow), no specific
characteristics, but consistent with an adenoma. (B) CT one
year later: 3 � 4.5 cm mass (arrow). At laparoscopic

adrenalectomy, an adenoma 8 � 5 � 2 cm was removed.
Conclusion: probable subclinical autonomous cortisol hyper-
secretion.

Adrenal Incidentalomas 417



earlier. However, they use different instruments and
cut-off points to get where they want to go. Assess-
ment of function is done by hormonal analysis in all
three strategies. However, they differ in the impor-
tance they lend to this step and in the focus they give
to cortical and medullary hyperfunction, respectively.
Finally, they differ in the specific tests they advise
with respect to the function to be performed. Differ-
ences between strategies can be traced to three causes:
(1) differences in the use of empirical data to assess
the probability of different disorders being present;
(2) differences in assumptions about diagnostic and
therapeutic effectiveness, again traceable to available
empirical evidence; and (3) differences in weight that

are, either implicitly or explicitly, being attributed to
various outcomes.

The first two causes relate to the quality and validity
of the information used. Therefore, differences may be
reduced or eliminated by using methods from evidence-
based medicine to identify the correct underlying in-
formation. The third cause is not so easily solved, as it
relates to judgment, not evidence. Examples of judgmen-
tal issues are the weight that is assigned to missing a
relevant disorder, to short- or long-term morbidity and
mortality, to life expectancy, quality of life, etc. Even the
term ‘‘relevant’’ may be defined in different ways, per-
taining to either ‘‘posing a severe risk to the patient’’
or to ‘‘where outcome can be affected by diagnosis and

Figure 4 Patient S, female, 37 years old with hypertension and adrenal mass first seen at ultrasound imaging for dyspepsia.
(A) MRI: 3 cm mass in right adrenal gland (arrow)—T1-weighted imaging. (B) MRI: 3 cm mass in right adrenal gland
(arrow)—T2-weighted imaging; no elevated signal intensity. (C) CT: 3.3 � 2.5 cm mass (arrow), Houndsfield 17–20 U,
possible cortical adenoma. Laboratory data showed marginally elevated urinary norepinephrine and dopamine, normal

VMA, and marginally elevated cortisol excretion. Dexamethasone suppression test showed inadequate suppression. At
laparoscopic adrenalectomy, a radical excision of an adenoma was performed. Final diagnosis: subclinical autonomous
cortisol hypersecretion.
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Figure 5 Pat T, female, 52 years old with hypertension (180/110), nonspecific chest pain, and upper abdominal discomfort, for
which imaging was performed. (A) MRI (T2-weighted imaging): large 11 � 8 mass in right (peri-)adrenal region (arrow) with low

signal intensity. No intravascular growth or other signs of malignancy. (B) MRI (T2-weighted imaging)—: arrows indicate the
close relationship between the mass and the left renal vein and inferior vena cava. (C) MRI reconstruction in frontal plane.
Arrows indicate relationship with inferior vena cava. The star indicates the aorta. Urinary catecholamines were elevated.
Attempt at surgery, introduction of anesthesia has to be terminated because of uncontrollably elevated blood pressure. Two

weeks later: successful extended transabdominal adrenalectomy, 12 � 8 � 5 cm pheochromocytoma with local perineural and
intravascular growth. Final diagnosis: pheochromocytoma, malignancy cannot be excluded, but patient in excellent health 2
years after surgery.
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treatment.’’ An adrenal metastasis is ‘‘relevant’’ in the
first sense, but may be considered less relevant or even
irrelevant in the second sense because of the impossi-
bility to influence the bad prognosis. For such judgmen-
tal differences there are no universal right or wrong
answers. The rise of evidence-basedmedicine is fostering
transparency and accountability about the information
we use in clinical practice. It is equally valuable to reveal
how choices are guided by value judgments concerning
process and outcome (38). The combination of best

evidence and careful patient-centered value judgment
is the key to good clinical practice for adrenal inciden-
taloma.

11 SURGERY FOR ADRENAL

INCIDENTALOMA

Surgery offers themost direct solution to the diagnostic-
therapeutic dilemma of an adrenal incidentaloma: tak-

Table 2 Simplified Summary of the Main Strategies Proposed to Deal with Adrenal Incidentalomas

Functional assessment Assessment of benign/malignant nature

Author (Ref.) Cortical function Medullary function

Diameter

threshold

Imaging

characteristics

Isotope

scanning

Fine needle

aspiration cytology

Copeland, 1983 (26) Urinary steroids

(various) and 2-day

low-dose dexamethasone

suppression test

24-hr urinary

vanillylmandelic acid,

metanephrines,

and catecholamines

6 cm Solid versus

cystic

— Clear vs. bloody

Ross and Aron,

1990 (53)

– 24-hr urinary

vanillylmandelic acid,

metanephrines,

and catecholamines

6 cm – – –

Young, 2000 (54) Overnight 1 mg

dexamethasone

suppression test

24-hr urinary

vanillylmandelic acid,

metanephrines,

and catecholamines

4 cm – – For suspected metastases

or infection

NIH, 2002 (3) Overnight 1 mg

dexamethasone

suppression test

Plasma-free

metanephrines

4,6 cm – – For suspected metastases

Figure 6 Strategic approach using a size criterion as the initial branch point. Translated into a simplified flowchart from the
1986 paper by Copeland (26).
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ing out the mass and the adrenal gland both answers the
diagnostic question and may offer cure for a disorder
that needed treatment. The fact that diagnosis may be
uncertain at the time of actual treatment makes surgery
for adrenal incidentaloma different from surgery for a
nonincidentaloma adrenal mass. Therefore, before sur-
gery is undertaken, careful planning is needed with
respect to preoperative, intraoperative, and postoper-
ative management. Preoperative management issues in-
clude decisions about hormonal blocking of a suspected
pheochromocytoma or of adrenocortical hyperfunc-
tion. Concerning intraoperative care, a choice must be
taken for a laparoscopic or open surgical approach,
depending on both the size and the suspected nature of
the incidentaloma. In addition, both surgeon and anes-
thetist may have to deal with a pheochromocytoma or
with a large ingrowing or intravascular growing cancer.
Postoperative management includes anticipating upon
the consequences of the reduction in stress hormone
levels that follows pheochromocytoma-extirpation or

the consequences of hormone withdrawal in case of clin-
ical or subclinical autonomous cortisol hypersecretion.

12 PREOPERATIVE MANAGEMENT

Preoperative management ideally achieves maximum
certainty concerning the absence or presence of adre-
nocortical or adrenomedullary hyperfunction. Pheo-
chromocytoma presence, especially if unnoticed and
not managed adequately by blockage of the adrenergic
system, may increase perioperative risk (56–60). Cer-
tainly about pheochromocytoma status is not always
easily obtained. Even if careful history taking reveals no
pheochromocytoma triad (headache, palpitations, and
diaphoresis) and if physical examination demonstrates
normotension, this clinical information is insufficient
proof of pheochromocytoma absence (61). Positive and
negative likelihood ratios are 40 and 0.36, respectively,
increasing the probability of a pheochromocytoma

Figure 8 Strategic approach using a size criterion plus hormonal screening for pheochromocytoma, Cushing’s syndrome, and

hyperaldosteronism as the initial branch point. Translated into a simplified flowchart from the 2000 paper by Young (54).

Figure 7 Strategic approach using a size criterion plus biochemical screening for pheochromocytoma as the initial branch point.
Translated into a simplified flowchart from the 1990 paper by Ross and Aron (53).
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from a prior 3.5% to around 60% in case of a positive
triad, and reducing it to 1% in case of its absence (and
changing from a prior probability of 8% as reported by
Lau et al. to either 78% or 3%) (38). Hypertension
provides even less reliable information, with positive
and negative likelihood ratios of 2 and 0.6 changing
the probability of a pheochromocytoma to 7% or 2%
in the presence or absence of hypertension (or, again,
from 8% to 15% and 5%, respectively). Various
diagnostic tests are available to further reduce any
clinical uncertainty about pheochromocytoma. High
sensitivity maximizes the reliability of a negative test
result, while high test specificity maximizes the reli-
ability of a positive test. Hormonal testing for urinary
or plasma metanephrines counts among the most
reliable tests, with both sensitivity and specificity of
around 95% (62,63). Testing for urinary catechol-
amines or vanillylmandelic acid (VMA) testing is
notoriously unreliable, with dangerously low test sen-
sitivities of 80–85% (64). Imaging techniques may be
helpful; T2-weighted MRI may be used to demonstrate
or exclude pheochromocytoma presence, although the
high accuracy of 90–100% that was originally claimed
has been challenged by more recent work that found a
sensitivity of no more than 65% (44,45). A practical
approach for ruling out pheochromocytoma would be
a negative plasma or, if such testing were not available,
urine metanephrine test, or the combination of a
negative 24-hour urine testing for VMA in combina-
tion with negative T2-weighted MRI or positive test-
ing for cortical hormonal hyperactivity. Ruling out
cortical hyperfunction is likewise important, as hyper-
function of the involved gland (i.e., clinical or sub-

clinical autonomous cortisol hypersecretion), apart
from the long-term risks it may pose, might suppress
the contralateral adrenal gland and thereby expose the
patient to the risk of addisonian crisis after adrenalec-
tomy (6,65). Diagnostic assessment of adrenocortical
function is more easily resolved than that of adreno-
medullary function, with dexamethasone suppression
test being the standard workup for clinical or subclin-
ical autonomous cortisol hypersecretion (66).

13 INTRAOPERATIVE CARE

Surgery for adrenal incidentaloma may pose challenges
to both surgeon and anesthetist. Adrenal surgery
requires careful tissue handling because of the friability
of the adrenal gland and its tendency to easily and per-
sistently bleed. Ideally a no-touch technique is used, ‘‘re-
moving the patient from around the adrenal gland’’
instead of vice versa. Surgery for adrenal incidental-
oma is further complicated by diagnostic uncertainty
concerning pheochromocytoma or malignancy, making
a no-touch technique even more important.

Even without randomized trials, laparoscopic adre-
nalectomy has rapidly become the standard for all ad-
renal masses where this approach is technically and
medically feasible (67–74). This includes at least all
those patients with small and medium-sized (up to 6
cm or more) incidentaloma, where no serious suspicion
of malignancy exists. Laparoscopy eliminates the
trauma associated with other approaches such as the
dorsal lumbar approach or the median laparotomy.
The laparoscopic approach may be less ideal for large

Figure 9 Strategic approach using a size criterion plus hormonal screening for pheochromocytoma, Cushing’s syndrome, and

hyperaldosteronism as the initial branch point. Translated into a simple flowchart from the 2002 NIH Consensus Panel (3).
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or (potentially) malignant tumors, or for tumors that
are highly vascular and/or have a close relationship to
the aorta and/or the vena cava. Different views exist on
whether laparoscopy should preferably be performed
using a transabdominal or a lateral approach (75,76).
The transperitoneal route enables the surgeon to take
care of adrenal gland vessels before manipulation of the
gland itself starts. However, traversing the abdominal
cavity adds the risk of intraoperative intestinal trauma
and potential morbidity in the form of postoperative
paralytic ileus. A lateral extraperitoneal approach re-
duces these risks, but may be technically more difficult.

As adrenal tumors may remain asymptomatic for a
long time, they may grow to considerable size and may
extensively invade adjacent structures such as liver,
diaphragm, kidneys, or abdominal wall. In addition,
hypervascularity or intravascular growth in (ad)renal
vein or vena cava may add to surgical technical com-
plexity. If open surgery is deemed necessary because of
size and/or malignant nature of the incidentaloma,
several approaches are available (77). For large tumors
with suspected ingrowth into surrounding structures
such as diaphragm, spleen, or kidney, the thoraco-
abdominal flank approach offers maximum access.
While a retroperitoneal approach is ideally suited, intra-
operative findings may necessitate switching to a trans-
peritoneal approach. Large tumors located on the right
side, in particular those that have a close relationship
to the vena cava or the aorta, may alternatively be
approached using a midline laparotomy. If this is
combined with an extended Kocher’s maneuver, wide
access can be gained to the tumor, the adrenal vessels,
as well as the vena cava and aorta (see Fig. 10), with
less surgical trauma than with the thoraco-abdominal
approach. In rare cases where extensive cardiac
involvement is present, sternotomy and extracorporeal
circulation may be used as a last resort (78). The dorsal
lumbar approach, which was originally used for small
to medium-sized benign tumors, has in almost all cases
been replaced by laparoscopic adrenalectomy.

Anesthesia for adrenal incidentaloma surgery may
likewise be a challenging endeavor. Although adrenal-
ectomy generally can be performed with little or no
blood loss, large hypervascular or intravascular grow-
ing tumorsmay create situations where the judicious use
of blood (products) aims to prevent the vicious circle of
blood loss, clotting disturbances, and additional blood
loss. If adrenal tumors invade the vena cava or the right
atrium, intraoperative variations in venous return may
add to hemodynamic instability. In case of pheochro-
mocytoma, the judicious and responsive intraoperative
use of a- or h-adrenergic blockers is a prerequisite for

adequate hemodynamic control. All such intraopera-
tive situations can only be handled adequately through
close cooperation between surgeon and anesthetist, who
are aware of each other’s specific needs and problems.
Rapid-response reactions from either partner may be
needed, with actions on the part of the surgeon being
suspended or continued depending on anesthetic need
and vice versa. In this sense, adrenal surgery, perhaps
more than any other surgery, should be the product of
close cooperation between surgeon, anesthetist, and re-
ferring internist/endocrinologist.

14 POSTOPERATIVE CARE

In most cases removal of an adrenal incidentaloma is
not associated with specific postoperative problems. As
with any major operation, general problems may arise
such as bleeding, wound infection, or respiratory prob-
lems. Typically postoperative bleeding may occur as a
retroperitoneal hematoma on the second or third post-
operative day, after an essentially bloodless adrenalecto-
my. In patients with (sub)clinical Cushing, wound com-
plications aremore likely to occur than in those without.
Specific problems, related to the nature of the adrenal
incidentaloma, may arise in hormonally active dis-
orders, being either cortical or medullary tumors. After
removal of pheochromocytoma, chronically present
vasoconstriction will give way to relative vasodilatation
and thus will cause hypotension or overt hypovolemic
shock. Replacement of intravascular volume should be
performed under the guide of central venous pressure
and urine production in an intensive or intermediate
care setting. In most cases fluid balance and hemody-
namic stability can be restored within 24 hours, with no
need for further specific support or monitoring. Steroid-
producing tumors (in case of either subclinical or clin-
ical Cushing’s syndrome) present a different picture.
Removal of the hyperactive ipsilateral gland will leave
only the suppressed contralateral adrenal gland to take
care of cortical adrenal function. To prevent an addi-
sonian crisis from occurring in such situations, intra-
and postoperative substitution is necessary and should
be continued for as long as it may take the other gland to
fully restore adrenal cortical function. This may take up
to a year or more in many cases.

15 PROGNOSIS

The natural history of adrenal incidentalomas is not
well established, and observations vary depending on
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the composition of the study population and the size
and pathological classification of the adrenal mass.
Follow-up of patients with nonfunctioning adrenal
masses suggests that 5–25% of masses increase in size
by at least 1 cm and 3–4% decrease in size (2,21,22,55,
79–82). The threshold for clinically significant increase
in size is unknown, particularly since the reproducibility
of size determination by imaging procedures is
unknown. The risk of malignancy is about 1/1000. Up
to 20% of patients develop hormone overproduction.
Little is known about whether early treatment is bene-
ficial for these conditions before they cause significant
symptoms, although the unpredictable lethality of pheo-
chromocytoma and the insidious nature of the impact of
the high cardiovascular risk associated with subclinical
autonomous cortisol hypersecretion strongly suggest
that early treatment would be beneficial. Masses greater
than or equal to 3 cm are more likely to develop hyper-
function compared to smaller tumors.

The long-term prognosis of surgically treated benign
adenomas causing catecholamine, cortisol or aldoster-
one excess appears to be reasonably good. Of note is the
improvement in cardiovascular risk factors such as hy-
pertension, hyperglycemia, and hypercholesterolemia
after removal of an adrenal incidentaloma associated
with subclinical autonomous cortisol hypersecretion.
However, the immediate outcomes depend upon the
quality of the operative and perioperative care. Espe-
cially relevant are the issues of the learning curve and the
relationship between volume of procedures and out-
come (83,84). For example, Fahlenkamp et al. described
the experience with laparoscopic urological surgery
(including but not limited to adrenalectomy) at four
German centers (85). There were a total of 2407 such
procedures. For the first 100 procedures, the complica-
tion rate was 13.3%, but for subsequent procedures the
rate was 3.6%. Similarly, Catarci et al. reported on 1006
cases and found a complication rate of 6% for the first
50 cases and 1.9% for the rest (86). The existence of a
learning curve for these complex procedures should not
be surprising, and the poor initial outcomes from lap-
aroscopic cholecystectomy should serve as a cautionary
tale.

For those patients found to have adrenal gland me-
tastases, prognosis is defined by the primary tumor—
histology, grade, stage, and site. Approximately 25% of
masses greater than 6 cm in diameter are adrenal
cortical carcinomas, and these patients have very poor
clinical outcomes. Among a large series of studies of
adrenal cancer (usually not presenting as incidental-
omas), 5-year survival ranged from 19 to 62% with a
median of 34% (2). There is some evidence suggests that

surgical extirpation of adrenal cancer at stage 1 or 2may
improve the survival rate.

16 SUMMARY AND CONCLUSIONS

The optimal strategy for evaluation of a patient with an
incidentally discovered adrenal mass remains contro-
versial. The quality of the data upon which such deci-
sions are made remains imperfect, to say the least. We
lack the randomized (or even nonrandomized) trials
that would go a long way toward resolving the contro-
versies. Even in the unlikely event that such trials were
carried out, theywould take years to yield results.More-
over, individual preferences are likely to be critical in
such decision making. Review of the literature supports
the view that such patients are at somewhat increased
risk of morbidity and mortality, and this implies a ben-
efit of early diagnosis for at least for some of the disor-
ders. Our ability to accurately determine clinically those
at increased risk among the vast majority who are not at
increased risk is poor. We therefore rely on biochemical
and radiological diagnostic tests, which have their own
limitations. Subjecting patients to unnecessary testing
and treatment carries its own set of risks. The diagnostic
process itself may contribute considerable anxiety,
expense, and, if invasive, cause pain and other morbid-
ity. The harm that occurs as false-positive results are
pursued has been termed the ‘‘cascade effect.’’Wemust
avoid the pitfalls of overestimation of disease preva-
lence while taking advantage of the benefits of therapy
resulting from advances in diagnostic imaging. In the
meantime, we must use our best clinical judgment based
upon the best available evidence to ensure that we
maximize the benefit to those patients with adrenal
incidentalomas who have clinically significant adrenal
disorders and minimize the harm to those who do not.
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1 INTRODUCTION

Pheochromocytoma is a neuroendocrine tumor,
embryologically derived from the neural crest and
located principally in the abdomen. The anatomical
distribution conforms to that of the sympatho-adrenal
system with predominant origin from the adrenal
medulla in approximately 90% of cases. Most of the
abdominal extra-adrenal tumors are clustered around
the adrenals and the remaining small fraction originates
from sympathetic neurons along the para-aortic, iliac,
and pelvic regions. Extra-abdominal tumors, mainly in
the mediastinum and rarely in the neck, comprise
approximately 2% of all pheochromocytomas (1).

Until the early 1950s, about two thirds of all pheo-
chromocytomas were discovered at autopsy (2). The
absence of physical stigmata in sporadic pheochromo-
cytoma and the nonspecific clinical manifestations pre-
cluded easy recognition of the syndrome. Greater
awareness of endocrine etiologies of hypertension,
advances in the assays of the metabolites and parent
catecholamines in the urine and plasma, the evolution of
imaging for localization, and the development of genetic
testing have led to identification of the disease and its
inherited associations with unprecedented speed and
accuracy (3–8).

Surgery for pheochromocytoma has now attained a
level of safety and efficacy that permits resection of
benign or malignant tumors with minimal morbidity

and rare mortality. For the endocrine surgeon, familiar-
ity with the accuracy and limitations of biochemical
diagnosis, localization by conventional and isotopic
imaging, and perioperative pharmacological and surgi-
cal management are the only guarantees of successful
outcome (9).

Differences in biological behavior, patterns of inher-
itance, association with other neoplastic syndromes,
and distinction between benign and malignant disease
dictate separate description and management of four
categories: sporadic, inherited, extra-adrenal, and ma-
lignant tumors.

This chapter will also address the associations of
pheochromocytoma with other cancer syndromes and
clarify common misconceptions about the disease and
its management. Genetic linkage to other endocrinopa-
thies is well known, but the components of the associ-
ated hereditary neurocutaneous and other syndromes
have not been sufficiently emphasized. Most clinicians
are unaware of the risk of pancreatic neuroendocrine
tumors in von Hippel-Lindau disease (10,11) or of the
rare coexistence of pheochromocytomawith pulmonary
chondroma and gastric leiomyosarcoma, a syndrome of
unknownmendelian inheritance described by Carney et
al. in 1977 (12).

Distorted impressions about the syndrome of pheo-
chromocytoma and the appropriate treatment need to
be demystified. These misconceptions are related to the
source of excess catecholamines causing paroxysmal
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symptoms during physical or emotional stress, the
presumed need for preoperative expansion of the blood
volume, and the suggestion that early ligation of the
main adrenal vein offers an advantage. Confusion per-
sists regarding the fear of catecholamine release by the
tumor with pneumoperitoneum, the choice of inhala-
tion anesthetics and muscle relaxants, and the use of
long-acting adrenergic blockers before and during sur-
gery.

2 HISTORICAL LANDMARKS

In 1886, Felix Fraenkel was the first to give a patho-
logical description of pheochromocytoma, and in 1912,
Pick introduced the name to describe a tumor that stain-
ed brown when exposed to chromium salts (13,14). The
three components of the name were derived from the
Greek faLój meaning brown, mUŃAa, for color, and
nóH H NAa, for tumor. In 1926, the first successful surgi-
cal resections by César Roux in Switzerland andCharles
Mayo were reported (13). Among the numerous bio-
chemical discoveries that made the recognition of
pheochromocytoma possible, several stand out as cor-
nerstones. In 1946, Ulf Svante von Euler made a pio-
neering contribution to the field, which led to the
pathophysiological characterization of pheochromocy-
toma. His discovery that norepinephrine is the neuro-
transmitter of the sympathetic nervous system earned
him a share of the 1970 Nobel Prize in Physiology (13).
The isolation of two catecholamine metabolites in the
urine, vanillylmandelic acid (VMA) by Armstrong in
1956 (15) and metanephrines by Axelrod in 1957, were
landmarks in biochemical diagnosis (16). Gitlow and
coworkers from our institution contributed immensely
to the perfection of biochemical diagnostic methods and
their correlation with the clinical syndrome of pheo-
chromocytoma (17–19).

Recent work done at the National Institutes of
Health by Lenders et al. (3) and Eisenhofer and col-
leagues (4) have added new diagnostic dimensions. The
two teams have shown that measurements of plasma
free (unconjugated) metanephrines offer greater sensi-
tivity and specificity than assays of the parent catechol-
amines and their urinary metabolites.

Historical observations of pathological and clinical
associations with other entities ultimately led to genetic
linkage of pheochromocytoma to multiple endocrine
neoplasia Type 2 (MEN 2), neurocutaneous syndromes,
especially vonHippel-Lindau disease (VHL) and neuro-
fibromatosis Type 1 (NF 1), and the familial para-
ganglioma syndrome (13,20–24).

3 PREVALENCE AND DISTRIBUTION

The prevalence is less than 0.5% in hypertensive adults,
but higher in hypertensive adolescents and children
because of greater likelihood of inherited disease (1,5).
In von Recklinghausen neurofibromatosis Type 1 and
von Hippel-Lindau disease, pheochromocytoma occurs
in up to 2 and 20% of such patients, respectively
(22,23,25,26). However, patients with NF 1 and coex-
isting hypertension (27) or duodenal carcinoids (28)
have a substantially greater prevalence of pheochromo-
cytoma. Close to 40% of patients with MEN 2 harbor a
pheochromocytoma (29).

Pheochromocytoma is neither gender nor race spe-
cific and can occur at any age. Sporadic tumors com-
monly present in the third and fourth decades of life,
while familial disease is manifested one decade earlier.
In sporadic cases, a single tumor arises from the adrenal
medulla, almost never coexisting with extra-adrenal
tumors. In the inherited syndromes, however, bilateral
adrenal disease or multiple extra-adrenal tumors are
often found, and medullary hyperplasia (diffuse or
nodular) or multiple tumors are commonly identified
within the involved ipsilateral and normal appearing
contralateral glands. Finally, extra-adrenal tumors
rarely, if ever, coexist with adrenal pheochromocytomas
and have a predisposition to malignancy.

4 CLINICAL MANIFESTATIONS

Pheochromocytoma is a capricious neoplasm with non-
specific phenotypic manifestations and can therefore be
difficult to diagnose clinically. Hypertension is almost
always present and may be constant, rather than par-
oxysmal, in one third to one half of patients. Parox-
ysmal hypertensive crises may be so fleeting that they
frequently escape detection. In a small minority of
MEN 2 patients and those with predominantly epi-
nephrine-secreting tumors, paroxysmal cardiac ar-
rhythmia may be the presenting symptom.

Excess catecholamines affect a plurality of target
organs, thus inducing a wide spectrum of symptoms
which are often inseparable from those of a variety of
common illnesses. In the broad constellation of symp-
toms, the triad of paroxysmal headaches, palpitations,
and excess sweating is the most common expression in
adults. In children, profuse sweating is a common
manifestation, often ignored due to the infrequent use
of blood pressure measurements. Some unusual clinical
features are transient ischemic attacks, stroke, grand
mal seizures, cardiomyopathy, gastrointestinal crises,
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and diabetes mellitus or insipidus. Severe constipation
or pseudo-obstruction may be the initial manifestation
(30) and secretory diarrhea from elaboration of vaso-
active intestinal polypeptide or calcitonin by pheochro-
mocytoma has been reported (31–34).

Paroxysmal events are usually precipitated by physi-
cal or emotional stress, which induces a flux of catechol-
amines from the expanded storage in the neurosecretory
granules of the sympathetic neurons and adrenal me-
dulla. Despite common misconceptions, stress-induced
neural stimulation does not cause release of catechol-
amines directly from the tumor as no pathways of
innervation exist. In fact, only direct mechanical pres-
sure by blunt abdominal trauma, deep abdominal pal-
pation, certain body postures, vigorous application of
the ultrasound probe, retrograde adrenal venography,
and intraoperative manipulation can cause sudden
release of catecholamine by the tumor. An analogy to
the compression-induced flux of catecholamines is the
induction of symptoms during micturition in pheochro-
mocytomas located in the wall of the urinary bladder.

Physical stigmata, seen mostly in inherited syn-
dromes associated with pheochromocytoma, facilitate
the recognition of the disease. Cutaneous neurofibro-
matosis Type 1 (Fig. 1), café-au-lait pigmentations, and
Lisch nodules of the eye, especially with coexisting
hypertension, should raise strong suspicion of pheo-
chromocytoma. Visible neuromas of the oral mucosa,
tongue, and conjunctiva (Fig. 2) and marfanoid habitus
are indicative of MEN 2B. Loss of vision or of an eye
from retinal angiomas or angioblastomas should alert
the physician to possible existence of von Hippel-Lin-
dau disease.

Family history is a reliable source of information that
may lead to discovery of pheochromocytoma or coex-
isting but silent cancer syndromes. Sudden death of a
parent or sibling at a young age, premature myocardial
infarction or cardiomyopathy (35), endocrine surgery,
and colorectal operation for Hirschsprung’s disease,
ganglioneuromatosis, or megacolon (30) are important
leads in directing diagnostic investigations.

Offspring of parents harboring germline mutations
of the autosomal dominant RET proto-oncogene map-
ped to chromosome 10 (10q11.2), the von Hippel-Lin-
dau tumor suppressor gene mapped to chromosome 3
(3p25-26), or the neurofibromatosis Type 1 (NF 1) gene
mapped to chromosome 17 (17q11.2) are at high risk for
developing pheochromocytoma and other components
of the neoplastic syndromes. About 20% of all pheo-
chromocytomas are discovered by screening families
with MEN 2 or neurocutaneous syndromes, especially
VHL and NF 1. Phenotypic and genetic screening and

surveillance are important because pheochromocytoma
may be the first expression in about one third to one half
of affected kindred in MEN 2 and VHL families (36).
Family history of surgery for carotid body tumor,
glomus jugulare, or other paraganglioma should initiate
the search for extra-adrenal pheochromocytoma and
screening for the presence of mutations of the genes for
succinate dehydrogenase subunits D and B (SDHD and
SDHB), which encode mitochondrial enzymes involved
in oxidative phosphorylation (8).

A history of gastric leiomyosarcoma and pulmonary
chondroma should alert the physician to possible coex-
istence of extra-adrenal pheochromocytoma. This syn-
drome described by Carney et al. (12) has no established
etiology and no known mendelian inheritance. Other
neurocutaneous syndromes which may be associated
with pheochromocytoma are tuberous sclerosis and the
Sturge-Weber syndrome. In tuberous sclerosis, visible
angiofibromas distributed in a butterfly pattern on the
cheeks, chin, and forehead coexist with malformations
or tumors of the central nervous system. In the Sturge-
Weber encephalo-trigeminal angiomatosis, there are
visible cavernous hemangiomas along the distribution
of the trigeminal nerve in association with hemangio-
mas of the leptomeninges.

5 BIOCHEMICAL DIAGNOSIS

Once clinical suspicion of pheochromocytoma is raised,
treatment with oral long-acting a- and, if needed, h-
adrenergic blockers should be started, and testing
should be initiated under standardized, unstressed con-
ditions. Physical or emotional stress, comatose state
from subarachnoid hemorrhage or cerebral tumors,
and congestive heart failure will raise the concentrations
of catecholamines and their metabolites in the plasma
and urine (17,18,37).

All medications should be screened, and those known
to falsely elevate or suppress the catecholamines or their
metabolite concentrations in the plasma or urine should
be stopped for at least one week. Phenoxybenzamine
and tricyclic antidepressants are major causes of false
positive elevation of norepinephrine and its metabolites
(38). Labetalol, one of the frequently used antihyper-
tensive drugs, interferes with catecholamine and meta-
nephrine assays and should be stopped one week before
sampling of plasma or urine (39). Acetaminophen inter-
feres with the analytical method of plasma normeta-
nephrine assay and should be stopped several days
before blood is collected (39). a-Methyl-DOPA, mono-
amino oxidase (MAO) inhibitors, amphetamine, co-

Pheochromocytoma 431



caine, and calcium antagonistsmay interfere with assays
of the parent catecholamines and metanephrines in the
plasma and urine (39). Dietary caffeic acid, a catechol
ingredient in natural and decaffeinated coffee, and its
metabolite dihydrocaffeic acid interfere with assays of
plasma catecholamines (39).

Provocative tests with histamine, glucagon, or phen-
tolamine may cause severe paroxysmal rise or fall of the
arterial pressure, resulting in stroke, myocardial infarc-
tion, or even death. Given the precision of current
biochemical testing, these unnecessary provocative
manipulations are strictly contraindicated. Patients
should be fasting and resting in a quiet environment,
and collection of blood should not be started until 10–15
minutes after venipuncture. Random samples of urine,
preferably 50 mL of the first concentrated morning
specimen, are sufficient, as the results are expressed in
micrograms of the catecholamine metabolite per milli-
gram of urinary creatinine. The assays of these stable
urinary metabolites are valid even in the presence of
renal dysfunction (17,18). Twenty-four hour urine col-
lections, a cumbersome undertaking, are no longer
necessary.

The diagnostic accuracy of measurements of urinary
total metanephrines and VMA in two separate samples,
approaches 98% (17–19,37). In healthy adults, the
normal concentrations of urinary total metanephrines
range from 0.05 to 1.2 (mean 0.61), and those of VMA
from 0.25 to 3.5 (mean 1.4) Ag/mg creatinine. In children
the range of normal values is higher and should be
interpreted with caution. The younger the child, the
higher the normal concentration of metanephrines and
VMA (40). Urinary homovanillic acid (HVA), a metab-
olite of dopamine, is always elevated in children with
neuroblastomas and in some adults with ganglioneur-
omas or malignant pheochromocytoma. Normal uri-
nary concentrations of HVA in adults range from 0.25
to 2.5 Ag/mg urinary creatinine (17–19).

Assays of plasma catecholamines and their metabo-
lites, especially norepinephrine and normetanephrine,
are needed if the urinary test results are equivocal. The
sensitivity and specificity of plasma free metanephrines
has been reported to be 99 and 89%, respectively (38). In
adults, the upper reference limits for plasma norepi-
nephrine and epinephrine are 2.9 and 0.5 nmol/L,
respectively, and for normetanephrine and metaneph-
rine 0.6 and 0.3 nmol/L, respectively (38). Age-related
scales of plasma catecholamines and metabolites have
not been published.

Should both urine and plasma test results prove
equivocal, the clonidine suppression test offers distinc-
tion between pheochromocytoma and essential hyper-

tension. Nonsuppression of plasma norepinephrine by
clonidine implies pheochromocytoma, whereas more
than 50% suppression is indicative of essential hyper-
tension (41). It should be noted that some pheochro-
mocytomas elaborate the enzyme catechol-O-methyl
transferase, resulting in intracellular conversion of cat-
echolamines to the O-methylated compounds and ele-
vation of metanephrines in the plasma and urine with
normal concentrations of the parent catecholamines
(38,39).

6 LOCALIZATION THROUGH IMAGING

Biochemical confirmation of pheochromocytoma is
now followed routinely by efforts at localization. Cur-
rent imaging technology permits anatomical and func-
tional localization of tumors with unprecedented
accuracy, far beyond the surgeon’s visual and tactile
skills. Prior to development of direct imaging of the
adrenals and extra-adrenal sites, the surgical practice
was to explore the abdomen after exclusion of a media-
stinal tumor by conventional chest x-rays. Displace-
ment of the right or left kidney on intravenous
pyelography or the inferior vena cava on selective
venography offered indirect evidence for the presence
of a tumor. Selective arterial or venous angiography
improved direct visualization of pheochromocytomas
arising from the adrenals or the organ of Zuckerkandl
(Fig. 3); however, the stress of invasive instrumentation
and the sudden release of catecholamines by the tumor
during retrograde venous injection of contrast proved
risky. Pharmacological protection with adrenergic
blockade was needed to prevent induction of hyper-
tensive crises or cardiac arrhythmia during these now
abandoned procedures.

Ultrasound examination has improved the direct
imaging of adrenal tumors, but may be limited by the
interposition of gastric and colonic gas. Small adrenal
tumors measuring 1 cm or less can be detected by an
experienced ultrasonographer (42). Patients with sus-
pected pheochromocytoma should be protected with
adequate adrenergic blockade to avoid induction of
hypertensive crisis or cardiac arrhythmia from compres-
sion of the tumor by the ultrasound probe.

Computed tomography (CT) revolutionized the
direct imaging of adrenal and extra-adrenal pheochro-
mocytomas in the neck, mediastinum, abdomen, and
pelvis (see Chapter 28). The resolution power of CT has
permitted localization of tumors as small as 5mmwith a
sensitivity and specificity of 88 and 95%, respectively.
CT imaging also permits distinction between benign and
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malignant tumors (43). Large size, confluent necrosis,
invasion of the capsule or adjacent organs, and large
periadrenal nodes constitute features of malignancy
(Fig. 4). All patients undergoing CT imaging for local-
ization should be protected with adrenergic blockade to
avoid induction of a crisis with ionic or nonionic con-
trast media (44,45).

The introduction of magnetic resonance imaging
(MRI) has offered the additional feature of specificity
through enhancement of signals on the T2-weighted
images (Fig. 5A,B). Although this imaging property is
also common in adrenocortical tumors and therefore
not pathognomonic for pheochromocytoma, correla-
tion with clinical and biochemical information offers an
additional major diagnostic dimension.

Despite the high resolution of CT and MRI, these
imaging modalities fail to screen the entire body and
offer no definitive information on the functional status
of the tumor. Scintigraphic studies, on the other hand,
permit examination of the entire body and define the
physiological properties of neoplasms. Scintigraphy
with meta-iodobenzylguanidine (MIBG), an analogue
of norepinephrine, labeled with iodine-123 (I-123) or

iodine-131 (I-131), and indium-111–labeled octreotide,
a somatostatin analogue, permits not only anatomical
localization but also determination of function with the
highest sensitivity and specificity. Selective uptake of
MIBG by the sympatho-adrenal cells is dependent on
the adequacy of neurosecretory granules in the tumor
(see Chapter 31). Aside from anatomic and functional
specificity, MIBG scintigraphy is superior in detecting
small extra-adrenal tumors and metastases from malig-
nant pheochromocytoma. The sensitivity and specificity
of I-131 MIBG are 87 and 94%, respectively (46), with
more recent studies reporting even higher percentages
(47,48).

Indium-111–labeled octreotide scanning relies on the
affinity of membrane receptors to somatostatin, present
in most neuroendocrine tumors. The sensitivity of
octreotide scintigraphy for pheochromocytoma ranges
from 60 to 90%. Positron emission tomography (PET)
after intravenous administration of fluorine-18–labeled
deoxyglucose (FDG) is the most recent scintigraphic
imaging method oriented toward anatomical localiza-
tion and determination of the metabolic activity of
adrenal and extra-adrenal pheochromocytoma. FDG
uptake in pheochromocytoma does not depend on
catecholamine uptake or abundance of neurosecretory
granules in the tumor, but reflects proliferative activity
and the number of viable tumor cells (see Chapter 31).

These isotopic studies should be used in a comple-
mentary fashion in cases of equivocal diagnostic results.
Scintigraphy should not be used on pregnant women

Figure 3 Arteriographic demonstration of a pheochromo-

cytoma arising from the organ of Zuckerkandl adjacent to
the inferior mesenteric artery.

Figure 4 Large right adrenal pheochromocytoma with
central necrosis raising suspicion of malignancy. Pathological
examination revealed invasion of the capsule indicative of a
malignant tumor.
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and should be used cautiously on women of childbear-
ing age. MIBG and octreotide scintigraphy offer not
only diagnostic localization, but also the ability to use
the selective uptake of the isotope for therapy in the
treatment of inoperable primary malignant and meta-
static pheochromocytoma.

Angiographic selective sampling of blood from adre-
nal veins or extra-adrenal venous tributaries has not
proven useful in localizing small pheochromocytomas
because of the rapid turnover of catecholamines. Fur-
thermore, the stress induced by invasive angiography
results in variable flux of catecholamines from the
expanded pool in the neurosecretory granules of the
sympathetic neurons and adrenal medulla, rendering
the assays virtually invalid.

The temptation to perform percutaneous CT-guided
needle biopsy in suspected, but not proven, pheochro-
mocytoma should be avoided due to the risk of induc-
ing a crisis. In exceptional cases, such as patients with
prohibitive surgical risk and equivocal diagnostic test

results, percutaneous fine needle aspiration should only
be performed under adequate adrenergic blockade.

The plurality of available conventional noninvasive
and isotopic imaging methods has improved the preci-
sionof anatomical localization and thedefinition of phy-
siological status of both benign and malignant tumors.

7 PERIOPERATIVE MANAGEMENT

7.1 Ambulatory Preoperative Care

Once the diagnosis of pheochromocytoma is estab-
lished by biochemical parameters, a-adrenergic block-
ade should be initiated. Only after this blockade has
established normotension can h-adrenergic inhibition
be used to treat compensatory tachycardia. This se-
quence should never be reversed as h-adrenergic block-
ade alone inhibits h-receptor–mediated vasodilatation,
allowing unopposed a-receptor stimulation and po-
tentially inducing a hypertensive crisis. In the majority

Figure 5 (A,B), Large pelvic pheochromocytoma with change of signal intensity from T1 to T2 MRI images. These imaging

features are strongly suggestive but not pathognomonic for pheochromocytoma.
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of patients, noncompetitive or selective a blockade
alone is sufficient, reserving h antagonism for patients
who develop significant tachycardia. Recent studies
argue for the use of oral calcium channel blockade
alone for the preoperative management of pheochro-
mocytoma (49), but this regimen has not been widely
adopted.

Phenoxybenzamine, a long-acting, nonselective oral
a-blocker, is the drug of choice for outpatient manage-
ment. An initial dose of 10 mg twice daily is used with
progressive increases until normotension is achieved
and paroxysmal symptoms are eliminated or mini-
mized. Usually 30–40 mg/day, divided in 3 or 4 doses,
are sufficient, although higher doses may be necessary.
Prazocin, a selective a-receptor inhibitor with shorter
duration of action than phenoxybenzamine, can be used
at doses of 1–2 mg 3 times daily (50). Oral phentol-
amine, a short-acting a-receptor antagonist, has a var-
iable absorption and is therefore unsuitable for therapy
in the ambulatory setting. Similarly, the use of tyrosine
hydroxylase inhibition with metyrosine is not useful in
the management of benign pheochromocytoma as par-
kinsonian symptomsmay occur. Oral h-receptor inhibi-
tion or calcium channel blockade can be achieved with
a variety of selective and nonselective medications.
Small doses of propranolol or atenolol usually provide
adequate restoration of eurhythmia.

The debate over the need for expansion of the
circulating blood volume in the preoperative phase is
plagued by basic misconceptions. The notion that
patients with pheochromocytoma are hypovolemic
(51) is not valid. Measurements of plasma and red cell
volumes in these patients have proven to be within the
normal range (52) and, in fact, pheochromocytoma
patients are hypervolemic relative to the capacity of
the constricted vascular system. Attempts to expand the
circulating volume with prolonged preoperative adre-
nergic blockade does not prevent intraoperative cardi-
ovascular crises and the hypotension that follows tumor
removal (53). The proposed 4- to 6- week delay for
volume expansion serves only to increase the time
period during which these patients are at continued risk
from stress-induced paroxysmal crises. The surgical
treatment of pheochromocytoma must be expeditious
and should be performed immediately after diagnosis
and localization. The appropriate timing of volume
restoration is immediately after tumor removal.

7.2 In-Hospital Preoperative Preparation

In an era when the practice of surgery has, by necessity,
shifted from the inpatient to the outpatient setting, the

safest site for immediate preoperative management of a
pheochromocytoma patient remains the critical care
unit. The highest priority is optimal control of the
arterial pressure and heart rate in a monitored setting.
The choice of drugs for adrenergic inhibition is a mat-
ter of personal preference and institutional idiosyn-
crasy rather than scientific reasoning. The spectrum of
pharmacological management includes a blockade,
combined a and h blockade, short- or long-acting an-
tagonists, and powerful vasodilating agents whose
action is not mediated through adrenergic receptors.

The selection of the short-acting a-blocker phentol-
amine, alone or combined with the h-receptor antago-
nist esmolol, permits easy minute-to-minute titration of
the doses needed to attain normotension and cardiac
eurhythmia. The short half-life and virtual absence of
toxicity renders these two medications highly desirable.
The required infusion rates of these drugs are propor-
tional to the levels of excess catecholamines in the
plasma and tissues and the sensitivity of adrenergic
receptors. The preoperative requirements of a- and h-
blockers permit an estimate of the amounts needed
during induction of anesthesia, endotracheal intuba-
tion, and intraoperative manipulation of the tumor
(54).

Continuous intravenous infusion of phentolamine
should be started at 10 mg/hour with incremental rates
every 5–10 minutes until normotension is achieved.
Usually, an average infusion rate of 35 mg/hr is suffi-
cient, but the requirements may range from 10 to 100
mg/hr. Aside from normotension, the two other criteria
for sufficiency of a blockade are a mild compensatory
sinus tachycardia and nasal stuffiness. The solutions
should be freshly prepared and contain 1.0 mg/mL of
phentolamine in glucose/water. The concentration for
intraoperative use should be two- to threefold higher to
rapidly control intraoperative hypertensive events (9).

Continuous intravenous infusion of esmolol is started
after the development of sinus tachycardia from ade-
quate a-receptor blockade. The esmolol solution should
contain 10 mg/mL of esmolol in glucose/water. The
infusion rate should be started at 25 mg/hr with incre-
mental titration until normal sinus rhythm is attained.
The average infusion rate is 150 mg/hr. Labetalol, with
combined long-acting h and intermediate a activity at a
ratio of 7:1, offers the advantage of a single drug that
can be used orally or intravenously (9). Despite this 7:1
ratio of h to a activity, the rapid onset of a blockade
makes labetalol a useful drug in the perioperative
period. Nitroprusside, a potent vasodilator and smooth
muscle relaxant, should always be available in the
perioperative setting for limited use during episodes
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when adrenergic blockade proves ineffective (50). Pro-
longed infusion rates greater than 2 Ag/kg/min generate
cyanide faster than the body can dispose, leading to
toxicity and potential fatality (55).

The advantages of continuous intravenous use of
short-acting adrenergic blockers are easy titration,
rapid onset of action, negligible toxicity, and the resto-
ration of physiological hemodynamic and cardiac
parameters within minutes after stopping the drugs
(9). Bolus injections of a- or h-receptor blockers may
produce extreme fluctuations of arterial pressure and
heart rate and should be avoided. Although the titration
of intravenous infusion rates of short-acting antiadren-
ergic medications requires greater effort and subtlety,
the ultimate benefits, especially during surgery, are
superior to the ‘‘simplicity’’ of drugs with sustained
action. The rapid control of intraoperative hypertensive
or arrhythmic episodes, the quick return of physiolog-
ical indices and the surgeon’s ability to judge the
completeness of tumor removal are powerful reasons
for the preferential use of the continuous intravenous
infusion of short-acting catecholamine antagonists.

Invasive instrumentation for monitoring of the
peripheral and pulmonary arterial pressures should
never be done without complete pharmacological pro-
tection with a-receptor blockade. Peripheral arterial
and central venous catheters are necessary for monitor-
ing of the respective pressures and pulmonary artery
catheters are indicated in patients with previous myo-
cardial infarction, arrhythmia, or cardiomyopathy.

7.3 Intraoperative Management

Patients should arrive in the operating room after a
day’s preparation in the critical care unit with appro-
priate monitors and well-controlled arterial pressure
and heart rate with intravenous phentolamine and
esmolol. All of the needed solutions must be freshly
prepared and available in the operating room for imme-
diate infusion through dedicated venous access. Delay
in the control of a crisis, even for a few moments, may
cause serious morbidity or death.

Phentolamine and esmolol solutions with concentra-
tions of 2 mg/mL and 10 mg/mL in glucose/water,
respectively, should be continuously infused at an
appropriate rate. Sodium nitroprusside solution of 0.2
mg/mL (50 mg in 250 mL) of glucose/water should be
available for brief use only to control paroxysmal
hypertension that is not responsive to intravenous
phentolamine. The solution should be protected from
light using aluminum foil or other opaque material, but

there is no need to cover the infusion chamber or tubing.
Norepinephrine solution of 16 Ag/mL (8 mg in 500 mL)
of glucose/water should be ready for infusion in case of
hypotension that is unresponsive to discontinuation of
phentolamine and rapid volume infusion.

Surgery should not commence until adrenergic
steady state is attained. Anesthetic induction and en-
dotracheal intubation should be performed under opti-
mal pharmacological protection to minimize induction
of hypertension or arrhythmia. Continuous intrave-
nous infusion of phentolamine and esmolol should be
adjusted, when needed, to control hypertensive or
arrhythmic events during unavoidable tumor manipu-
lation in the course of mobilization and resection of the
tumor.

The choice of inhalational anesthetic and muscle
relaxant is no longer an issue of debate. Our experience
and that of others (50) have demonstrated no correla-
tion between the agent used and the incidence of car-
diovascular events. The primary determinants of the
safe conduct of anesthesia and of successful surgical
outcome are the adequacy of adrenoreceptor blockade
and the maintenance of sufficient anesthetic depth.

7.4 Surgical Approaches

Imaging-directed surgical approaches have totally
eliminated the need for routine exploration of both
adrenals, retroperitoneum, and pelvis by open laparot-
omy, which was practiced before the advent of ultra-
sound and other modern imaging methods. The choice
between minimally invasive and traditional open sur-
gery is a matter of the surgeon’s experience and the
limitations imposed by tumor size, suspicion of
malignancy, adequacy of exposure, and comorbidities.
Patients with recent cardiac failure or intracranial
hemorrhage may be at greater surgical risk with mini-
mally invasive surgery, compared to open techniques,
because pneumoperitoneum lowers venous return to the
heart and increases intracranial pressure (56). Small,
benign, adrenal pheochromocytomas can be safely
resected by endoscopic transperitoneal or retroperito-
neal approaches, while tumors larger than 7 cmandwith
imaging features suggestive of malignancy should be
accessed by open techniques. The open transperitoneal
anterior approach offers excellent exposure for com-
plete exploration, easier control of bleeding, and resec-
tion of large invasive tumors or multiple extra-adrenal
pheochromocytomas. Minimally invasive techniques
offer quick recovery, less adhesion formation, and
superior cosmetic results.
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The concern that the pressure of pneumoperitoneum
may induce flux of catecholamines by the tumor has
been dispelled by clinical observations and assays of
plasma catecholamines during minimally invasive
adrenalectomy for pheochromocytoma.

Experience with bilateral synchronous endoscopic
adrenalectomy is still limited, and the safety of mini-
mally invasive approaches for potentially malignant
pheochromocytomas has not been yet established.

The approach to extra-adrenal abdominal pheochro-
mocytomas depends on anatomical location, size, and
multiplicity of the tumors. The deep retroperitoneal
location, proximity to the aorta, cava, iliac vessels, or
ureters and the potential malignancy dictate caution in
employing an endoscopic approach.

Patients with left adrenal pheochromocytomas, espe-
cially large ones, should have preoperative antipneumo-
coccal and antimeningococcal vaccinations because of
the small likelihood of incidental splenectomy (1–2%).
Knowledge of bilateral renal function with contrast-
enhanced CT is essential because large or malignant
pheochromocytomas may be difficult to resect com-
pletely without nephrectomy due to inseparable blood
supply or direct invasion of the kidney. Informed con-
sent should also be obtained from patients with large,
vascular, invasive tumors, where nephrectomy may be-
come necessary for oncological or vascular anatomical
reasons. Cleansing of the colon is desirable but not
necessary, but antibiotic prophylaxis against Staphylo-
coccus aureus should be routine. Stress doses of cortisol
are needed if bilateral synchronous adrenalectomy is
planned, with or without orthotopic preservation or
heterotopic autotransplantation of cortical tissue.

Early ligation of the main adrenal vein has been
proposed to minimize hypertensive and arrhythmic
events during dissection around the tumor. This concept
ignores the presence of numerous emissary veins con-
necting the central vein with the pericapsular venous
plexus and renal capsular veins. This alternate pathway
for venous outflow is accelerated during stress and
protects the gland from hemorrhage (57,58). Easier
exposure, isolation, and ligation of the main adrenal
veins, especially the short right, are facilitated greatly by
dissection along the less vascular lateral, posterior, and
apical planes first. Access to the planes along the renal
vein on the left and inferior vena cava on the right is
made easier with gentle retraction of the mobilized
gland. A complete discussion of the techniques for
minimally invasive and open adrenalectomy are
described elsewhere in this volume.

Complete removal of the tumor is followedby a fall of
systolic arterial pressure to less than 90 mmHg. This

hypotension can be corrected within minutes by stop-
ping the short-acting a-receptor blocker (phentolamine)
and rapidly infusing 2–3 L of crystalloid. Infusion of
norepinephrine to restore normotension should be
avoided, as it prolongs undesirable vasoconstriction.

8 HEREDITARY PHEOCHROMOCYTOMA

Pheochromocytoma is often linked genetically to other
neoplastic syndromes, inherited mostly by autosomal
dominance. Associations with MEN 2, neurocutaneous
syndromes, especially VHL and von Recklinghausen
neurofibromatosis and the familial paraganglioma syn-
drome, have been documented (8,10,11,21–30).

Inherited pheochromocytoma occurs one decade
earlier than sporadic in part because of earlier detection
through screening of families. About 20% of all pheo-
chromocytomas are discovered by prospective screen-
ing of families. In MEN 2A and VHL families the
incidence of bilateral adrenal pheochromocytomas
(synchronous or metachronous) is 90 and 60%, respec-
tively (36). The multiplicity of tumors in each gland
reflects evolution from medullary hyperplasia.

Familial pheochromocytoma alone has yet to be
defined by genetic testing.

In a recent retrospective genetic study of 271 patients
labeled as nonsyndromic (sporadic) pheochromocyto-
ma, 66 (24%) were found to have mutations. Of those,
30 had mutations of the VHL gene, 13 of the RET pro-
to-oncogene, 12 of SDHB, and 11 of SDHD genes.
Patients with multifocal extra-adrenal pheochromocy-
tomas presenting at age 18 or younger are more likely
to have mutations of the SDHB and SDHD genes (8).
This innovative study indicates that the prevalence of
inherited pheochromocytoma is perhaps far greater
than once thought.

8.1 Multiple Endocrine Neoplasia Type 2

MEN 2 is a cancer syndrome affecting organs derived
from the neuroectoderm. The previous narrow defini-
tion of MEN 2A, which included medullary thyroid
carcinoma (MTC) or thyroid C-cell hyperplasia, pheo-
chromocytoma, and hyperparathyroidism has been
broadened by the international RET Mutation Con-
sortium (21). The MEN 2B phenotype was defined as
the constellation of MTC with or without pheochromo-
cytoma, usually without parathyroid disease, and char-
acteristic clinical abnormalities (mucosal neuromas,
marfanoid constitution and intestinal ganglioneuro-
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matosis). The susceptibility gene for MEN 2 has been
traced to chromosome 10 (10q11.2) (21).

In MEN syndromes, the full expression of the phe-
notype occurs sequentially, rather than simultaneously.
In MEN 2A, only 20% of patients will present with
clinical manifestation of all components. Prospective
screening and long-term surveillance are therefore
imperative to detect asymptomatic family members
and the clinical or biochemical development of latent,
subclinical components.

The prevalence of pheochromocytoma in MEN 2
families is about 40% (8). It usually originates from the
adrenals, is bilateral (synchronous or metachronous) in
90% of MEN 2A families (9), and is rarely malignant
(36). Multiple tumors or medullary hyperplasia (diffuse
or nodular) are commonly present in the ipsilateral
involved and contralateral adrenal, which appears nor-
mal on imaging.

The alarming report by Carney et al. in 1976 (59) that
MEN 2 patients are at higher risk for malignancy
proved incorrect. Subsequent larger series of MEN 2
and VHL patients did not verify the high risk for
malignant pheochromocytoma in such families
(29,36,60). As a result, the recommendation for pro-
phylactic removal of the contralateral normal-appear-
ing gland to prevent malignancy is no longer tenable.

Intestinal manifestations of MEN 2 include Hirsch-
sprung’s disease and ganglioneuromatosis. Familial
Hirschsprung’s disease can be autosomal dominant or
recessive. Linkage to the chromosomal region contain-
ing the RET proto-oncogene has been documented (21).
A recent study revealed that some patients with MEN
2A develop Hirschsprung’s disease and kindred with
MEN 2B develop intestinal neuromas and megacolon
(30). Six of eight patients with Hirschsprung’s disease
among 83 MEN 2A families had surgery for aganglio-
nosis 2–23 years prior to the diagnosis of MEN 2A.
Almost all 28 patients with MEN 2B had gastrointesti-
nal symptoms, but only one third had surgery (colec-
tomy, colostomy or pull-through) 1–30 years prior to
the MEN 2B diagnosis (30). Although this study was
conducted with questionnaires and had only a 59%
response, it has promoted awareness of the expanding
spectrum of MEN manifestations and the need of
prospective screening for MEN in children with intesti-
nal manifestations.

8.2 Association with Neurocutaneous Syndromes

Pheochromocytoma can be genetically linked to neuro-
cutaneous syndromes, also known as phacomatoses,
which are inherited by autosomal dominance. In von

Hippel-Lindau disease, pheochromocytoma occurs in
about 20% of family members (23,26,60). Genetic link-
age analysis showed that the gene responsible for VHL
is located on the short arm of chromosome 3, within the
region of 3p25-3p26 (61). The incidence of VHL is
approximately 1:36,000. The spectrum of VHL-associ-
ated neoplasms also includes hemangioblastoma of the
central nervous system and retina, renal cell carcinoma
(usually bilateral), renal and pancreatic cysts, cystic or
solid lesions of the liver, spleen, epididymis and ovary,
and pancreatic neuroendocrine tumors (23,60,62). Of
256 VHL patients screened by history, physical exami-
nation, genotyping, and imaging studies, 30 (12%) had
a pancreatic neuroendocrine tumor (11).

The incidence of type 1 neurofibromatosis (NF 1) is
1:3000, and pheochromocytoma is found in up to 2% of
those patients and more frequently in those with coex-
isting hypertension or duodenal carcinoids (22,27,
28,63). The NF 1 gene has been localized on chromo-
some 17 (17q11.2) (63).

Pheochromocytoma is rarely associated with the
Sturge-Weber syndrome and tuberous sclerosis. The
former is also known as encephalo-trigeminal syndrome
and is characterized by cavernous hemangioma along
the facial distribution of the trigeminal nerve and
venous hemangiomas of the leptomeninges. The syn-
drome of tuberous sclerosis comprises hypopigmented
skin lesions, angiofibromas distributed in a butterfly
configuration over the cheeks, chin, and forehead, and
tumors of the central venous system.

8.3 Familial Paraganglioma Syndrome

The genotype of the familial paraganglioma syndrome
has been recently defined through discovery of muta-
tions in the genes of succinate dehydrogenase subunit D
(SDHD) and succinate dehydrogenase subunit B
(SDHB) encoding mitochondrial enzymes involved in
oxidative phosphorylation (8,24). The syndrome com-
prises extra-adrenal pheochromocytoma and tumors of
the carotid body, aortic arch, and jugulo-tympanic
region. The mendelian inheritance of the syndrome is
unknown.

9 EXTRA-ADRENAL PHEOCHROMOCYTOMA

The term functioning paraganglioma is synonymous
with extra-adrenal pheochromocytoma. These tumors
originate from the system of paraganglia, which extends
from the base of the skull to the pelvis and includes the
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jugulotympanic, vagal, carotid body, laryngeal, aortico-
pulmonary, and viscero-autonomic regions (65). The
incidence of extra-adrenal tumors is 15–22% of all
pheochromocytomas (66,67), with anatomical predilec-
tion to the peri-adrenal regions. Extra-adrenal pheo-
chromocytomas rarely co-exist with primary adrenal
tumors, sporadic or familial. Eighty-five percent of
extra-adrenal pheochromocytomas are located in the
abdomen (68) in anatomical regions defined as superior
para-aortic, inferior para-aortic, and pelvic (69). The
superior para-aortic region includes the peri-adrenal
and peri-hilar sites, and the inferior para-aortic includes
the inferior perinephric and iliac artery regions. The
urinary bladder paragangliomas are classified sepa-
rately because of their characteristic symptomatology
(70). Multicentricity is high, ranging between 15 and
24% overall, and is higher in children (1,5,66–69).
Extra-adrenal pheochromocytomas secrete exclusively
norepinephrine, because they lack the cortisol-sensitive
enzyme phenylethanolamine-N-methyltransferase,

which catalyzes norepinephrine to epinephrine. Tumors
arising from the organ of Zuckerkandl are the excep-
tion, as they do produce epinephrine. Localization and
surgical treatment of extra-adrenal tumors is more
difficult than primary adrenal pheochromocytomas.
The small size and multiplicity are often difficult to
detect, and confusion with enlarged lymph nodes is
not unusual. The best imaging modality is the I-131
MIBG scintigraphy, which offers total body scanning
and detection of metastatic disease.

Extra-adrenal pheochromocytomas are the most
aggressive of the adult sympatho-adrenal tumors,
should be considered malignant, and approached
accordingly, whether in the abdomen, chest, or neck
(Figs. 6,7). Multifocal disease does not have a higher
rate for malignancy than solitary tumors. The reported
incidence of malignancy in tumors arising from the
organ of Zuckerkandl is 22% (70) and up to 15% in
those originating from the urinary bladder (71).The
deep retroperitoneal location, often between the cava

Figure 6 Pheochromocytoma of the superior mediastinum in a 13-year-old associated with one pharyngeal and 13 abdominal
extra-adrenal pheochromocytomas. Ten were para-aortic, 2 in the urinary bladder and 1 in the vagina. The mediastinal and 5

para-aortic tumors were resected successfully. The patient died at age 19 from carotid bleeding following resection of the
pharyngeal tumor by a different surgical team. Autopsy revealed 5 para-aortic tumors, 2 in the urinary bladder and 1 in the
vagina. The adrenal glands were normal.
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and aorta, the close proximity to the origin of the
inferior mesenteric vessels in Zuckerkandl tumors and
the malignant propensity dictate caution in approach-
ing these tumors with endoscopic methods.

10 MALIGNANT PHEOCHROMOCYTOMA

Primary adrenal pheochromocytoma, whether sporadic
or familial, carries a risk of malignancy of about 5%,
whereas extra-adrenal origin is associated with 5- to 10-
fold higher risk (36,68,72,73). In our experience and that
of others, one half of all malignant pheochromocytomas
arise from extra-adrenal sites (9,68,73,75,76). Patients
with malignant tumors, irrespective of origin, typically
present in their mid-forties, one decade later than those
with benign pheochromocytoma and two decades later
than those with familial disease. Other than extra-
adrenal origin, there is no identifiable risk factor in the
genesis of malignancy.

Markedly elevated serum chromogranin A and high
excretion of urinary homovanillic acid are suggestive of
malignant pheochromocytoma. Large size with conflu-
ent necrosis, local invasion, and distant metastases are
the hallmarks of malignant disease as well. The histol-
ogy of the primary tumor by light microscopy does not
permit distinction between benign and malignant
tumors. The natural history of malignant pheochromo-
cytoma cannot be predicted by morphological or histo-
chemical features of the primary or metastatic tumors.
The typically slow growth of malignant pheochromo-
cytomas favors aggressive surgical debulking and man-
agement with antihypertensive and antiarrhythmic
medications. Overall, a 50% survival with advanced
disease has been reported (9,68,72,75–79).

Reduction in tumor size, serum markers, catechol-
amine synthesis, and clinical improvement have been
difficult to achieve with chemotherapy and conven-
tional or isotope-based radiotherapy.

In a small sample of 14 patients, combination chemo-
therapy with cyclophosphamide, vincristine, and dacar-
bazine yielded complete and partial biochemical and
clinical response in 79 and 57%, respectively, with a
median duration of 21–22 months (80).

A larger experience using isotope-based radiother-
apy has been recently reported. Meta-iodobenzylguani-
dine labeled with I-131 (I-131 MIBG) is taken up and
concentrated by 85–90% of pheochromocytomas and
metastases enabling delivery of selective therapeutic
radiation (81).More than 100 patients have been treated
with I-131 MIBG at several medical centers with doses
ranging from 100 to more than 500 mCi in single or

multiple sessions (82). The radionuclide is also concen-
trated in the sympathetic neurons and adrenal medulla,
but there were no adverse effects on the sympatho-
adrenal system. Partial remission was reflected in reduc-
tion of tumor size and function in one third of the
patients. Complete remissions were rare, and recurrence
or progression were observed within 2 years. The only
serious side effect was transient bone marrow depres-
sion.

11 PHEOCHROMOCYTOMA AND

PREGNANCY

Hypertension and preeclampsia, common during ges-
tation, the limitations in biochemical diagnosis and
localization because of the stress of pregnancy and risk
of exposure to ionizing radiation, and the unknown
effects of adrenergic blockade on the fetus during the
first two trimesters have magnified the challenges in the
management of this problem.

Prior to the 1970s unrecognized pheochromocy-
toma before or during pregnancy, during delivery,
and in the early postpartum recovery carried a mortal-
ity rate of about 50% for the fetus and the mother
(83,84). More recently, improved recognition, local-
ization, and management have resulted in drastic
reduction of maternal mortality to 17% overall and
to 1% if the diagnosis was made antepartum (85). In a
review of 139 patients by Harper et al. (85) the correct
diagnosis was made before delivery only in about one
half of the cases.

The normal concentrations of catecholamines and
their metabolites in the plasma and urine during preg-
nancy have not been adequately studied even though
Freier and Thompson (86) found that they are not
affected by pregnancy. Imaging of the abdomen is
limited to ultrasonography and MRI as I-131 MIBG
and CT are contraindicated because of unknown con-
sequences to the fetus.

The surgical strategies are determined by the obste-
trician, the endocrine physician and surgeon, and by the
mother. Uncontrolled hypertension at any stage is an
indication for immediate surgical intervention. After
completion of organogenesis at about 24 weeks, adre-
nergic blockade is no longer contraindicated and preg-
nancy can be continued with adequate pharmacological
control. In the second trimester, the risk of spontaneous
abortion is low and laparoscopic or open surgery is
apparently safe (87).

The safest surgical option remains synchronous
Cesarian delivery and resection of the pheochromocy-
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toma. Some reports have suggested vaginal delivery
followed either by immediate or staged tumor resection
as a viable option, provided that postpartum care is
given in a monitored setting with strict pharmacological
control.

12 PERSONAL EXPERIENCE

From September 1968 to September 2002, 181 opera-
tions were performed in 161 patients with pheochromo-
cytoma by the senior author at the Mount Sinai
Hospital in New York City. Hospital and office records
were reviewed for demographic information, presenting
symptoms, associated conditions and family history,
laboratory evaluation, tumor localization, operative
and pathological findings, and postoperative course.
Follow-up information was obtained from charts, per-
sonal interviews and correspondence.

12.1 Demographics

There were 161 patients, 66 male and 95 female. There
were 127 sporadic cases, 34 familial, 26 extra-adrenal,
and 15 with malignant disease. The ages in years
expressed in mean F SD (range) were 42 F 19 (5–86)
overall, 45 F 19 (5–86) for sporadic, 28 F 11 (7–55) for
familial, 37 F 20 (7–83) for extra-adrenal, and 44 F 20
(7–68) for malignant disease. Twenty-four of 26 extra-
adrenal tumors and 14 of 15 malignant tumors were in
patients diagnosedwith sporadic disease, and 9 of the 15
malignancies were found in extra-adrenal locations.

Of the 34 patients with familial disease (17 males and
17 females), 16 were diagnosed with MEN 2A, 11 with
von Hippel-Lindau disease, 4 with neurofibromatosis
(NF 1), 2 with familial pheochromocytoma, and 1 with
familial paraganglioma (PGLI) syndrome. At the time
of presentation, 26 patients had a parent, 26 had a
sibling, 11 had a second-degree relative, and 1 patient
had a child with the same diagnosis. Bilateral tumors
were found either synchronously or metachronously in
26 of 34 patients. Fourteen of 16 MEN 2A patients
underwent thyroidectomy for medullary cancer, and
only 2 were diagnosed with parathyroid disease. Of 11
patients with VHL, 7 developed retinal or CNS heman-
giomas, 4 developed renal cell carcinoma, and 2 had
pancreatic islet cell tumors. One of 4 with neurofibro-
matosis had a pancreatic gastrinoma. The 1 patient
diagnosed with the newly described PGLI syndrome
presented after resection of bilateral carotid body
tumors with coexisting extra-adrenal pheochromocy-
toma and paraganglioma of the aortic arch.

12.2 Symptoms

In the sporadic group, the most common presenting
symptomswere headache in 75 (59%), palpitations in 70
(55%), sweating in 60 (47%), dizziness in 18 (14%),
nausea in 17 (13%), and blurred vision in 9 (7%).
Twenty (16%) patients were asymptomatic on presen-
tation.

The most common presenting symptoms in the fa-
milial group were palpitations in 17 (50%), headache in
15 (44%), sweating in 12 (35%), dizziness in 9 (26%),
nausea in 6 (18%), and blurred vision in 2 (6%). Nine
(26%) patients were asymptomatic on presentation. In
both groups, less common complaints included flush-
ing, abdominal pain, fatigue, and panic attacks.

12.3 Hypertension and Cardiac Disease

In the sporadic group, sustained hypertension was
present in 78 (61%), paroxysmal hypertension was
present in 58 (46%), arrhythmias in 26 (19%), and
significant congestive heart failure, cardiomegaly, or
cardiomyopathy was found in 3%.

In the familial cases, sustained hypertension was
present only in 10 (29%), paroxysmal hypertension in
7 (21%), and an arrhythmia was found in 1 (3%)
patient.

12.4 Laboratory Evaluation

Biochemical confirmation of the diagnosis was made by
assays of urinary total metanephrines, VMA, and HVA
in two separate random sample collections of about 1–2
fluid ounces, in the absence of stress. The results were
expressed in Ag of the metabolite per mg of urinary
creatinine. In cases of equivocal urine assays, plasma
catecholamines and metanephrine concentrations with
or without clonidine suppression were used. Pharmaco-
logical provocative tests were never used because of the
risk of serious morbidity caused by the sudden rise or
decline in arterial pressure. With the use of combined
urinary and serum assays and repeated sampling in
borderline cases, a diagnostic accuracy of 98% was
attained.

12.5 Localization

Prior to the availability of high-resolution imaging,
our surgical approach consisted of open laparotomy
with exploration of both adrenals, and the para-aortic,
iliac, and uretero-vesical regions, after exclusion of
mediastinal tumor by conventional x-ray. Current
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imaging techniques permit exploration of the abdo-
men and localization of pheochromocytomas with
precision that surpasses the surgeon’s tactile and
visual sensitivity.

Abdominal ultrasound imaging was the first method
of localization used in our series and was the first, and
sometimes the only, radiographic study in 42 cases
(33%). Ultrasonography proved valuable in large
tumors, but had serious limitations in small tumors
because of the interposition of gas between the ultra-
sonic probe and the retroperitoneal target. It has proved
unhelpful in the detection of extra-adrenal pheochro-
mocytomas.

Angiography and IVP were employed in 13 (10%)
and 22 (17%), respectively, almost exclusively prior to
the advent of CT scanning. The potential risk of inva-
sive methods, especially retrograde venography, neces-
sitated pharmacological protection with adrenergic
blockers during the procedure to prevent paroxysmal
hypertension and/or arrhythmia.

In our series, CT imaging was obtained in 89 patients
(70%) and MRI was used in 39 (31%). These methods,
used singly or combined, have proven highly successful
in the localization of tumors as small as 1 cm.

MIBG and octreotide scintigraphies, which offer
localization and high degree of specificity, were used
only in 15 cases (12%). The former offers a sensitivity of
85–100% and specificity of 99%, and the latter a
sensitivity of 60–90%. One case was diagnosed by
PET scan.

12.6 Preoperative and Intraoperative Management

Intravenous continuous infusion of phentolamine at an
average rate of 35 (range 5–100) mg/hr was used in all
but 11 cases for the control of arterial pressure, and
esmolol at an average rate of 154 (20–400) mg/hr for the
control of heart rate in all but 20 cases. The two short-
acting adrenergic blockers were started 12–24 hours
preoperatively after insertion of arterial line and cardiac
monitoring in the intensive care unit. Labetalol, a
combined a- and h-receptor blocker, was used as a
single agent in 11 cases.

12.7 Operative Procedures and Findings

Prior to 1993, an uppermidline incisionwas used almost
exclusively in resecting bilateral or unilateral adrenal
and extra-adrenal pheochromocytomas. The laparo-
scopic transperitoneal lateral approach has now been
used in 35 unilateral adrenalectomies with conversion to

open laparotomy in 3 patients. Two mediastinal tumors
were resected through postero-lateral thoracotomy in
collaboration with the thoracic surgical service. With
one exception, malignant pheochromocytomas were
resected by conventional laparotomy.

Unilateral tumors were found in 98 (77%) of spora-
dic cases, equally divided between right and left. Bilat-
eral pheochromocytomaswere found in 5 (4%) patients:
4 synchronous and 1 metachronous. The latter case was
that of a 5-year-old girl who had a 168-month interval
between adrenalectomies. Autotransplantation of the
adrenal cortex was performed twice without success.
Extra-adrenal tumors were found in 24 (19%) and
resected by open methods.

Unilateral tumors were found in 6 (18%) of familial
cases, equally divided between right and left, and extra-
adrenal tumors were found in 2 (6%) patients. Bilateral
pheochromocytomas were found in 26 (76%) patients:
16 synchronous and 10 metachronous. In the metachro-
nous cases, the average interval between adrenalecto-
mies was 74 months with a range of 9–156 months.
Autotransplantation of the adrenal cortex was per-
formed in 16 patients, with success in 6. Three children
with VHL disease and bilateral pheochromocytomas
had orthotopic preservation of portions of one adrenal
to avoid dependence on exogenous steroids during
adolescence. All developed recurrence necessitating
completion adrenalectomy at intervals of 1–13 years.
A 15-year-old female with MEN 2A who had partial
bilateral adrenalectomies elsewhere developed recur-
rence in both glands and underwent bilateral comple-
tion adrenalectomies here 3 years later.

In themalignant group, 7 of 15 patients had resection
of the primary tumor elsewhere. The intervals between
resection of the primary tumor and recurrence ranged
from 2 to 19 years. Seven patients had more than one
operation with an aggregate of 26 operations in 15
patients.

12.8 Pathology

The anatomical distribution of tumors in the 161
patients is shown in Table 1. Average tumor size in the
sporadic group was nearly 7 cm in greatest diameter and
was nearly 5 cm in the familial cases. Fourteen (11%)
sporadic and 1 familial case had histological evidence of
malignancy.

12.9 Postoperative Course

Mean hospital stay overall was 9.4F 7.6 days (2 – 55) in
the sporadic group and 9.9F 5.4 (4 – 20) in the familial
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group. Those patients who underwent laparoscopic
resection had a mean hospital stay of 4.0 F 2.1, while
those undergoing open approaches had a mean stay of
10.8 F 6.8 days.

12.10 Complications

The demographics and operative data for a case control
group of 35 open and 35 laparoscopic cases are pre-
sented in Table 2, and the morbidities are presented in
Table 3. The overall complications for the entire series
are detailed in Table 4.Most notable in the laparoscopic
era are a distal pancreatectomy during difficult left
adrenal dissection and rupture of a large cystic tumor
with subsequent development of multiple peritoneal
implants. There was no operative mortality in our 181
operations.

12.11 Outcome

In the sporadic group, mean follow-up was 25 F 49
months (0 – 328), and residual hypertension was found

in 22 (17%), predominantly in patients with malignant
disease. As would be expected, mean follow-up in the
familial cases was significantly longer, 95F 111 months
(1 – 336), and residual hypertension was found in 2
(6%). Of the 15malignant cases, 2 were lost to follow-up
and death from metastatic pheochromocytoma
occurred in 5 patients after a mean survival of 132
months.

12.12 Discussion

There is no specific constellation of symptoms indicative
of pheochromocytoma, but the triad of paroxysmal
headaches, palpitations, and sweating should raise
suspicion of the syndrome. New-onset hypertension,
especially in the young and in families with MEN
2, neurocutaneous, and paraganglioma syndromes,
should be promptly investigated. Rare initial presenta-
tions include stroke, seizures, diabetes mellitus and
insipidus, or cardiomyopathy. Unrecognized pheochro-
mocytoma still carries unacceptable serious morbidity
and mortality in the settings of childbirth, unrelated
surgery, trauma, and other physical or emotional stress.
Twomembers of families under our care forMEN 2 and
von Recklinghausen’s disease died at other hospitals,
one immediately postpartum and the other 3 days after
left adrenalectomy for pheochromocytoma. Autopsy
revealed medullary hyperplasia of the remaining adre-
nal. At our institution, a 47-year-old male underwent
resection of a left adrenal pheochromocytoma one
month after heart transplant for what was thought to
be irreversible cardiomyopathy. Had the tumor been
detected and treated, the transplant might have been
unnecessary.

Biochemical diagnosis under standardized and
unstressed conditions with urinary and, if needed,
plasma catecholamines and their metabolites, with or

Table 1 Anatomical Distribution of Tumors in (6)
Patients

Location Percentage

Adrenal
Left 33
Right 32

Bilateral 19
Extra-adrenal Tumors
Periadrenal/para-aortic 11

Organ of Zuckerkandl 5
Extra-abdominal (mediastinal) 1

Table 2 Comparison of Laparoscopic and Open Experience

Open

(n = 35)

Laparoscopic

(n = 35)

Female gender (%) 70 71
Age (mean) 44 46
Left side (%) 64 48

Tumor size (cm) 5.2 4.9
Phentolamine required (mg/hr) 32 26
Esmolol required (mg/hr) 208 118

Blood loss (mL) 410 135
Hospital stay (days) 10 4
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without clonidine suppression, approaches 100% accu-
racy. Provocative tests have no place in this disease
because of the risk of morbidity and mortality. Pheo-
chromocytomas can be localized using CT, MRI, and
MIBG scintigraphy, alone or in combination, with a
precision approaching 100%. Abdominal ultrasound
and octreotide scanning offer a lower sensitivity. The
accuracy with which noninvasive imaging techniques
explore the abdomen have made routine surgical expo-
sure of both adrenals and para-aortic and pelvic regions
unnecessary. The open lumbar and laparoscopic
approaches which limit access to one adrenal are now

fully justified. Our current approach to diagnosis, local-
ization, and treatment is depicted in the algorithm
shown in Figure 8.

Continuous intravenous phentolamine and, if
needed, esmolol offer the unique advantages of short
half-life, no toxicity, and efficient regulation of arterial
pressure and heart rate. The moment-to-moment
adjustment of the infusion rates and the immediate
cardiovascular response are critical to the safe conduct
of the operation. The rapid restoration of physiological
hemodynamic and cardiac indices after discontinuing
adrenergic blockade permits accurate judgment regard-

Table 3 Operative Complications (Case-Control Study)

Open

(n = 35)

Laparoscopic

(n = 35)

Pneumonia 2 0
Pneumothorax 1 1
Pleural effusion 1 0

Bleeding requiring reexploration 1 0
SBO requiring reexploration 1 0
Splenectomy 1 0
Distal pancreatectomy 0 1

Tumor rupture/seeding 0 1

Mortality 0 0

Table 4 Operative Complications (Overall)

Open

(n = 146)

Laparoscopic

(n = 35)

Pneumonia 5 0
Pneumothorax 1 1
Pleural effusion 3 0

Bleeding requiring reexploration 1 0
SBO requiring reexploration 2 0
Splenectomy 5 0
Splenorrhaphy 3 0

Distal pancreatectomy 0 1
Tumor rupture/seeding 1 1
Renal artery injury/repair 1 0

Unilateral loss of renal function 1 0
Incisional hernia 3 1
Perioperative CVA 2 0

Deep vein thrombosis 1 0
Pulmonary embolism 1 0
Infectious colitis 1 0

Mortality 0 0
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ing completeness of tumor resection. These two require-
ments cannot be met with long-acting adrenergic block-
ers. The concern that high intra-abdominal pressures
from pneumoperitoneum would render the control of
arterial pressure and heart rate more difficult has been
disproven, as the doses of adrenergic receptor blockers
needed for laparoscopic adrenalectomies do not differ
from those with the conventional open approaches
(Table 2).

In bilateral adrenal pheochromocytomas, open
transperitoneal resection can be accomplished through
an upper midline or bilateral subcostal incision. Extra-
adrenal abdominal pheochromocytomas should be
preferentially approached through open laparotomy.

Laparoscopic experience with bilateral simultaneous
adrenalectomy is limited but feasible. Extra-adrenal
tumors are often multiple and are potentially malignant
and laparoscopic resection should be avoided until the
risk of port-site implantation of tumor cells has been
disproven by prospective, randomized trials.

In the past 9 years we performed 35 laparoscopic
adrenalectomies using the lateral transperitoneal
approach with 3 conversions to open. In the same time
period 11 pheochromocytomas were resected by the
open method because of large tumor size, malignancy,
recent stroke, advanced pulmonary disease, and cardi-
omyopathy. These are relative contra-indications for
the laparoscopic method, with recent stroke and myo-

Figure 8 Algorithm for the diagnosis, localization, and treatment of pheochromocytoma.
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cardial infarction posing special risks because of the
increased intracranial pressure and reduction in cardiac
output as a result of pneumoperitoneum.

In synchronous bilateral adrenal tumors, frequently
seen in patients with familial disease, complete resection
of both adrenals is mandatory. Those who advocate
orthotopic preservation of adrenal tissue ignore the
genesis of tumors from diffuse or nodular medullary
hyperplasia. Subtotal resection leads to predictable
recurrence within 3 years. Heterotopic autotransplan-
tation of histologically proven pure adrenocortical tis-
sue is an option, even though autografting has achieved
limited success.

The debate over removal of the contralateral normal-
appearing adrenal in inherited pheochromocytoma will
likely continue. The arguments favoring prophylactic
resection are predictable high recurrence, morbidity of a
second operation, risk of rupture of hemangiomas dur-
ing hypertensive crises in VHL patients, risk of morbid-
ity or mortality with accidental trauma and lack of
compliance with follow-up. Although almost all pro-
phylactically resected adrenals displaymedullary hyper-
plasia, we and others advocate close surveillance and
metachronous surgery for clinical, biochemical, and
imaging evidence of recurrent disease.

All patients with sporadic pheochromocytoma
should have lifelong surveillance to detect recurrence
and possible association with inherited syndromes
Adults who present with sporadic pheochromocytoma
should be screened with serum calcitonin, calcium, and
parathyroid hormone to exclude MEN 2A and should
have ophthalmological examination to rule out the
diagnosis of VHL. Children and adolescents should un-
dergo the same screening, with the addition of genetic
testing. Patients with sporadic extra-adrenal tumors
should be investigated for multiplicity, malignancy,
and coexisting paragangliomas. Those with established
inherited neoplasia syndromes and their families should
undergo screening for the presence of and surveillance
for the development of pheochromocytoma using clini-
cal parameters and, if necessary, imaging. Patients diag-
nosed with pheochromocytoma as part of an inherited
syndrome should undergo lifelong testing for recurrence
and for development of the other components of the
neoplastic syndromes. Pheochromocytoma can be the
first manifestation in inherited cancer syndromes, and
simultaneous clinical expression of the neoplastic syn-
dromes is the exception rather than the rule.

Malignant pheochromocytoma is rare—about 10%
in this and other series. About one half of all malignant
tumors arise from extra-adrenal sites in the abdomen,
mediastinum, or neck. Unlike adrenocortical tumors,

size and angiolymphatic extension are not always pre-
dictive of malignant pheochromocytoma. Palliative
debulking with optimal antiadrenergic therapy offers
long survival.
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1 SURGICAL ANATOMY AND ACCESS TO

THE ADRENALS

The adrenal glands are small (4–5 g each, 4–6 cm long,
2–3 cm wide) and are hidden in the uppermost para-
spinal recess of the retroperitoneum at the level of the
11th and 12th ribs. The topographic relationship of the
adrenals to the kidneys, aorta, and inferior vena cava is
shown in Figure 1. The renal arteries are posterior and
slightly superior to the renal veins, and one third to one
half of the right adrenal gland is retrocaval. The glands
are covered anteriorly by Gerota’s fascia and are sur-
rounded by fibrofatty tissue. Lipochrome pigment con-
veys the golden yellow color to the cortex and the less
intense pale yellow color to the surrounding fat.

The arterial supply is comprised of 50–60 branches
from the inferior phrenic, aorta, and renal arteries,
forming a subcapsular plexus (Fig. 2). The main right
adrenal vein, about 1 cm long, enters the cava on the
posterior or posterolateral side at a distance of 6–7 cm
from the junction of the renal vein and cava, occasion-
ally joined by an accessory hepatic vein before entry.
The main left adrenal vein, about 2–3 cm long, joins the
inferior phrenic before entering the renal vein along its
superior wall, at a distance of about 10 cm from the
hilus (Fig. 3). Emissary veins connecting the central
vein with the pericapsular venous plexus and with renal
capsular veins provide alternate pathways for venous
outflow at times of stress and protection of the gland
from hemorrhage.

The adrenal glands are not easily accessible through
either the conventional open or endoscopic approaches.
The partially retrocaval and retrohepatic location of
the right, the para-aortic, retropancreatic, and juxta-
splenic position of the left, their small size, and the sur-
rounding periadrenal and perinephric fat render their
exposure difficult.

Three open approaches to the adrenals, the retroperi-
toneal lumbar, retroperitoneal posterior, and transperi-
toneal anterior, have dominated our practice. The
anterior transperitoneal access remains the optimal
approach to malignant and large adrenal tumors. These
lesions are highly vascular and are often surrounded by
pericapsular desmoplastic reaction, rendering the dis-
section bloody and difficult. Extra-adrenal pheochro-
mocytomas should be preferentially resected through
open laparotomy as their difficult anatomical location
along the aorta, often between the aorta and cava, and
the high propensity for malignancy demand precise
vascular and oncological dissection. Peri-adrenal tu-
mors are at times inseparable from the gland and have
to be resected en bloc.

2 RETROPERITONEAL LATERAL

APPROACH

2.1 Right Adrenalectomy

The patient arrives in the operating room with estab-
lished peripheral arterial, central venous, and, in selec-
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ted cases, pulmonary artery catheters. Anesthetic induc-
tion, endotracheal intubation, and insertion of urinary
catheter are performed in supine position. The patient is
then placed in a left lateral position with the brachial
plexus protected by an axillary roll and the right arm
suspended on an arm rest. The table is flexed to expose
the lumbar region (Fig. 4). Antibiotic prophylaxis
against Staphylococcus aureus is given within one hour
before the incision.

The transverse skin incision is placed along the
course of the eleventh rib and extends from the lateral
margin of the rectus sheath to the costal angle (Fig. 4).
Division of the external oblique and latissimus dorsi is
followed by cutting the internal oblique, transversus,
and the posterior inferior serratus muscles (Fig. 5). The
lumbodorsal fascia enveloping the quadratus lumbo-
rum may have to be divided to facilitate the exposure.
The lowest intercostal nerves should be preserved when-
ever possible.

Subperiosteal mobilization and transection of the
11th and, if needed, the 12th ribs should be close to
the costal angle (Fig. 6). Inadvertent entry into the
pleura is common and inconsequential if recognized
and closed with the lung inflated.

The peritoneum covering the liver, duodenum, and
right colon is separated from the para-renal fat (Fig. 7),
which is excised to expose the kidney (Fig. 8). Division
of Gerota’s fascia (Fig. 9) is followed by excision of the
perinephric adipose tissue to facilitate mobility and
retraction of the kidney.

The anatomical landmarks are the inferior vena cava
and renal vein. The mobilized kidney is retracted to
expose the adrenal gland. Dissection along the lateral
avascular margin is followed by separation of the
posterior surface of the gland from the upper pole of
the kidney. In the apical region, the inferior phrenic
vessels are isolated and divided between clips. The free-
ing of the lateral, posterior, and apical planes is a major
advantage as it permits gentle retraction of the adrenal
to expose the planes along the renal vessels and cava.
These are vascular planes demanding ligation and divi-

Figure 1 Anatomical relationship of the left and right adre-
nal glands to the kidneys, aorta, and inferior vena cava. Note
the partially retrocaval location of the right gland.

Figure 2 The blood supply to the adrenals is from numer-
ous branches of the aorta inferior phrenic and renal arteries,
forming a subcapsular plexus.

Figure 3 The venous drainage of the adrenals is through a
main vein and numerous emissary veins that protect the gland
from hemorrhage. Note the significant difference in length

between the right and left adrenal veins.
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sion of small renal and aortic arterial branches and
tributaries to the renal vein and cava before the short
main renal vein can be exposed (Fig. 10). During dis-
section along the renal vein, the posterior and slightly
superior renal artery and the difficult exposure of the
junction of the renal vein and cava may pose problems.
Retraction of the mobilized adrenal and cava exposes
the para-caval and retro-caval planes to permit easy
ligation and division of the main vein (Fig. 11).

In case of accidental tear of the main adrenal vein,
usually at its confluence with the cava, a Satinsky
vascular clamp can be used for partial occlusion of the
cava and suture ligation of the tear. Occasionally, there
are small hepatic venous tributaries to the cava, which
are not difficult to recognize and treat. The adequacy of
exposure of the inferior vena cava and the completeness
of hemostasis are shown in Figure 12.

2.2 Left Adrenalectomy

The approach to the left adrenal is a mirror image of
that to the right side in the initial steps.

The peritoneum covering the descending colon,
splenic flexure, pancreas, and spleen is separated from
the para-renal fat and kidney. The anatomical land-
marks are the renal vein inferiorly and the aorta medi-
ally (Figs. 3, 13).

The sequence of dissection should be similar to that
on the right side. The thick wall of the aorta makes the
dissection along the para-aortic plane easier than along
the inferior vena cava. The relatively long main adrenal
vein should be ligated and divided distal to the con-
fluence with the inferior phrenic vein (Figs. 3, 13).

Closure of the incision on either side is done, after
restoring the horizontal position, with running sutures
separately for the deep and superficial muscle layers.

3 OPEN ANTERIOR TRANSPERITONEAL

APPROACH

The anterior transperitoneal approach is familiar to
general and endocrine surgeons. The surgical exposure
of the adrenals differs from the extraperitoneal ap-

Figure 4 The transverse skin incision for the retroperitoneal lateral approach to the right adrenal is centered over the 11th rib

and extends from lateral edge of rectus sheath to costal angle.
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proaches, but the suprarenal dissection is similar. The
retropancreatic position of the left and the partially
retrocaval location of the right combined with prox-
imity to major vessels pose a greater challenge, espe-
cially with large tumors. Adrenal and extra-adrenal
tumors may grow near or around the renal vessels and
may be difficult to resect without disrupting renal blood
flow.

A midline incision allows access to both adrenals,
para-aortic, and pelvic regions, whereas subcostal inci-
sions are better suited for unilateral adrenalectomy.

3.1 Right Adrenalectomy

The exposure of the right adrenal requires mobilization
and retraction of the hepatic flexure of the colon and
duodenum to expose the inferior vena cava. In large
tumors the coronary ligament of the liver is divided to
facilitate its retraction. Once the kidney is exposed and
stripped of its para-renal and peri-nephric fat, retrac-
tion exposes the adrenal gland. The renal vein is ex-
posed and the inferior vena cava is medially retracted
to uncover the retrocaval portion of the gland. Sequen-
tial freeing of the lateral, posterior, and apical por-

Figure 5 Exposure of the 11th rib requires division of the
external oblique and latissimus dorsi, internal oblique, trans-
versus, and posterior inferior serratus muscles.

Figure 6 With the periosteum incised, the 11th rib can be elevated and transected close to the costal angle. Entry into the pleura

is common and is easily recognized and repaired. Care is taken to avoid injury to the lowest intercostals nerves.
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tions of the gland is followed by dissection along the
renal vein and cava. The main adrenal vein is ligated
and cut.

3.2 Left Adrenalectomy

Access to the left supra-renal space is accomplished by
entering the lesser sac through the gastrocolic omentum.
Separation of the transverse mesocolon from the distal
pancreas is followed by division of the lienocolic liga-
ment to free the splenic flexure of the colon.

Retraction of the distal pancreas and spleen exposes
the supra-renal space. The two landmarks, the renal
vein and aorta, are identified after stripping the peri-
nephric and para-renal adipose tissue.

The dissection around the adrenal is similar to the
right side, leading to the main adrenal vein, which is di-
vided between clips.

Draining is not required, and closure of the incision is
performed with standard techniques.

3.3 Bilateral Adrenalectomy

Resection of both adrenals can be performed simulta-
neously. Intravenous cortisol is given before removal of

the second adrenal and postoperative substitution with
stress doses of cortisol is necessary.

3.4 Heterotopic Autotransplantation of

Adrenocortical Tissue After Bilateral

Adrenalectomy for Pheochromocytoma

Cortex-sparing techniques, whether orthotopic preser-
vation or heterotopic autotransplantation, are applica-
ble to simultaneous and metachronous adrenalectomy
in patients with bilateral disease. The ratio of cortex to
medulla is about 10 :1, allowing easy harvesting of pure
cortical tissue for autotransplantation into a peripheral
muscle.

Subcapsular segments of cortex are harvested im-
mediately after removal of the gland and preserved in
numbered containers filled with iced saline. Slices im-
mediately below the preserved cortical sections are sent
for frozen section histology to verify absence of me-
dulla. Following histologically confirmed purity of cor-
tical tissue, the corresponding segments are minced into
1–2 mm fragments and implanted into pockets of the
abdominal rectus muscles. Adrenocorticotropic hor-
mone given twice weekly is used to stimulate cellular
growth, and the time interval until autografting be-
comes successful is 6–24 months.

Figure 7 The plane between the pararenal fat and peritoneum is developed using blunt techniques. The liver, being retracted
superiorly, can be seen through the thin veil of peritoneum.
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Figure 8 The pararenal fat is fully mobilized and excised, exposing the kidney. The kidney, still covered by Gerota’s fascia, is
being retracted.
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Figure 9 Gerota’s fascia is divided and perinephric fat is excised to further allow retraction of the kidney.

Figure 10 (A,B), Dissection continues in the avascular planes laterally and posteriorly prior to isolation and division of the

inferior phrenic vessels. Division of small renal and aortic arterial branches and of small renal and caval venous tributaries is
essential to safe dissection of the adrenal vein. The retrocaval location of the medial gland and the posterior or posterolateral
junction of the adrenal vein and cava make this the most challenging phase of the operation.
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Figure 11 With the gland retracted infero-laterally and the venous confluence identified, the adrenal vein can be ligated and

divided.
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Figure 12 With the tumor removed, the exposure of the vena cava is demonstrated, with clips visible on the inferior phrenic and
adrenal veins. Hemostasis is assured, and routine drainage is not indicated.

Figure 13 The pertinent landmarks in left adrenalectomy are the renal vein and aorta. Although the thick wall of the aorta and

the greater length of the adrenal vein allow for easier dissection on the left, the principles and techniques are unchanged.
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1 INTRODUCTION

Since its first description in 1992 (1), laparoscopic
adrenalectomy has proven to be the procedure of choice
for the surgical treatment of benign adrenal disease.
Multiple reports have consistently demonstrated the
benefits of this surgery, including decreased analgesic
requirements, less blood loss and shorter hospital stay
over the conventional approach (2–8). These results
were not surprising considering that the procedure
avoids an upper abdominal incision, does not require
any reconstruction, benefits from magnification and
clarity of view, is commonly performed for benign dis-
ease and mostly involves small, easily extractable speci-
mens. Proper application of minimally invasive surgery
to the adrenal gland must take into account expertise in
both endocrine and laparoscopic surgery. For success-
ful adrenalectomy, one must have knowledge of the
anatomy and disease process, maintain meticulous
hemostasis and delicately handle tissue.

The alternative open conventional adrenalectomy
invariably requires large incisions, and rib resections
with the posterior approaches, resulting in significant
postoperative morbidity including chronic pain syn-
dromes because of injury to intercostal and other
nerves (9). Although those conventional approaches
will undoubtedly be still required for certain adrenal
pathologies, laparoscopic adrenalectomy, eliminating

many of the problems of open surgery, has become the
gold standard for treatment of most adrenal diseases.

2 INDICATIONS

The indications for laparoscopic adrenalectomy are
basically the same as those for open adrenalectomy
(Table 1). Laparoscopic adrenalectomy has been
reported in several other conditions (10–12), but is not
currently considered standard. These include neuro-
blastoma and congenital adrenal hyperplasia in children
and isolated adrenal metastases.

General contraindications for laparoscopy include
uncorrectable/untreated coagulopathy and unaccept-
able cardiopulmonary risk, previous surgery or trauma
in the direct vicinity of the adrenal gland, diaphrag-
matic hernia, and surgeon’s inexperience (3). Obesity
and previous major intra-abdominal surgery are no
longer a contraindication for laparoscopic adrenalec-
tomy.

Currently, in experienced hands, the only specific
absolute contraindication is known large adrenocorti-
cal carcinoma with frank tumor invasion to adjacent
structures like vena cava, kidney, or diaphragm. In
these cases, an open procedure is preferred in order to
allow an en bloc resection and node dissection to be per-
formed.
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Although controversy exists over the maximum ac-
ceptable tumor size for laparoscopic adrenalectomy,
laparoscopy may not be advisable for adrenal tumors
larger than 12–14 cm because of the technical difficulties
associated with such surgery and the malignant poten-
tial of these large tumors.

3 OPERATIVE TECHNIQUE

Detailed knowledge of adrenal anatomy and its com-
mon variations is a prerequisite to laparoscopic adrenal
surgery. Several laparoscopic approaches to the adrenal
glands are demonstrated:

1. Transabdominal lateral (with the patient in the
lateral decubitus position)

2. Transabdominal anterior (with the patient in the
supine position)

3. Retroperitoneal endoscopic adrenalectomy (lat-
eral or posterior)

Although the retroperitoneal approach is advocated
by some, usually practicing urologists (14–17), the
technique of choice by most endocrine and general sur-
geons performing laparoscopic adrenalectomy is the
transabdominal lateral approach, originally described
by Gagner in 1992 (1,18). In this positioning, the force
of gravity helps retract the surrounding organs (includ-
ing the bowel), and effectively exposes either adrenal
gland for laparoscopic intervention. As a result, there is

reduced dissection and minimal retraction of the vena
cava and other adjacent structure.

The patient is positioned on the table tomaximize the
distance between the costal margin and the iliac crest.
This is achieved by adjusting the laparoscopic operating
table in the jackknife position, with the patient placed in
the lateral decubitus position with the operated side up.
Sufficient padding is placed over pressure points and the
patient is strapped and taped in position, avoiding es-
pecially a brachial plexus injury or iliac compression.
The sterilization of the skin should extend from the nip-
ple to anterior superior iliac spine, and from the midine
anteriorly to the spine posteriorly. This allows for con-
version to an open procedure should this be necessary.

3.1 Transabdominal Laparoscopic Left

Adrenalectomy

Patients are placed in the lateral decubitus position with
the left side up (Fig. 1). The surgeon and the assistant
stand on the side opposite the diseased gland, facing the
abdomen (Fig. 2). A flank cushion is positioned under
the patient’s right side and the table is flexed so that the
left side is hyperextended (Fig. 1). The left arm is
extended and suspended. The surgical area is prepared
as previously described. An open technique is used to
access the abdominal cavity in the left subcostal area at
the level of anterior axillary line, and carbon dioxide, up
to 15-mm of pressure, is insufflated. One 10-mm trocar
is then inserted in this site, and a 30-degree, 10 mm
laparoscope is introduced, through which the abdomi-
nal cavity is explored, for possible liver metastases,
adhesions or contiguous organ involvement/displace-
ment. If the inspection is satisfactory, two more 5 or 10
mm trocars are inserted under direct vision in the flank
depending on available instrumentation: one under the
11th rib and one slightlymore anterior andmedial to the
first trocar (Fig. 3).

Often a fourth trocar is needed for retraction and is
inserted at the costo-ertebral junction dorsally, since
most left adrenalectomies are now performed with three
trocars only in more than 80% of the time. All trocars
should be at least 5 cm and, and more optimally, 8–10
cm apart. The laparoscope is then inserted in the most
anterior trocar and the surgeon will work laterally with
a two-hand technique through the other two trocars.
Working with the laparoscopic scissors with cautery or
the ultrasonic scalpel, in the right hand, and a curved
dissector in the left hand, the splenic flexure (or lieno-
colic ligament) is mobilized medially (Fig. 4) to separate
the colon from the inferior pole of the adrenal and
expose the lineorenal ligament. Mobilization allows

Table 1 Indications for Laparoscopic Transabdominal
Lateral Decubitus Tehnique

I Functional adrenal cortical masses

(1) Cushing syndrome caused by benign cortisol-
producing adenoma

(2) Cushing’s disease after failed pituitary surgery, or
after failure to control or to find an ectopic-ACTH

producing tumor
(3) Aldosterone producing adenoma (Conn’s syn-

drome)

(4) Rare virilizing/feminizing tumors
II Functional medullary adrenal masses

(1) Benign adrenal pheochromocytoma

III Nonfunctional adrenal tumors
(1) Benign looking Incidentalomas (nonfunctioning

adenomas) confined to the adrenal glands and

meeting accepted criteria for adrenalectomy
(size>4cm at presentation or growth in follow up

(2) Benign symptomatic lesions
(3) Rare entities such as cyst and myelolipoma
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instruments to be inserted more easily and helps prevent
inadvertent trauma to the colon or spleen during instru-
ment insertion. Next, the lineorenal ligament is incised
inferosuperiorly approximately 1 cm from the spleen
(Figs. 5, 6). The dissection is carried up to the dia-
phragm and stopped when the short gastric vessels are
encountered posteriorly behind the stomach. This ma-
neuver allows the spleen to fall medially, thus exposing
the retroperitoneal space. The lateral edge and anterior
portion of the adrenal gland will become visible in the
perinephric fat superiorly and medially. If necessary, a
fourth 5-mm trocar is inserted dorsally at the costo-
vertebral angle to gently retract large-size spleens, and
open the space or to push the left kidney or the sur-
rounding fat downward to expose the inferior pole and
lateral edge of the adrenal gland better. This trocar
should always be inserted after the previous three be-
cause the splenorenal ligament must be divided first, so
that the trocar will pass over the lateral and superior
border of the kidney. This port, however, is usually not
necessary in patients with normal-size spleen. Laparo-
scopic ultrasound may be used as an adjunct to iden-
tify the adrenal gland, the mass within the gland and

the adrenal vein (3). The dissection of the adrenal gland
can be easy or difficult, depending on the type of pe-
rinephric fat. Two types mainly may be encountered:
(1) the soft, nonadherent, areolar fat which is easy to
dissect, and (2) dense, adherent fat that contains multi-
ple small veins originating from the retroperitoneum.
To avoid fracture of the adrenal capsule, it’s helpful to
leave a little periadrenal fat on the adrenal, so that this
tissue, rather than the adrenal itself, can be retracted.
Grasping the perinephric fat, dissection of the lateral
and anterior part of the adrenal gland is carried out.
Hook elecrocautery or ultrasonic scalpel are useful
instruments for this phase of dissection. Once the lateral
portion of the adrenal gland has been exposed, the
patient is moved to the Fowler position to permit fur-
ther downward migration of the bowel loops and the
spleen. Any saline irrigation, bleeding, or oozing will
flow downward away from the area of the dissection.
The dissection can be continued either inferiorly, so that
the left adrenal vein can be clipped early in the dis-
section, or start superiorly and go down medially to clip
the adrenal vein last. The dissection depends on the
exposure gained after the spleen has been mobilized, the
type of disease, and size of the adrenal mass. In large
adrenals (>5 cm), the left adrenal vein may be difficult
to visualize. In such cases, dissecting the lateral and
superior adrenal poles first will allow better mobiliza-
tion and make clipping the adrenal vein easier later
during the dissection (Fig. 7). In smaller adrenals (<5
cm), it is feasible, and easy, to dissect and clip the
adrenal vein. Most left adrenal veins are about 10 mm
in diameter and can be clipped with medium to large
titanium clips placed with clip applier. With a right-

Figure 3 Trocar sites for left laparoscopic adrenalectomy.

Figure 4 Dissection of splenic flexure.
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angle dissector, the adrenal vein is dissected from its
insertion into the left adrenal gland. It’s not necessary to
identify and dissect the origin of the vein from the left
renal vein. The adrenal vein is clipped about 1 cm from
the renal vein: two clips are placed proximally to the
gland and two are positioned distally. The vein is then
divided with laparoscopic straight scissors. At this
point, adrenal mobilization becomes easy because it is
grasped on the perinephric fat with the left-hand
grasper; the gland is then pushed upwards and laterally
to permit dissection of themedial and superior portions.
This dissection is accomplished with hook cautery or
ultrasonic scalpel. One should remember that the in-
ferior phrenic arterial branches often require ligation
as they approach the superior pole of the left adrenal
gland. Once the adrenal gland is free, hemostasis is
verified by repeated irrigation and aspiration. The gland
is then extracted in total after it has been placed in an
appropriately sized impermeable nylon bag. The bag is
removed through the most anterior trocar by spreading
the abdominal wall musculature using a Kelly clamp.
The incision may have to be enlarged to remove large

specimens (>4–5 cm) without rupturing the bag. Drain-
age is seldom necessary unless pancreatic injury is
suspected. All fascial incisions are closed with 2–0
absorbable sutures, and skin incisions are closed with
4–0 subcuticular absorbable sutures.

3.2 Transabdominal Laparoscopic Right

Adrenalectomy

Patients are positioned in the lateral decubitus position
with the right side up (Fig. 8). Pneumoperitoneum is
established in the same way as for left adrenalectomy.
An open technique is used to access the abdominal
cavity approximately 2 cm below and parallel to the
costal margin. A 10-mm trocar is inserted at this site for
the 30-degree angled laparoscope. Inspection of the
abdominal cavity is carried out. Under direct vision
three additional 10 mm trocars are inserted 2 cm and
parallel to the costal margin (Fig. 9). The second trocar
is positioned in the right flank, inferior and posterior to
the tip of the 11th rib just above the hepatic flexure of
the colon, which seldom needs to be mobilized. The
third trocar is then inserted in themost anterior position
of the subcostal area between the epigastrium and the
anterior axillary line. This most medial trocar should be
lateral to the edge of the ipsilateral rectus muscle.

The last trocar is introduced at the either at the tip of
the 12th rib or sometimes at the costovertebral sub-
costal angle after the peritoneal reflection of the lateral
edge of the right kidney has been dissected to avoid
injury to the right kidney. Four trocars are necessary
because the right lobe of the liver must be retracted to
expose the most medial aspect of the right adrenal
gland. It is, therefore, crucial that the liver retractor
be inserted under direct vision, through the most
anterior port, so that the right hepatic lobe can be lifted
and pushed anteriomedially (Fig. 10) . The laparoscope
is removed from the first trocar and inserted in the
second trocar, and the surgeon works with the two
most lateral trocars. The camera can also be positioned
dorsally, and the surgeon works with the two trocars in
the middle to obtain another view of the dissection
field. This is especially useful for dissecting the superior
aspect of the adrenal gland. The liver often must be
mobilized to obtain the best exposure of the junction
between the adrenal gland and the inferior vena cava.
The right lateral hepatic attachments and the triangular
ligament are (Fig. 10), therefore, dissected from the
diaphragm using laparoscopic scissors or ultrasonic
scalpel. This dissection will permit more effective
retraction to push the liver medially using a fan or
some other atraumatic retractor. This is the key for

Figure 7 Left adrenal vein clipped and divided.
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providing adequate exposure of the right adrenal vein
and its entry into the vena cava. We prefer to create a
right-angle plane between the anterior aspect of the
right kidney and lateral portion of the liver. This plane
will provide enough space to work and adequate expo-
sure in case of bleeding. Laparoscopic ultrasound may
be of assistance in identifying the anatomy. The right
gland is dissected next. If the mass is smaller than 4 cm
in diameter, gaining access to the right adrenal vein
initially is possible, which permits easier dissection of
the rest of the adrenal gland. The inferolateral edge is
then mobilized (Fig. 11), and dissection is continued
afterwards medially (Fig. 12) and upward (Fig. 13),
along the lateral edge of the vena cava (Figs. 14, 15).
The adrenal vein should be visualized at this stage. This
vein is often short and sometimes broad (Figs. 17, 18).
Usually the vein can be clipped with medium to large
titanium clips, and at least two should be applied at the
vena cava side. If there is not enough space for clips,
then a vascular cartridge of 30 or 35 mm laparoscopic
stapler is used for secure division of the right adrenal
vein (Figs. 19, 20). Smaller veins may be encountered
superiorly; these should be clipped or cauterized to pre-
vent bleeding (Figs. 21, 22). The superior pole of the
gland is dissected next, and small branches from the in-
ferior phrenic vessels can be clipped or cauterized with
hook cautery or ultrasonic scalpel. Again, a fowler posi-
tion permits all fluids to migrate downward. The lateral
border of the gland is then dissected from the perineph-
ric fat using the same instruments (Fig. 16). Meticulous
dissection close to the gland will prevent tearing of the
lateral branches of the vena cava and other vessels from
the retroperitoneum. If a large mass is encountered, we
prefer to dissect laterally and superiorly first and then
move down along the vena cava to reach the adrenal
vein. Once the mass has been dissected free, it is placed
in impermeable nylon bag (Figs. 23, 24) and removed
through the most anterior trocar site. All wounds are
closed as described for the left side. The fascia of the
fourth (dorsal) trocar site is not closed because of the
depth of this wound.

3.3 Transabdominal Anterior Laparoscopic

Adrenalectomy

This approach can be a lengthy procedure due to the
difficult dissection of the left colic flexure, spleen and
the pancreatic tail on the left side, and the duodenum on
the right. In addition, on the right side, the adrenal vein,
found posterior to the vena cava, is very difficult to
dissect and control. Although in bilateral adrenalec-
tomy it is not necessary to change the position of the

patient the average operating time is similar to lateral
transabdomonal approach. Nevertheless, because of its
drawbacks the majority of the teams have abandoned
this approach.

3.4 Bilateral Laparoscopic Adrenalectomy

The indications for bilateral laparoscopic adrenalec-
tomy include the following (19): (1) Cushing’s disease
refractory to trans-sphenoidal pituitary resection and/
or irradiation; (2) cushing’s syndrome due to ACTH-
independent macronodular or micronodular adrenal
hyperplasia; (3) ectopic ACTH syndrome when the
primary tumor cannot be resected or medical treatment
has failed; (4) Conn’s syndrome caused by bilateral
adrenal adenomas; and (5) bilateral pheochromocy-
toma. Other less prevalent relative and possible indi-
cations include: (a) unilateral pheochromocytoma in
MEN-IIA, due to the fact that in 50% of cases a me-
tachronous lesion will develop in the contralateral side
within 10 years of resection of the affected side (20); (b)
idiopathic hyperaldosteronism (IHA) caused by bilat-
eral symmetric adrenal hyperplasia refractory to medi-
cal treatment; and (c) congenital bilateral adrenal
hyperplasia (CAH) which is difficult to manage medi-
cally (19).

There are several possible surgical approaches for
bilateral laparoscopic adrenalectomy.

3.4.1 Transabdominal Lateral Approach

Is the preferred approach in our opinion. The patient is
placed in the lateral decubitus position; usually the left
side is performed first because it is easier. After all trocar
sites are closed, the patient is repositioned and redraped,
to expose the right side. A 15– to 20–minute turnover
time is necessary, not significantly adding to the oper-
ative length (2). Nevertheless, we prefer this bilateral
approach, because gravity aids the dissection when the
patient is in the lateral decubitus position, it offers a
wide operative field and better control of blood vessels.
Furthermore, it may be safer than the retroperitoneal
approach for the right adrenal where a better control of
a possible major vascular injury (i.e., vena cava) is
needed. We have successfully performed bilateral lapa-
roscopic adrenalectomy within a reasonable amount of
time using a bilateral lateral technique (3). Utilizing this
approach, Chapuis et al. (21), with the largest published
series on bilateral laparoscopic adrenalectomy in 24
patients with Cushing’s syndrome, reported no major
postoperative complications. The operative time have
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ranged from 243 to 386 minutes for the reported bilat-
eral procedures using this approach.

3.4.2 Retroperitoneal Approach

This can be accomplished using the lateral or the
posterior methods described earlier. It’s worth to men-
tion, that the few series with data on bilateral laparo-
scopic lateral and posterior retroperitoneal approaches
have not shown greater elevations of carbon dioxide
than with the lateral transabdominal approach (22–24).

3.4.3 Anterior Approach

Despite its theoretical advantage in bilateral adrenalec-
tomy, the drawbacks explained above regarding diffi-
culty in exposure and dissection, has led the majority of
surgeons to abandon this approach.

No randomized prospective studies have been con-
ducted to compare laparoscopic bilateral adrenalec-
tomy with open bilateral surgery. Even though, the
available literature on bilateral laparoscopic adrenalec-
tomy is encouraging with low morbidity and mortality
rates (1,3,21,22,25,26). In the setting of Cushing’s syn-
drome, the morbidity and mortality rates of the laparo-
scopic approach, are noticeably lower than for open
surgery (1,3,21,22). The typical operative length for
bilateral laparoscopic adrenalectomy, including all
approaches) is approximately 300 minutes (19). There
have been some reports of operative times longer than
300 minutes, with cases of hypercarbia requiring hyper-
ventilation, but without significant sequelae (22,24).
Fernandez-Cruz et al. (27,28) have recommended he-
lium pneumoperitoneum for the bilateral laparoscopic
procedure in order to prevent carbon dioxide retention
and acidosis. The use of heliummay be recommended in
patients with pheochromocytoma with previous cardio-
vascular or respiratory disorders (28).

3.5 Laparoscopic Partial Adrenalectomy

Possible indications for adrenal-sparing surgery include
bilateral pheochromocytoma and well-circumscribed
bilateral cortisol or aldosterone-producing adenomas.
The purpose is to avoid lifelong cortisol replacement
therapy (29). The operative technique involves basically
the same initial steps as for total adrenalectomy. After
exposing the adrenal glands, dissection is first per-
formed at the inferior borders and then carried upwards
along the lateral aspect using hook cautery or ultrasonic
scalpel and a gentle grasping forceps. One has to
preserve as much blood supply as possible. An ultra-
sound of the gland is then performed using a flexible 7.5

MHz, 10 mm diameter probe, which demonstrates the
location of the adrenal vein and arterial supply and
confirms the location and borders of the adrenal lesion.
It also should be possible to exclude the presence of
other nodules or hyperplasia in the adrenal remnant. At
this stage, the adrenal lesion can be easily dissected free
and elevated. While concomitantly displaying the mar-
gins of the tumor with the ultrasound, the harmonic
shears are used to bloodlessly transect the adrenal gland
away from the lesion. The excised specimen is then
placed in a bag, retrieved and sent for immediate
histopathologic examination to confirm histology and
assess the margins. At least 5-mm rim of normal adrenal
tissue is preferred.

3.6 Needlescopic Adrenalectomy

Initially described for dignostic purposes or cholecys-
tectomy, the availability of 2 mm instrumentation and
camera technology has triggered the emergence of nee-
dlescopic surgery. The rationale behind this technique
is to further minimize the abdominal wall trauma, and
hence, speeding the convalescence and improving cos-
mesis. The positioning of the patient and number of
trocars are similar to the traditional laparoscopic adre-
nalectomy. A 10–12 mm trocar is inserted in the supe-
rior aspect of the umbilicus to accommodate the 10 mm
angled scope under which, most of the procedure is
conducted. It also enables the use of bigger instruments
should they be required (e.g., vascular endostapler) and
the retrieval of the specimen. During these steps, the
procedure is monitored through the 2 mm needlescope.
On the left side, additional two trocars of 2 mm and
5 mm are used, and on the right side, a fourth 2 mm,
trocar is utilized for liver retraction. Placement of the
2-mm ports doesn’t require skin incisions. These ports
can be readily inserted through needle-like puncture.
Thus, at the end of the procedure, these miniature punc-
ture sites require no skin closure, except for Steristrips.
The 5 mm port is used by the surgeon’s dominant hand
in order to accommodate larger instruments such as
scissors, electrocautery, suction-irrigation devices and
clip-appliers. Dissection is carried out using 2 mm
graspers, scissors, and hook electrocautery and vascular
control is achieved with elctrocautery (uni-or bipolar)
and 5 mm clip-applier.

4 POSTOPERATIVE CARE

Oral fluids are started on the day of surgery and Oral
analgesics are provided to help patients tolerate the
postoperative pain. However, during the first 12 hours,
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some patients require parenteral analgesia. The post-
operative course is similar to that for laparoscopic cho-
lecystectomy, except that some endocrine disorders will
necessitate hormonal support and additional clinical
laboratory data. It should be noticed that unexplained
hypotension, fever and confusion may be due to acute
adrenocortical insufficiency. These patients should have
blood drawn for determination of plasma cortisol levels
and be immediately treated with 100 mg of hydrocorti-
sone intravenously.Most patients will be ambulatory by
the evening of the procedure and the majority will be
allowed to leave by the third postoperative day. How-
ever, discharge may be delayed in patients who require
substantial hormonal support or adjustments of anti-
hypertensive medications.

5 RESULTS

Since 1992, laparoscopic adrenalectomy has gained a
worldwide popularity and in a search of the Medline,
we were able to retrieve more than 500 articles dealing
with laparoscopic adrenalectomy. Table 2 summarizes
the reported results of selected large series of laparo-
scopic adrenalectomies performed with different lapa-
roscopic techniques. Although no prospective random-
ized series exist, numerous studies have compared
laparoscopicwithopenadrenalectomy (either retrospec-
tively or non-randomised prospectively), documenting
the safety, decreased analgesic postoperative require-
ments, enhanced recovery, shorter hospital stay and
cost-effectiveness of the laparoscopic approach (4–

8,24,30–39).Nodifferences in patient’s population, indi-
cations for surgery or mean size of lesions were noticed.
Our own experience, presented herein, with 100 proce-
dures in 88 patients (3), further supports the superiority
of this procedure.

Table 3 lists the indications and pathology for our
procedures. The overall mean age was 46 years (range
17–84 years), and the ratio of female to male was
slightly>2:1. Fifty-two of the adrenalectomies were
performed in the left and 10 were performed bilaterally.
The mean operating time was 132 minutes (range 80–
360 minutes). In our initial experience, a right sided
procedure required an average of 138minutes compared
to 102 minutes for a left-sided procedure. However,
review of the last 30 cases showed the time required for
either sides is essentially equal. The time required for
bilateral adrenalectomy averaged approximately 45
minutes longer than the combined averages for the
unilateral procedure alone. The indications for bilateral
adrenalectomy are listed in Table 4. The average length
of stay was 2.4 days (range 1–6 days), and the average
size of the lesions was 4.95 cm (range 0.7–12 cm). The
estimated intraoperative blood loss was approximately
70 ml and the mean number of postoperative narcotic
injections was 5.5.

Conversion to open surgery was necessary in three
patients (3%). These conversions occurred in our first
attempt to laparoscopic adrenalectomy in a patient with
15 cm right adrenal angiomyelolipoma, in a second
patient with a locally invasive retroperitoneal sarcoma,
and in a third patient with adrenal adenocarcinoma
invading the inferior vena cava.

Table 2 Summary of Outcome of Selected Series with Laparoscopic Adrenalectomy

Study

No. of

procedures

Operative time

(min.)a
Blood

loss (ml)

Conversion

rate (%)

Complication

rate (%)

Length of

stay (days)

Mortality

(%)

Gagner (3), 1997 100 123 70 3 12 2.4 0
Gill (76), 1999 110 188 125 NRb 16 1.9 0
Guazzoni (81), 2000 161 160 NR 2.5 5.1 2.8 0

Salomon (80), 2001 115 118 77 0.8 15.5 4 0
Terachi (96), 1997 100 240 77 3 12 NR 0
Manchini (97), 1999 172 132 NR 7 8.7 5.8 1.2

Thompson (6), 1997 50 167 NR 4.5 6 3.1 0
Suzuki (16), 2001 118 166 92 5 12.7 4.6 0
Lezoche (17), 2002 216 100 NR 1.9 2.3 3 0.05
Bonjer (78), 2000 111 114 65 4.5 11 2 0.9

Henry (41), 2000 169 129 NR 5 7.5 5.4 0
Brunt (52), 2001 72 176 107 2.8 19 3 0
Kebebew (98), 2001 176 168 NR 0 5.1 1.7 0

Micoli (99), 2002 137 111 NR 4.3 3.9 3.8 0

a Of unilateral procedures.
b NR, not recorded.
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More than half of our patients population (55%) had
had previous abdominal surgery. We have not viewed
this as a contraindication for laparoscopic approach,
and no conversions occurred because of adhesions. We
actually have performed one procedure 6 weeks after a
laparotomy failed to find the adenoma. In addition, 20
of the 88 patients underwent other associated laparo-
scopic procedures at the time of their adrenalectomy.
These are listed in Table 5.

Of the 100 procedures, 12% had postoperative com-
plications, which are listed in Table 6. Re-operation
within 30 days of surgery was required in two occasions
(2%) for evacuation of a retroperitoneal hematoma in a
patient who had been anticoagulated for mitral vave
prosthesis and for postoperative acute cholecystitis in
the second case. These procedures were accomplished
laparoscopically with uneventful recovery thereafter.
There have been no wound complications. There was
no mortality.

Injury to structures in the area of dissection are
possible (transabdominally or retroperitoneally), adja-
cent to the adrenals including the kidney, colon, tail of

the pancreas, and the stomach on the left side. On the
right side, the liver and the duodenum are at risk.
Because both adrenals are located in close proximity
to major blood vessels (the hilum of kidneys and the
vena cava), massive bleeding is a potentially disastrous
complication.

Furthermore, dissection high in the abdomen could
result in diaphragmatic injury, leading to potential
tension pneumothorax. A multi-institutional study by
Terachi et al. from Japan, has evaluated 370 patients
who underwent laparoscopic adrenalectomy (40). There
was nomortality. Overall complications developed in 57
patients (15%), including introperative in 33 patients
(9%), and postoperative in 24 patients (6%). Conver-
sion to open surgery was necessary in 13 cases (3.5%).
The 33 intraoperative complications involved vascular
injury in 22 patients (5.9%), and visceral injury in 11 pa-
tients (3%). The 22 vascular injuries involved the vena
cava in two patients, renal vein in two patients, adrenal
vein in four patients, other adrenal vessels in 11 patients
and other vessels in three additional patients. The 11 vis-
ceral injuries included the liver in four patients, spleen

Table 3 Indications for 100 Laparoscopic
Adrenal Procedures

Indication N

Pheochromocytoma 25
Conn’s syndrome 21
Nonfunctional adenoma 20

Cushing’s adenoma 13
Cushing’s disease 8
Carcinoma 3
Angiomyelolipoma 2

Paraneoplastic hypercortisolism 2
Macronodular hyperplasia 2
Androgen—producing adenoma 2

Others 2

Table 5 Additional Laparoscopic Procedures
Performed During Adrenalectomy in 88 Patients

Procedure Patients (n)

Liver biopsy 8
Cholecystectomy 6
Peri-aortic node dissection 2

Ventral hernia repair 1
CBD exploration 1
Colorectal re-anastomosis 1
Left ovarian cystectomy 1

CBD= common bile duct.

Table 6 Complications Occurring in 100

Laparoscopic Adrenalectomy/Biopsies

Type of complication N

Postoperative
Deep venous thrombosis 3

Hematomas 2
Anemia 2
Subdural hematoma 1
Urinary tract infection 1

Colonic pseudo–obstruction 1
Pulmonary edema 1
Acute cholecystitis 1

Table 4 Indications for Bilateral Laparoscopic
Adrenalectomy in 88 Patients Undergoing Adrenalectomy

Indication Patients (n)

Malignant pheochromocytoma 3

Benign pheochromocytoma 2
Cushing’s disease 3
Bilateral adenoma 1

Bilateral macronodular hyperplasia 1

Assalia and Gagner468



in three, pancreas in two, gallbladder in one and the
adrenal gland in one patient. The 24 postoperative
complications involved bleeding in six patients, wound
infection in four, atelectasis in three, ileus in two, pneu-
mothorax in one, and other in eight. Most complica-
tions were minor and treated laparoscopically. Henry et
al. reported the complications of laparoscopic adrena-
lectomy in 169 consecutive procedures (41). There was
no mortality. Twelve patients (7.5%) had significant
complications: three peritoneal hematomas requiring
(in 2 cases) laparotomy, and (in one case) transfusion;
one parietal hematoma; three intraoperative bleeding
episodes without need for transfusion; one partial in-
farction of the spleen; one pneumothorax; one tumor
extrraction and two venous throm-boses. Another large
multi-institutional study from France (42) reported a
similar complication rate of 7.7% occurring in ten pa-
tients out of 130 cases of laparoscopic adrenalectomy.
Interestingly, neither this study, nor others (40,43–45),
have found significant differences between transperito-
neal and retroperitoneal approaches, except for the risk
of the intraperitoneal visceral injury.

Interestingly, 25% of the pathologies in our series
were pheochromocytomas. These tumors were larger
than in patients with other diseases: 6.3 cm versus 3.9 cm
(p <0.05). In addition, operative time was longer: 2.5
hours versus 1.8 hours (p<0.05). During the removal of
these tumors, hypertension occurred in 56% of patients
and, hypotension in 52%.Moreover, almost 60% (7/12)
of our postoperative complications were observed in
this subset. Associated multiple endocrine neoplasia
(MEN–IIA) syndrome was identified in six patients,
and MEN–IIB in two patients. Several studies have
addressed the issue of hemodynamic changes during
laparoscopic adrenalectomy for pheochromocytoma
compared to open surgery (46–48). The laparoscopic
approach has resulted in less (48) or comparable (46,47)
hemodynamic changes compared to the traditional
open surgery, although patients who underwent lapa-
roscopy had a more rapid postoperative recovery. The
retroperitoneal approach seems to offer no advantage
over the intraperitoneal approach (49), and carbon
dioxide pneumoperitoneum is well tolerated in this
subset of patients (47). In a literature review of large
series on more than 300 laparoscopic adrenalectomies
exclusively for pheochromocytoma, no mortality has
been reported to date (28,48,50–61). These cases
included familial multiple endocrine hyperplasia syn-
dromes, bilateral pheochromocytoma and extra-adre-
nal pheochromocytoma. Both transperitoneal and
extraperitoneal approaches were used. Although ear-
lier experience was associated with more blood loss,

longer operative time and higher complication rate
compared to other pathologies (50,51), the more recent
large series, demonstrated no significant difference. The
occurrence of hypertension postoperatively is rare and
in fact, cure of hypertension was achieved in almost all
patients.

With regard to the functional outcome in other
hormonally active tumors, during our follow-up period
(range 1–44months), patients appear to have responded
well to laparoscopic adrenalectomy. Two have been
found to have renovascular hypertension and none have
had hormonal recurrence. The renal arteriograms
showed no stenosis and, in addition, excluded the
possibility of superior arteriolar renal occlusions by
metal clips. One patient operated upon for Cushing’s
disease who had a partial response to adrenocortico-
tropic hormone stimulation, however, was still having
serum cortisone levels below the normal range by the
end of the follow-up period. Other authors (52,62–65)
have uniformly reported excellent results comparable
with those of open surgery. The Mayo clinic group
reported bilateral laparoscopic adrenalectomy in 19
patients with ACTH–dependent Cushing’s syndrome
in whom the ACTH-secreting neoplasm couldn’t be
removed (62). All patients experienced resolution of
the signs and symptoms of Cushing’s syndrome as well
as weight loss, improved glucose tolerance and im-
proved control of blood pressure. No residual cortisol
secretion was detected. Similar success rates were re-
ported by others in more than 100 cases with Cush-
ing’s disease and syndrome (21,22,25). Rossi et al. (63)
reported the effectiveness of laparoscopic adrenalec-
tomy in 30 pateints with primary hyperaldosteronism.
Twenty-nine of 30 (95%) patients were rendered nor-
mokalemic and persisting hypertension was present in
10 of 30 (33%) patients. In these patients, the hyper-
tension was easily controlled medically. Duration of the
hypertension before surgery was a significant risk factor
for persistent hypertension. Several other articles spe-
cifically focusing on laparoscopic adrenalectomy for
aldosteronoma revealed that hypertension was cured
or significantly improved in greater than 90% of
patients (64,66,67). A recent study by Brunt et al. (52),
involving 72 patients with hormonally active adrenal
tumors, laparoscopic adrenalectomy resulted in an
excellent clinical outcome. Resolution of clinical and
biochemical signs was accomplished in 34 of 34 patients
with pheochromocytoma, 25 of 26 patients with aldos-
teronomas, five of five patients with cortisol-producing
adenomas and three of three patients with adrenocorti-
citropic hormone–dependent cushing’s syndrome. Two
patients with MEN-2 had contralateral pheochromocy-
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tomas removed four and five years after the initial
surgery. Surprisingly, persistent hypertension necessi-
tating medications was present in 72% of patients with
aldosteronomas, although 92% of these patients had
significantly improved blood pressure control after
surgery. Recurrent hypokalemia developed in one
patient (4%) with a cortical nodule in the contralateral
adrenal. The authors concluded that the clinical and
biochemical cure rates are comparable with those of
open adrenalectomy during long term follow-up.

6 MALIGNANCY CONTROVERSY

During aparoscopic adrenalectomy, we have encoun-
tered in eight of patients who were treated for malig-
nant diseases, six primaries (three pheochromocytomas
and three nonfunctioning tumors that showed micro-
scopic features of carcinoma), and two secondaries, had
no evidence of local recurrence during our time period
of the follow-up (1–44 months). Laparoscopic adrenal-
ectomy for solitary adrenal metastasis or cancer has
also been investigated at few centers, and to date, very
few references are available in the literature. The expe-
rience from the Cleveland Clinic in 11 patients was
reported by Heniford et al. (68). All of the tumors
except one were due to metastatic cancer. The meta-
static sources included renal cell cancer, lung cancer,
colon cancer, and melanoma. The mean size of the
tumors was 5.9 cm (range 1.9–12). One patient required
conversion to open surgery due to local invasion of the
tumor into the vena cava. At a mean follow-up of 8.3
months, there have been no port site or or local recur-
rences. One patient has developed a new hepatic nod-
ule, 10 of the 11 patients were alive by the time of the
report and one has died of extensive brain metastasis
from melanoma. Valeri et al. (12), addressing the same
issue in a series of eight neoplastic patients with adrenal
masses, showed a three-year survival rate of 63% (an
adenoma was proved in two cases). Two other reports
on laparoscopic adrenalectomy for large (>6 cm) and
potentially malignant tumors were recently published
and documented favorable outcome (69,70). In the
study by Henry et al. (69), out of six patients with adre-
nocortical carcinoma, only one patient developed liver
metastasis six months after surgery and died. The five
other patients were disease free with a follow-up rang-
ing from 8 to 83 months. The largest series with the
longest follow-up to date, was recently published by
Kebebew et al. (71). It included 23 patients who had a
laparoscopic approach for suspected and unsuspected
malignant adrenal tumors. Six of the patients showed

primary adrenal cancers, 13 adrenal metastasis, two
lymphomas, and two cases with no evidence of cancer.
The tumor resection margin was negative on all adre-
nalectomies. There were three locoregional recurrences
in the six patients with primary adrenal cancer, no port
recurrences, and 4 distant recurrences in 13 patients
with metastatic adrenal tumors. The disease-free sur-
vival was 65% at a mean follow-up time of 3.3 years
(range, 1–7 years). Interestingly, these results were com-
parable with the known results for conventional sur-
gery (72). It is worth mentioning that in all of these
studies no major complications occurred, conversions
were required only in patients with intraoperative
evidence of tumor invasion, the laparoscopic removal
achieved free resection margins in all patients and no
port site metastasis were reported.

7 ROLE OF LAPAROSCOPIC

ULTRASONOGRAPHY

Laparoscopic ultrasonography has been used in 15
selected cases. It showed the location of the adrenal
gland after an open surgery failed to find the organ; the
presence of a 0.7 cm aldosteronoma, whichwas disputed
before surgery; that no adenoma was present in two
cases, necessitating only biopsy and closure rather than
adrenalectomy; no vascular, extra-adrenal or lymph
node involvement in two large lesions (10 and 12 cm),
which then were removed laparoscopically and found to
be benign; vascular invasion in one patient with adrenal
adenocarcinoma leading to conversion to open success-
ful removal; the invasion of the periadrenal fat by one
metastatic cancer that then was removed with negative
margins; the right adrenal vein, which facilitated dis-
section and control in two operations; and bilateral
hyperplasia requiring bilateral adrenalectomy. Other
groups have reported similar results with the use of lap-
aroscopic ultrasonography in adrenalectomy (73,74).
Brunt et al. (74) have utilized this modality during lapa-
roscopic adrenalectomy in 27 patients. They concluded
that laparoscopic ultrasound provided useful informa-
tion to the surgeon in 11 of 28 procedures (39%) by (a)
localizing the adrenal gland and tumor and /or guiding
the dissection, (b) demonstrating that tumors> 4cm
were confined to the gland, and (c) investigating sus-
pected pathology in other organs. Mean time for ultra-
sound was 10.9 minutes and calculated hospital charges
were $602. There were no intraoperative complica-
tions. Siperstein et al. (75) found that it was of extreme
value in identification of small tumors in obese patients
operated on with the posterior technique. Especially
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in patients with nodular hyperplasia, laparoscopic ul-
trasound enabled the complete excision of all lesions by
demonstrating the absence or presence of residual tu-
mor tissue in the adrenal bed after resection (75). Thus,
the information obtained from ultrasonography in
many instances can affect the progression of the oper-
ation. It involves a simple technique, which can be easily
mastered.

8 DISCUSSION

More than a decade after the advent of laparoscopic
adrenalectomy, the worldwide accumulated experience
indicates that the procedure is safe, successful, and in
fact is now considered a well established and the pre-
ferred treatment modality for the majority of endocrine
and neoplastic disorders affecting the adrenal gland.

The results of laparoscopic adrenalectomy must be
compared to those of conventional open surgery. To the
best of our knowledge, there are no prospective ran-
domized studies comparing open with laparoscopic ad-
renalectomy and the excellent results reported in the
available retrospective comparative reports, make such
a study unnecessary, and possibly non-ethical. In our
own retrospective comparative analysis (3), we have
found no difference in operating time or adrenal dimen-
sions. The estimated blood loss was 70 ml for the
laparoscopic adrenalectomy versus approximately 200
ml for the open procedure. The mean hospital stay for
the conventional surgery was nine days versus less than
three days in the laparoscopic group. The analgesia
requirements and the mean time for ambulation were
also significantly lower in the laparoscopic group. Other
studies have reported similar outcomes (4–8,24,30–39).
The Cleveland Clinic retrospective comparison of 110
laparoscopic adrenalectomies and 100 open cases shows
the superior results of the minimally invasive approach
(76). Open adrenalectomy was performed by various
standard approaches. The laparoscopic group was
superior in regard to mean surgical time, mean blood
loss, mean narcotic analgesic requirements, mean inten-
sive care unit admissions, mean resumption of oral fluid
intake and mean hospital stay. While intraoperative
complication rate was similar, there were fewer post-
operative complications in the laparoscopic group. Of
special interest, is the study by Thompson et al. from the
Mayo Clinic (6) who compared laparoscopic transab-
dominal laparoscopic approach in 50 patients and open
posterior approach in 50 well-matched patients. In
addition to the known reported advantages of laparo-
scopy, late incisional neuromuscular complications de-

veloped in 54% of the open group, including oblique
muscles in 30%, the chronic pain syndrome in 14% and
flank numbness in 10%. A recent meta-analysis of the
english literature by Brunt (77), has compared the
complications of laparoscopic with open adrenalec-
tomy. Complications were tabulated from 50 studies
of laparoscopic adrenalectomy involving 1522 patients
and 48 studies of open adrenalectomy comprising 2273
patients. Among the reports, 22 compared laparoscopic
and open adrenalectomy within a single institution. It
was concluded that laparoscopic adrenalectomy has
resulted in fewer adrenalectomy-related complications
than seen historically with open adrenalectomy. Fewer
wound and pulmonary complications and the reduced
occurrence of incidental splenectomy are primarily
responsible for this improved outcome. Finally, another
variable of concern, addressed by several authors, is the
cost of the procedure compared to the conventional
surgery (5,6,8,31,38). Although Thompson and co-
workers (6) have demonstrated higher costs with the
laparoscopic procedure, most other reports, in fact,
found no significant difference in overall cost between
the two approaches. However, it should be noted, that
the impact of earlier return to work in patients under-
going the laparoscopic procedure, has not been assessed
yet, and future data will, most probably, show lower
costs when this is taken into consideration.

As described earlier, the technique of choice by most
surgeons performing laparoscopic adrenalectomy is the
transabdominal lateral approach. Several authors have
successfully documented the feasibility, safety and effec-
tiveness of endoscopic adrenalectomy via the retroperi-
toneal approach in tumors less than 5–6 cm (14,15,
17,78,79). Since no peritoneum violation or bowel
mobilization is required with this approach, it was
postulated that this method would be less invasive
and, consequently, be associated with better results, es-
pecially in small lesions and in obese patients (17,24).
Siperstein et al. (15) in a series of 31 patients, concluded
that although more demanding, the retroperitoneal ap-
proach should be considered in patients with tumors
less than 6 cm, bilateral tumors, or extensive previous
abdominal surgery. In another large series from the
Netherlands, the procedure was described in 111 con-
secutive cases and showed comparable results with the
transabdominal approach (78). These authors recom-
mended the procedure for benign adrenal tumors less
than 6 cm. Nevertheless, case history analysis has
revealed no apparent difference in patient outcome,
morbidity or operative time for the two approaches to
the adrenal gland (14,15,44,45,80). Moreover, in our
experience and the experience of others (81), no bowel
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injury or complications developed when using the
transperitoneal approach. Comparison between the
two techniques, has in fact, indicated no real difference
for small masses, although for lesions more than 5–6
cm, the transabdominal route is considered preferable
(16). Disadvantages of the retroperitoneal approach
include a lack of anatomic landmarks and a restricted
working space. This combination of technical difficul-
ties renders the retroperitoneal approach unsuitable for
tumors larger than 6 cm. On the other hand, a major
advantage of the transperitoneal approach is that the
abdominal cavity, and particularly the liver, can be
explored. In patients with pheochromocytoma, the liver
can be examined by inspection and ultrasound, and
suspicious lesions may be biopsied. Moreover, in our
personal experience with the retroperitoneal approach,
the exposure was inferior to that which an experienced
surgeon can readily obtain via the transperitoneal
approach to the adrenal gland.

The available data, suggests that there are very few
absolute contraindications for laparoscopic adrenalec-
tomy. At the present time, we consider invasive adrenal
carcinoma to be the only absolute contraindication for
the laparoscopic approach, due to the possible extent
and complexity of the operation required. An open
technique also may be more desirable for patients with
malignant pheochromocytoma when metastatic nodes
are present in the peri-aortic chain or close to the
bladder. Several authors differentiate between the bio-
logic behavior of adrenal metastasis and primary adre-
nal cancer as to their suitability for the laparoscopic
procedure (51,71). Because solitary adrenal metastasis
from an extra-adrenal primary is usually small and
confined within the adrenal, the laparoscopic approach
has considerable appeal for this specific indication (51).
Conversely, adrenal cancer is usually larger and often
locally invasive. An important limitation in this regard
is that adrenal imaging and even, fine needle aspira-
tion, are often inaccurate enough to diagnose or exclude
adrenal malignancy (71). Given that no reliable and
accurate preoperative diagnostic test to diagnose adre-
nal malignancy exists, it is difficult to determine when an
open approach should be used. An initial laparoscopic
approach can be used to establish the diagnosis with low
morbidity and allows curative resection in most in-
stances (71). Laparoscopic ultrasound is a simple and
effective intraoperative technical adjunct that may be
used to evaluate the nature and invasiveness of the
suspected adrenal mass. Obviously, in patients who
prove to have local invasion during surgery, the laparo-
scopic approach should be converted to open procedure
in order to allow curative wide radical resection. Inter-

estingly, the limited experience to date, with laparo-
scopic adrenalectomy inmalignant disease is promising,
with short term results comparable with those of con-
ventional surgery (69,71). Thus, it appears that a lapa-
roscopic approach is reasonable for metastatic adrenal
disease, provided the primary cancer is controlled and
there is no evidence of extra-adrenal disease. Similarly,
for primary neoplasms, if complete resection is techni-
cally feasible, and there is no evidence of local invasion,
an initial laparoscopic approach is an acceptable option
in experienced hands at selected centers (51, 69,71).

The maximal acceptable size of lesion appropriate
for laparoscopic adrenalectomy is another unsettled
issue. Although size per se is not definite contraindica-
tion, laparoscopy is not advisable in masses larger than
12—14 cm, because of the increased incidence of malig-
nancy and the technical difficulties associated with
their removal. The largest lesion that we have resected
was 14 cm, but such a mass makes the dissection diffi-
cult and is time consuming. The exposure also is prob-
lematic because of the limited space available in this
area. Frequently, large masses have unusual and nu-
merous retroperitoneal feeding vessels that require tedi-
ous and lengthy dissection. Only those surgeons with
extensive laparoscopic experience should attempt resec-
tion of larger adrenal masses. Generally, the indications
and contraindications for laparoscopic adrenalectomy,
including the maximal size limit and other issues, are
currently dictated largely by the experience of the in-
dividual laparoscopic surgeon.

Management recommendations regarding an inci-
dental adrenal mass are still a matter of controversy.
Although, generally adrenocortical carcinomas are seen
in masses larger than 6 cm, reports are available of
incidentally detected cancer in masses 3–5 cm and even
smaller (51,82). Another confounding factor is the fact
that computed tomography may be associated with 20–
40% underestimation of adrenal tumor size compared
with actual size on histopathology (82). Definite indi-
cations for adrenalectomy include sizes larger than 4
cm, hormonally active lesions, suspicious mass charac-
teristics base on imaging studies, and documented
increase in size. In light of the above-mentioned facts
and the excellent results of the laparoscopic procedure,
we and others (51), propose that laparoscopic adrenal-
ectomy is the preferred management for the young and
low operative risk patients, with 3–5 cm adrenal masses.
Another argument against the watchful conservative
policy in such cases is the observation that most adrenal
nodules increase in size with age (51) and the annual
need for imaging and biochemical testing throughout
their life. Moreover, the patient will be spared the
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anxiety, expense and time lost from repeated follow-up
appointments and the associated studies needed.

At present, we believe it is beyond debate that this
minimally invasive technique has become the procedure
of choice for hyperaldosteronism (37,63,64), Cushing’s
syndrome and disease (3,21,22,25,26,62,67), and pheo-
chromocytoma (20,28,48,50,53,54,58).

Bilateral laparoscopic adrenalectomy appears to be
safe and effective in patients with pituitary-dependent
Cushing’s syndrome after failed transsphenoidal sur-
gery and in cases with ectopic ACTH syndrome when
the primary tumor cannot be identified or removed
(62). It is now obvious that laparoscopic resection of
pheochromocytomas can be accomplished safely
despite frequent episodes of hemodynamic variability
equal to those of historical open control subjects. The
expedient recovery, lesser postoperative complications
and the lack of endocrinopathy recurrence, makes this
approach the procedure of choice for the management
of pheochromocytoma (53,57). In addition, a recent
publication by Brunt et al. (52) has reported favorable
results in cases of unilateral and bilateral familial
pheochromocytoma (patients with MEN-2A, MEN-
2B, Von Hippel–Lindau and Neurofibromatosis type
1). Another large series from Germany (55), have
documented the successful outcome of endoscopic
approach in 61 chromaffin neoplasms (52 pheochro-
mocytomas and 9 paragangliomas). The patient pop-
ulation included wide spectrum of this disease: uni-
lateral, hereditary, bilateral, recurrent and multiple
tumors. Interestingly, in patients with bilateral disease,
partial bilateral adrenalectomy was performed and
achieved preservation of the adrenocortical function
in 86% of cases, without evidence of recurrence after
three years of follow-up. Thus, in patients with hormo-
nally active tumors of the adrenal, the procedure has
proved feasible, safe and offered all the advantages of
minimally invasive surgery. Additionally, it resulted in
an excellent functional outcome and was associated
with clinical and biochemical cure rates comparable
with those of open surgery during long term follow-up
(3,52,53,55,57,62–64).

Recently, newer advances and innovations in the
field of laparoscopic adrenalectomy have been intro-
duced. Outpatient laparoscopic adrenalectomy has
been performed in selected low risk patients with small
adrenal tumors (mainly hyperaldosteronism and ex-
cluding pheochromocytoma), with satisfactory results
(65,84). To further minimize the morbidity of conven-
tional laparoscopic procedures, Needlescopic tech-
nique, utilizing smaller ports, was reported by several
groups (84–86). The limited experience to date with

small number of patients showed that the procedure
was feasible, resulted in improved wound cosmesis, and
a trend toward decreased postoperative pain and hos-
pital stay was observed, without prolonging operative
time (84). The continued technological advances, offer-
ing more effective 2 mm instruments, has the potential
to convince more reluctant surgeons to embark on this
new technique. Nevertheless, randomized prospective
trials comparing needlescopic with conventional lapa-
roscopy are still needed to validate these favorable ini-
tial results.

Laparoscopic adrenal-sparing surgery in selected
patients with bilateral pheochromocytoma and well-
circumscribed bilateral cortisol or aldosterone-produc-
ing adenomas (29,59,87–91) was reported. This adrenal
sparing approach may be valuable in those who would
otherwise require lifelong adrenal replacement therapy
after complete adrenal glands extirpation. It was also
reported in cases of unilateral aldosterone-producing
adenomas (91). Our limited experience (29) and that of
others (87–91) confirms the technical feasibility and
safety of laparoscopic partial adrenalectomy. It should
be noted that recurrence rates in patients with bilateral
pheochromocytomas in MEN syndromes, approached
20% (29,90). For this reason it is recommended to avoid
adrenal-saving surgery in these instances. Intraopera-
tive ultrasound should be available if adrenal-sparing
surgery is planned since it’s not possible to rely solely on
the direct laparoscopic view. Whenever a clear differ-
entiation between tumor and normal parenchyma is
impossible intraoperatively, total adrenalectomy be-
comes unavoidable. Total adrenalectomy is also undis-
puted in cases of suspectedmalignancy. There have been
no studies in which failure to preserve adrenal function
was clearly associated with main vein ligation, however,
every attempt should bemade tomaintain the main vein
during adrenal sparing surgery. In case of severe hyper-
tension during surgery for pheochromocytoma, it has
been suggested to temporarily occlude the vein with lap-
aroscopic bulldog clamp (59). Due to the possibility of
preserving a better cortical physiologic response to
stress stimulation even in cases of unilateral partial re-
sections, adrenal-sparing surgery may represent a val-
uable alternative to total adrenalectomy for selected in-
dications. However, more data from large prospective
series with long-term follow-up is required before draw-
ing definite conclusions.

Another technical advance, further extending the
scope of minimally invasive adrenal surgery, is the re-
cent investigation of the thoracoscopic trans-diaphrag-
matic approach to the adrenal gland (92). Additional
novel approaches under investigation are adrenal cryo-
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ablation (93) and robotic laparoscopic adrenalectomy
(94,95).

Finally, two recent publications have addressed
another interesting issue; whether the widespread intro-
duction of laparoscopic adrenalectomy have broadened
the indications of the surgical approach to adrenal
lesions and changed the pattern of referral (99,100). It
has been found that the introduction of laparoscopic
adrenalectomy has resulted in an increase in the number
of patients referred, and consequently, more adrenalec-
tomies are performed. While one study showed that the
criteria for patient selection did not change, but more
patients with adrenal metastasis and incidentalomas
were operated on laparoscopically (99), the other study,
indicated that this was due to increased number of cases
with hyperaldosteronism and pheochromocytoma
(100). In this study, however, there was no change in
the number of operations for incidentalomas andmetas-
tasis (100).

9 CONCLUSION

After a decade of worldwide experience, laparosco-
pic adrenalectomy has successfully achieved maturity.
Based on our experience, and that of others, laparo-
scopic adrenalectomy is a well established technique
and is currently the treatment of choice for benign
functioning and nonfunctioning neoplasms of the adre-
nal. Although other laparoscopic approaches are fea-
sible, they have their limitations and offer no clear
advantage over the lateral transabdominal approach,
the preferred technique practiced by most surgeons
performing laparoscopic adrenalectomy. The limited
experience with the procedure in malignancy shows
some promise. It should be emphasized, however, that
its definite role in this regard is yet to be clarified. At the
present time, invasive adrenocortical carcinoma and
metastatic pheochromocytoma to peri-aortic nodes
are the only absolute contraindications. Needless to
say, only experienced laparoscopic surgeons should
attempt laparoscopic resection of large masses, and
generally, the minimally invasive technique is not advis-
able for lesions greater than 12–14 cm.
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Retroperitoneoscopic Adrenalectomy

H. Jaap Bonjer and Bruno Sgromo

Erasmus Medical Center, Rotterdam, The Netherlands

1 INTRODUCTION

Adrenal glands are extraperitoneal organs situated al-
most in the center of the body. Classically, very in-
vasive procedures have been necessary to manage
adrenal disease. Endoscopic surgery can play an im-
portant role, avoiding large abdominal, lumbar, or
thoraco-abdominal incisions. This is of particular im-
portance because the majority of adrenal tumors is
small in size and the specimens are readily extractable.
Retroperitoneoscopic surgery originates from pneumo-
retroperitoneography, a radiological technique, used
before the era of computed tomography (CT), based
on the injection of air into the para-renal space to
enhance the contrast between structures, thereby delin-
eating renal and adrenal tumors. This is possible be-
cause the posterior aspect of Gerota’s capsule is easily
separated from the posterior lumbar fascia as well as
from the other fascias. Subsequently, retroperitoneo-
scopy allows performing diagnostic and operative pro-
cedures of kidneys, adrenal glands, renal pelvis, ureters,
and great vessels.

The first endoscopic adrenalectomies were per-
formed through transperitoneal access. However, some
pioneers such as Mercan (1) developed the extraperi-
toneal adrenalectomy because the retroperitoneal ap-
proach allowed a more direct approach and required
less extensive dissection of adjacent organs. In laparo-
scopic transperitoneal adrenalectomy, retraction of the
spleen, the splenic flexure of the colon, and the pan-

creatic tail is required to expose the left adrenal.
Mobilization and retraction of the right lobe of the
liver is necessary to reveal the right adrenal in laparo-
scopic transperitoneal adrenal surgery. The retroperi-
toneal approach, both in lateral and prone decubitus,
obviates opening the peritoneal cavity, reducing manip-
ulation of adjacent organs and, therefore, the possibil-
ity of injuries.

Previous abdominal surgery is a relative contraindi-
cation for the laparoscopic trans-abdominal approach
because of peritoneal adhesions. Intraperitoneal adhe-
sions do not interfere with the retroperitoneal approach.
Otherwise, retroperitoneal surgery appears associated
with less trauma of the peritoneum and should therefore
create fewer adhesions in the peritoneal cavity.

2 ANATOMY

The retroperitoneum is a virtual space, divided in three
(four with the renal lodge) parts by connective struc-
tures called fascias. The retropubic or Retzius space, the
iliac or Bogros space, and the lumbar retroperitoneum
can be distinguished. The Retzius space is located
posterior to the abdominal rectus muscle and the pubic
bone. The lateral boundaries of the Retzius space are
the epigastric vessels and the spermatic cord. The
urinary bladder is the content of the Retzius space.
The iliac or Bogros space is located laterally to the
Retzius space. The psoas muscle, the iliac muscle, and
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the transversus abdominis muscle are its posterior and
lateral boundaries. The lumbar space is the cranial
extension of Bogros space. The medial boundaries are
the caval vein, the aorta, and the vertebral column.
The lateral boundaries are the transverse abdominal
muscles. The floor of the lumbar space consists of the
psoas muscle and the quadratus lumborum muscle.
Ventrally Bogros space is covered by the descending
colon on the left and ascending colon on the right. The
adrenal glands, surrounded by fat, are located in the
lumbar retroperitoneum. The lumbar retroperitoneum
consists of two virtual spaces: the anterior and the
posterior para-renal spaces.

The anterior para-renal space is separated laterally
from the posterior para-renal space by the lateroconal
fascia, inferiorly from the renal space by Gerota’s
fascia, and is enclosed by the diaphragm superiorly
and posteriorly. Adrenal glands, the tail of the pan-
creas on the left and the duodenum on the right are
located in the anterior para-renal space. The posterior
para-renal space is in direct continuity with the iliac
retroperitoneal space. The lateroconal fascia is taut
between the peritoneal sac and lumbodorsal fascia.
To expose the adrenal glands, a wide longitudinal
incision of the lateroconal fascia is necessary (2). The
origin of the lateroconal fascia is found in the dividing
of Gerota’s fascia into two parts. The internal layer,
which keeps close contact with the renal profile, and
the external layer, the lateroconal fascia that goes
straight to the diaphragm.

Adrenal glands are small, paired, bilateral, triangular
organs situated cranially to the kidneys at the level of
the eleventh rib laterally to the first lumbar vertebra.

The left gland is in close relation with the aorta and
diaphragmatic crus medially, splenic vessels and the
pancreatic tail posteriorly, and with the peritoneum
anteriorly. The right gland is placed in a narrow space
between vena cava, right kidney, duodenum, right
hepatic lobe, and the diaphgragmatic crus.

Adrenal glands receive a very high blood flow from
three variable, small arterial branches of the renal
artery, aorta, or phrenic artery—respectively, the infe-
rior, middle, and superior adrenal arteries. The right
middle adrenal artery has a particular course, arising
from the lateral aspect of the aorta and crossing the
posterior aspect of the vena cava. The adrenal vein is
usually single, emerging from the anterior aspect of the
gland, and is a tributary of the caval vein on the right
and of the renal vein on the left. The left adrenal vein
receives almost constantly, on its posterior aspect, a
branch from the inferior phrenic vein. This can be the
source of bleeding if not recognized and ligated.

Anatomical variations for both veins and arteries
seem to be more frequent on the right side (3,4). The
right vein, usually single and tributary of the vena cava,
can be doubled or can be a tributary of an inferior
hepatic vein.

Lymphatic drainage from the adrenal gland is taken
to the para-aortic nodes, first-level nodes, and then to
posterior mediastinal lymph nodes by a large number
of lymphatics. Nerves are well represented. The poste-
rior aspect of the gland particularly is adjacent to the
great splanchnic nerve, and the medial aspect of the
adrenal is in contact with the celiac plexus. Those
nerves are, together with the adrenal vessels, the only
structures maintaining the adrenal glands in a relatively
constant position.

3 INDICATIONS

Adrenal pathology encompasses functional and non-
functional tumors and primary and secondary lesions.
Endoscopic techniques have been demonstrated to be
safe and effective in all conditions except for adrenal
cancer.

Adenomas of the adrenal gland are the most com-
mon disease. Of the functionally active adrenal adeno-
mas, Conn’s syndrome is the most common, followed
by Cushing’s syndrome and pheochromocytomas.

Some adrenal neoplasms secrete androgen hor-
mones, which are converted to testosterone by extra-
adrenal tissue such as adipose tissue. Androgen secre-
tion is commonly seen in adrenal carcinoma. Another
rare condition is congenital adrenal hyperplasia, due to
a partial enzymatic defect of 21-hydroxylase.

Incidentalomas represent almost 10% of adrenal
pathology, while cancer, metastasis, and adrenal hyper-
plasia are rare conditions.

Treatment of pheochromocytomas represents a con-
quest for endoscopic surgery. After initial criticism, it is
now recognized that pheochromocytomas can be man-
aged endoscopically as safely as by open surgery. Be-
cause 10%of pheochromocytomas are localized outside
adrenal glands, preoperative imaging studies are impor-
tant to assess the exact site of the disease. A combination
of (131)I-meta-iodobenzylguanidine (MIBG) scintigra-
phy with CT or magnetic resonance imaging (MRI) is
preferable.

Pheochromocytomas can present in a sporadic form
or associated with hereditary syndromes, in particular
MEN IIa and IIb, neurofibromatosis, tuberous scle-
rosis, Sturge-Weber syndrome, and von Hippel-Lin-
dau disease.
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In case of paragangliomas, we prefer the open pro-
cedure, because in our experience of two paraganglio-
mas, both procedures had to be converted to open
surgery. One paraganglioma was located in the renal
hilum between the renal artery and vein. Numerous
small fragile vessels of the paraganglioma made endo-
scopic dissection too demanding. The other paragan-
glioma was located between the caval vein and the
aorta. This location could not be readily accessed by
retroperitoneoscopy.

Cancer is a relative contraindication to endoscopic
procedure. Because of its rarity, no studies have deter-
minated whether laparoscopic and retroperitoneo-
scopic resection of adrenal cancer is appropriate. How-
ever, we believe that radical removal of adrenal cancer
offers the only prospect of cure. Therefore, we do not
recommend the retroperitoneal approach in patients
with adrenal cancer since removal of these usually large
tumors cannot be accomplished without manipulation
of the tumor (5). For solitary metastasis, usually from
lung cancer, the retroperitoneoscopic approach could
be considered when the lesion is small.

Another absolute contraindication to retroperito-
neoscopy is primary retroperitoneal fibrosis or fibrosis
secondary to previous renal or peri-renal surgery.

Obesity is not a contraindication for retroperito-
neal adrenalectomy. In our experience, no correlation
between obesity, operating time, and blood loss was
found. The lumbar retroperitoneum is accessible in
obese patients since most fatty tissues are displaced
away from the flank in lateral decubitus position (6).
However, we consider patients with Cushing’s disease
the most difficult cases since relatively small adrenal
glands are surrounded by abundant fat.

The presence of aptotic kidney, kidney anomalies,
and shrunk kidney due to chronic pyelonephritis are not
contraindications to retroperitoneal endoscopic sur-
gery, but anatomical landmarks are changed and the
surgical field will appear different. The kidney in partic-
ular is not only a landmark during dissection but also
protects the vena cava on the right side. One should
realize that in case of a small right kidney, the caval vein
is more liable to injury during dissection.

4 BILATERAL ADRENALECTOMY

Bilateral adrenal hyperplasia due to Cushing’s disease is
the most frequent indication for bilateral adrenalec-
tomy. Failed pituitary surgery usually precedes adrenal
surgery for Cushing’s disease. Ectopic unknown adre-
nocorticotropin hormone (ACTH)–secreting tumors,

bilateral pheochromocytomas, and congenital adrenal
hyperplasia are other common indications for bilateral
adrenalectomy. Hsu and Gil (7) compared two groups
of four patients undergoing bilateral laparoscopic adre-
nalectomy. One group had synchronous bilateral adre-
nalectomy, while the other had a staged bilateral
adrenalectomy. Three of the four patients in both
groups underwent retroperitoneal adrenalectomy in
lateral decubitus without complications. Between the
synchronous and the staged groups, no statistically
differences appeared in respect to operative time, blood
loss, post-operative narcotic requirement, or hospital
stay. However, because of the few series present in
literature it is difficult to assess if the staged bilateral
adrenalectomy has any advantage with respect to the
synchronous bilateral adrenalectomy.

The retroperitoneoscopic posterior approach allows
one to perform bilateral adrenalectomies without
changing the position, with a reduction in the operative
time. However, conversion to open surgery can be
demanding when the patient is in the prone position.
In our experience with retroperitoneal endoscopic adre-
nalectomy in lateral decubitus, changing the position of
the patient requires less than 15 minutes.

5 PREOPERATIVE WORK-UP

All adrenal disease requires hormonal investigation.
Hypersecretion of adrenocortical hormones or cate-
cholamines should be assessed. Following endocrino-
logic work-up, imaging of the adrenal mass takes place
by thin-collimation computed tomography (8). Intra-
venous injection of radiopaque dye enhances the resolu-
tion of computed tomography. Without intravenous
contrast, it can be difficult to distinguish adrenal tissue
from aorta and caval vein or surrounding organs. If

Indications Contraindications

Adrenal tumor < 6 cm Adrenal tumor > 6 cm
Conn’s syndrome

Cushing’s disease and
syndrome

Pheochromocytoma

Incidentaloma
Adrenal cyst
Masculinizing benign tumors
Myelolipoma

Prior ipsilateral peri-renal

surgery
Retroperitoneal fibrosis
Paraganglioma

Cancer
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results of CT are not conclusive, magnetic resonance
and nuclear medicine imaging studies should be per-
formed.

MRI can determine the fatty content of adrenal
glands, which can be valuable in incidentalomas. In
these cases, MRI can identify an incidentaloma as an
adenoma.

In a recent study, Honigschnabl et al. (9), analyzed
the efficacy of MR imaging in differentiating benign
from malignant adrenal masses. MR findings in 229
patients were analyzed and correlated with histopatho-
logical findings. The authors concluded that the high
accuracy (98%) of MR imaging in characterization of
adrenal lesions can offer the advantage of the mini-
mally invasive technique to patients with tumors larger
than 5 cm.

Adrenal cancer should be suspected when imaging
studies reveal variable density of the tumor, irregular
shape of the tumor, or enlarged local lymph nodes.

Invasion of caval or renal vein in adrenal cancer can
be imaged by contrast enhanced CT, MRI, or ultraso-
nography.

Scintigraphic investigations play a major role in the
assessment of pheochromocytomas. For pheochromo-
cytomas, CT or MRI combined with MIBG scintigra-
phy detect pheochromocytomas in 95% (10). For
functional adrenocortical tumors, iodo-methylnorcho-
lesterol scintigraphy can assess the presence of bilateral
hyperplasia or unilateral hyperactivity.

6 PATIENT PREPARATION

Single shot antibiotic prophylaxis at induction of anes-
thesia is only employed in patients with hypercortiso-
lism because these patients are more prone to infections.
Corticosteroid substitution is startedduringadrenal sur-
gery in patients with hypercortisolism.

In case of pheochromocytomas, it is mandatory to
administrate an á-adrenergic blocking agent for at least
10 days before surgery. If tachycardia occurs, a â-
adrenergic blocker is also given. Prophylaxis for deep
vein thrombosis is administered preoperatively. A naso-
gastric tube and a Foley’s catheter are placed in the
operating room.

7 OPERATIVE TECHNIQUE

Retroperitoneoscopy can be performed using the lateral
or flank approach and the posterior approach.

7.1 Lateral Approach

The lateral or flank extraperitoneal approach for adre-
nal surgery was first described in 1992 byGaur (11). The
advantage of the lateral approach is displacement of
the abdominal wall with abdominal organs away from
the operative field. After gaining experience with this
approach, the anatomical landmarks will be clearer,
fascias will be recognized more easily, and the access
to the glandwill be faster.When conversion is necessary,
lumbotomy allows fast access to the operative field.

The patient lies in the lateral decubitus position, and
the table is cracked to create the widest space possible
between costal margin and iliac crest. This is important
to allow free movement of instruments, which can be
limited by the prominence of the hip, especially in
women. A bean bag or a vacuummattress is very helpful
in maintaining the lateral decubitus position.

The surgeon stands on the abdominal side of the
patient for left adrenalectomy and posteriorly to the
patient for right adrenalectomy. The assistant stands on
the opposite side. The operating roommust be ready for
a possible conversion to open surgery.

A 2 cm incision is made just caudally to the tip of the
11th rib, the fascia of the external oblique muscle is
incised, muscles are split, and after opening of the
transversalis fascia, Bogros space is accessed. All the
described maneuvers can be done digitally, and the in-
ferior pole of the kidney can be easily palpated (Fig. 1).

In our technique, we employ a transparent dissection
balloon, (PDB balloon; Tyco, Norwalk, CT), which is
also used for extraperitoneal inguinal hernia repair for
creating the retroperitoneal space. After introducing a
zero degree endoscope, the insufflation of the retroperi-
toneal space can be done under endoscopic guidance
(Fig. 2). The tip of the dissection balloon is aimed
posteriorly to avoid opening the peritoneal sac. The
quadratus lumborum muscle is the first anatomical
landmark that is discovered during insufflation of the
balloon (Figs. 3, 4). Once enough space has been made,
the dissection balloon is replaced by a blunt tip inflat-
able trocar (Origin, Origin Medical System; Tyco, Nor-
walk, CT). The pneumoretroperitoneum is created at a
pressure of 10–12 mmHg, and a second 5 mm trocar is
inserted posteriorly.We introduce the second trocar 5–7
cm posteriorly to the first trocar under direct vision to
ensure that no injuries occur to the diaphragm.

Using a gentle dissector, the peritoneal sac is mobi-
lized from the antero-lateral abdominal wall in order to
make the space to insert the other two trocars. It is very
important to maintain the dissection plane as close as
possible to the abdominal wall to prevent perforating
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Figure 2 Balloon dissection under endoscopic guidance of

the right retroperitoneal space.

Figure 1 Introducing a finger through the first incision
caudally to the tip of the llth rib allows palpation of the lower
pole of the kidney.

Figure 3 Retroperitoneal space (indicated by arrows)

created by balloon dissection.

Figure 5 Mobilization of the peritoneal sac to create space

for introduction of the third and fourth trocar.
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the peritoneal sac (Figs. 5, 6). A 5 mm trocar more
medially and a 10 mm trocar between the latter and the
first are inserted close to the costal margin (Fig. 7).

Once the Brogos space is opened, the lateroconal
fascia is the only structure covering the adrenal glands
and the kidney. This white-grey avascular structure has
to be incised longitudinally to expose the fatty tissue
beneath covering the kidney and the adrenal gland
(Figs. 8–11). Subsequently, the upper pole of the kidney
should be freed. The created space is defined by the
kidney, the peritoneum medially, the quadratus lumbo-
rum muscle laterally, the lateral abdominal wall superi-
orly, and the diaphragm cranially. Teasing all the fat
away from the superior renal pole will expose the
adrenal gland (Fig. 12). This step and the following
dissection can be successfully performed using ultra-
sonic devices. The gold-yellow adrenal glandwill appear
in the corner formed on the right by the liver, vena cava
and upper renal pole, and on the left by the upper renal
pole, aorta, and sometimes by the tail of the pancreas.
To avoid pancreatic injury, dissection should be done in
a posterior plane during left adrenalectomy.

Particularly if a pheochromocytoma is being re-
moved, delicate handling is required to avoid massive
catecolamine delivery into the blood stream. First the
anterior and lateral aspects of the adrenal tumor are
freed. Subsequently, an attempt is made to elevate the
adrenal tumor by gentle indirect retraction (Fig. 13).

Figure 7 Trocar positioning for right retroperitoneoscopic
adrenalectomy.

Figure 8 Opening the lateroconal fascia in a longitudinal
fashion for right adrenalectomy.

Figure 10 Opening of the lateroconal fascia for right adre-
nalectomy has been completed.
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First, the inferior and middle arteries are encountered
and then the vein. In our series, we experienced hemo-
dynamic instability in 3 (15%) of 19 patients with a
pheochromocytoma, which was well managed by the
anesthesiologist. Hemodynamic instability never neces-
sitated conversion of the endoscopic procedure to open
surgery. Care should be taken not to ligate the superior
branch of the renal artery during dissection of the
inferior adrenal artery. Hypertension will follow when
a branch of the renal artery is clipped. The adrenal vein
on the right side is usually short. Careful dissection is
mandatory to gain enough space for a safe ligation of
the adrenal vein (Fig. 14). We divide the vein after
placing two titanium clips on the vena cava side and
one on the adrenal side. On the left side the vein is
longer, making its dissection easier than on the right
side. Once the vessels have been ligated, the gland can be
easily lifted and the dissection can be completed. At the
upper aspect of the adrenal gland, small arterial
branches, arising from the phrenic artery, can be
present. The adrenal tumor is always removed in a
plastic bag (Endocatch; USSC, Norwalk, CT) to pre-
vent spillage of adrenal tissue.

7.2 Posterior Approach

The posterior approach to the retroperitoneal space is
another surgical option for removing adrenal gland

disease (Fig. 15). This approach was first described in
1995 by Mercan et al. (1).

After positioning the patient in the prone position,
the table is flexed to open the space between the ribs and

Figure 12 Exposure of the right adrenal gland.

Figure 14 Endoscopic clipping of the right adrenal vein.

Figure 15 Patient in prone position for right posterior

retoperitoneoscopic adrenalectomy.
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the posterior iliac crests. The first incision of 2 cm is
made 2–3 cm inferiorly to the tip of the 12th rib. After
splitting the muscle fibers, the dissecting balloon is
introduced. Insufflating the balloon under direct vision
allows recognition of anatomical structures such as the
quadratus lumborum muscle, the kidney, the diaphrag-
matic crus, and the peritoneum. The dissecting trocar is
then replaced by a balloon tip trocar (Origin, Origin
Medical System; USSC, Norwalk, CT). Once enough
space is created, carbon dioxide is insufflated at 10–15
mmHg to allow safe insertion of other trocars. During
this phase, care must be taken because an injury to sub-
costal nerves and diaphragm can occur with postoper-
ative chronic neuralgia and pneumothorax.

Gerota’s fascia is incised transversely in its most
cranial aspect, and the adrenal gland is exposed.

A perfect control of the vascular structures is possible
using this approach (Figs. 16, 17). Arteries will be
clipped and sectioned before the adrenal vein is ligated
on both sides (Fig. 11).

8 RESULTS AFTER RETROPERITONEAL

ADRENALECTOMY IN LATERAL

DECUBITUS POSITION

In our series of over 150 retroperitoneal adrenalecto-
mies in lateral decubitus, the operative time was less

than 115 minutes for unilateral adrenalectomy. Oper-
ative time was slightly prolonged for pheochromocyto-
mas. Average blood loss was 65 mL for unilateral ad-
renalectomy and 121 mL for bilateral adrenalectomy.

Postoperative analgesia was necessary in half of the
patients for no longer a than 2 days. Baba (12) analyzed
the analgesic requirements in three groups of patients
undergoing adrenalectomy with different approaches.
Retroperitoneoscopic adrenalectomy in lateral decubi-
tus position required the least analgesia. In another
study from our institute, we found a significant differ-
ence in postoperative analgesic use between retroperi-
toneal adrenalectomy in lateral decubitus and open
adrenalectomy (13).

Because the retroperitoneal operative field has a wide
surface, hypercapnia can be expected during endoscopic
retroperitoneal adrenalectomy. Ng et al. (14) reported
that retroperitoneoscic surgery performed for renal and
adrenal diseases is not associated with greater carbon
dioxide absorption. In our study the increase of end-
tidal carbon dioxide was similar to that observed in
trans-peritoneal adrenalectomy (13).

Mobilization and normal diet were stimulated in all
patients directly after retroperitoneal adrenalectomy in
the lateral decubitus position. In our center, patients
were usually discharged from the hospital 2 days after
unilateral adrenalectomy and 5 days after bilateral
adrenalectomy (15).

Figure 16 Posterior view of right adrenal anatomy. Right
adrenal vein (2), middle and inferior adrenal arteries (4), and

caval vein (3) are shown.

Figure 17 Posterior view of left adrenal anatomy. Left

adrenal vein (2), middle and inferior adrenal arteries (4), and
left diaphragmatic vein (9) are shown.
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The complication rate was 11%. Hematoma was the
most common postoperative complication. Urinary
tract infection and burning pain at the operated flank
were other complications. The mortality rate was 0.9%.
The conversion rate was less than 5%More than half of
conversions occurred during the first 30 procedures,
underlining the importance of experience. The most
common cause of conversion was bleeding, in two cases
from the right adrenal vein.

Peritoneal tearing occurred in 15% of patients, pre-
dominantly during the early experience. In case of
extreme narrowing of the operative field, an extra trocar
can be placed to retract the peritoneal sac.

Schell et al. (16) analyzed operating room costs and
total hospitalization costs, demonstrating that the lap-
aroscopic transperitoneal adrenalectomy is less expen-
sive than the open procedure. However, use of reusable
instruments lowers operating room costs.

9 RESULTS AFTER RETROPERITONEAL

ADRENALECTOMY IN PRONE

DECUBITUS POSITION

The largest published series in the literature on endo-
scopic posterior adrenalectomy has been reported by
Walz et al. (4). The operating time was 101 F 39
minutes. Operations for pheochromocytomas required
more operative time than other indications. For adrenal
tumors larger than 3 cm, the procedure took longer than
for adrenal tumors of 3 cm or less.

The postoperative complication rate after endo-
scopic posterior adrenalectomy was 13%, involving
temporary paralysis and hypestesia of the abdominal
wall, hematoma, and incisional hernia. Conversion was
necessary in 5% of cases because of cardiovascular
instability and technical difficulties. Pleural tearing
was recognized in four patients but did not require
conversion to open surgery.
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Pathology of Pancreatic Endocrine Neoplasia
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1 NEURONDOCRINE PANCREATIC

TUMORS (ISLET CELL TUMORS)

Neuroendocrine pancreatic tumors are uncommon,
representing approximately 1–2% of all pancreatic pri-
mary tumors. The majority of cases are clinically func-
tional with approximately 25% of surgical cases being
nonfunctional. Patients with multiple endocrine neo-
plasia (MEN) type I syndrome will usually have a
panreatic endocrine tumor. Although these tumors
occur in all age groups, they are rare in children.
Grossly, these tumors range in size from less than a
centimeter to large masses and are usually solitary but
multiple tumors are seen in a high percentage of gas-
trinomas and inmostMEN type I cases. They can occur
in any portion of the pancreas but overall are more
common in the body and tail regions (Figs. 1, 2). They
are tan or pale pink, well circumscribed or infiltrative
in appearance, with a firm texture. The cells can be
arranged in ribbons, acini, rosettes, or solid sheets
(Figs. 3, 4). The tumor cells usually have a monotonous
appearance with minimal pleomorphism. Nuclei are
eccentrically located with a small nucleolus. Cytoplasm
is slightly granular, amphophilic, or basophilic in color.
There is a well-developed delicate vasculature associ-
ated with the tumors. Immunohistochemical stains that
usually react with these tumors include chromogranin
and synaptophysin. Stains for individual hormones will
be positive depending on clinical phenotype (Fig. 5).
Coexpression of hormones other than the one causing

symptoms is frequent. Electron microscopic examina-
tion will demonstrate dense core cytoplasmic neuro-
secretory granules ranging in size from 100 to 400 nm.
These granules may vary depending on the hormone
present (Fig. 6). Criteria for malignancy are metastatic
spread, blood vessel invasion, or extension into adjacent
organs (Fig. 7). Benign tumors generally are smaller
size than malignant ones, but there is much overlap be-
tween the two. There is prognostic correlation with the
patient’s clinical hormonal syndrome.Metastases occur
most commonly to the liver and abdominal lymph
nodes.

2 INSULINOMAS

Insulinomas are the most common of the pancreatic
endocrine tumors and generally have a benign clinical
course. They occur in any portion of the pancreas, are
usually solitary, but multiple tumors exist in MEN I
patients.Most tumors are smaller than 1.5 cm, but those
larger than 3 cm have been associatd with a malignant
course. A histological feature seen more often in insu-
linomas than other pancreatic endocrine tumors is the
presence of stromal amyloid, which is composed of an
insulinoma polypeptide. In addition to immunohisto-
chemical reactivity for insulin, approximately half of the
cases will react with other hormones. Ultrastructurally,
these tumors usually have secretory granules, which
correspond to h granules.
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Figure 1 Distal pancreatectomy specimen with a neuroendocrine (islet cell) tumor. The Tumor is well circumscribed and

composed of dark hemorrhagic tissue.

Figure 2 Whippel’s procedure with a pancreatic neuroendocrine (islet cell) tumor in the head on the pancreas.
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Figure 4 Histological section of a pancreatic neuroendocrine tumor showing ribbons of tumor cells separated by a delicate
vascularity. (Hemotoxylin/eosin �20.)

Figure 3 Histological section of a pancreatic neuroendocrine (islet cell) tumor. The tumor is composed of cords of uniform cells
with eccentric uniform nuclei and abundant basophilic cytoplasm. (Hemotoxylin/eosin �20.)
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Figure 5 Immunohistochemical stain for gastrin which is positive in this pancreatic neuroendocrine tumor. (Gastrin
immunoperoxidase stain �20.)

Figure 6 Ultrastructural photomicrograph of a pancreatic gastrinoma. The cytoplasm is filled with dense core neurosecretory

granules of varying sizes. (Uranyl acetate/lead citrate �16000.)
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Figure 7 Lymph node with metastatic pancreatic neuroendocrine tumor. (Hemotoxylin/eosin �10.)

Figure 8 Pancreatic small-cell carcinoma. The tumor is composed of uniform cells with finely clumped chromatin and minimal
cytoplasm. (Hemotoxylin/eosin �40.)
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3 GASTRINOMAS

Gastrinomas are the second most common of the func-
tional pancreatic endocrine tumors. In addition to the
pancreas, these tumors may arise in extrapancreatic
sites and give rise to the Zollinger-Ellison syndrome
due to gastrin hypersecretion. These tumors can be
found in any pancreatic site but are more common in
the gastrinoma triangle, defined by the cystic-hepatic
duct confluence, the junction of the second and third
portion of the duodenum, and the body of the pan-
creas. They may be solitary or multiple particularly
in MEN I patients. Tumors average in size 2 cm, but
lesions smaller than 1 cm can occur. Histologically,
there is usually lymphatic/vascular invasion present.
Gastrin immunohistochemistry will be positive in the
tumor cells, and there may be reaction for other hor-
mones. Ultrstructurally there are electron dense gran-
ules of varying size and shape. These are slow-growing
tumors, which usually have a malignant course. Meta-
stases may occur many years following detection of the
primary tumor.

4 GLUCAGONOMAS

Glucagonomas comprise approximately 5% of the
functional pancreatic endocrine tumors and arise from
the a cells. These tumors are usually solitary and found
in the tail portion of the pancreas. The average size is 7
cm. Immunohistochemical stain for glucagon or a pro-
glucagon peptide will be positive in these tumors and
there may be focal positivity for other hormones. The
typical a granule on ultrastructural examination will be
180–300 nm with a dense inner core and a surrounding
paler rim. Approximately 80% of these cases are ma-
lignant, the liver being most often the first site of meta-
static spread.

Other functional pancreatic tumors which rarely
occur include somatostatinomas and VIPomas (watery
diarrhea syndrome) (1–21).

5 SMALL-CELL CARCINOMA

OF THE PANCREAS

Small-cell carcinoma is an uncommon primary pancre-
atic tumor representing approximately 1% of all tu-
mors. It is considered a poorly differentiated endocrine
tumor. Elderly men are the usual patient population.
Most tumors occur in the head of the pancreas. Grossly,

they are large, infiltrative masses with areas of hemmo-
rhage and necrosis and are soft or grey in appearance.
Histologically they are similar to the more commonly
occurring lung tumors (Fig. 8). The cells are arranged in
solid sheets or nests with little appreciable cytoplasm.
Nuclei have dense coarse chromatin without prominent
nucleoli and may have nuclear molding. Mitotic figures
are numerous. Ultrastructurally, there are rare dense
core neurosecretory granules. Immunohistochemically,
they will react with neuroendocrine markers such as
chromogranin and synaptophysin. Hormones are usu-
ally not detected.Metastases to either liver lymph nodes
or other structures are generally found at the time of
presentation (22–24).
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1 ULTRASONOGRAPHIC FEATURES

OF THE NORMAL PANCREAS

The pancreas is located in the subdiaphragmatic retro-
peritoneal space at the level of the first and second
lumbar vertebrae. The pancreatic head is located to
the right of superior mesenteric vein and medial to the
second portion of the duodenum, which can be identi-
fied as a fluid- or air-containing structure. The pancre-
atic body is anterior to the aorta, separated from the
latter by retropancreatic and periaortic fat. The superior
mesenteric artery and vein pass anterior to the uncinate
process and/or posterior to the pancreatic neck and
body. The tail of the pancreas extends to near the sple-
nic hilum. The common bile duct runs anterior to the
portal vein and enters the inferior aspect of the pancre-
atic head, then runs inferiorly to join the pancreatic duct
close to ampulla.

Normal pancreatic echotexture is hyperechoic rela-
tive to that of the liver. The degree of echogenicity is
determined mostly by the amount of the fat between
the lobules and acinar cells, but to a lesser extent by
interlobular fibrous tissue. In the adult, a highly echo-
genic pancreas is quite common, especially in older
age. When echogenicity is similar to peripancreatic fat,
the pancreas may not be easily recognized. Visual-
ization of the splenic vein may be greatly helpful in
identifying the pancreas in such cases since a large part
of pancreas lies immediately anterior to the splenic
vein.

The endocrine portion of pancreas is the islets of
Langerhans, which are groups of cells scattered
throughout the pancreas. They are usually not identifi-
able on ultrasonography.

2 SCANNING TECHNIQUE

Ideally the patient should fast overnight or for at least
6–8 hours, although in many patients the pancreas is
very well visualized without fasting. The purpose of
fasting is to prevent gastric contents, especially gas
bubbles from obscuring the pancreas. Since the stomach
is usually slightly inferior and anterior to the pancreas,
scanning from above the pancreas and angling the
transducer downward may allow one to visualize the
pancreas even if some gas is present in the stomach. Less
commonly, the stomach may overlie the pancreas. A
firm compression with the transducer during scanning is
frequently helpful for visualizing the pancreas in such
instances. Sometimes, scanning from below the gas-
filled stomach and transverse colon and angling the
transducer upward may also be helpful in visualizing
the pancreas in such cases. When the volume of gas in
the stomach is excessive or difficult to compress be-
cause of the large size of the abdomen, drinking a large
amount of degassed water or contrast material may
sometimes be helpful.

Since the distal part of the tail of the pancreas is
located near the splenic hilum, scanning the splenic hilar
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area usually clearly visualizes the tail of the pancreas
that usually lies immediately inferior to splenic vein.
A tumor in the pancreatic tail (Fig. 1) may be seen by
this approach.

Intraoperative scanning can be done with a high-
frequency (7.5–10 MHz) linear transducer. This will
show very good detail of the pancreas and adjacent
structures (Fig. 2). The transducer is covered with a
sterile sheath, which contains sterile gel. The pancreatic
area is filled with sterile saline, and the transducer is
placed on or approximately 1 cm above the pancreas (1).
The entire pancreas, the pancreatic duct, common bile
duct, superior mesenteric artery and vein as well as the
inferior vena cava and aorta are usually seen with very
good detail.

3 ISLET CELL TUMORS

The islets of Langerhans are the endocrine part of the
pancreas. The majority of islet cell tumors are func-
tional, but about one third are non-functioning (2). The
most common functional islet cell tumor is insulinoma
(60%), followed by gastrinoma (18%), whichmay cause
Zollinger-Ellison syndrome, VIPoma, which produce
the WDHA syndrome (watery diarrhea, hypokalemia,
and achlorhydria), glucagonomas, somatostatinomas
(delta-cell tumors), and carcinoid tumors (Fig. 1), which

produce serotonin and an atypical carcinoid syndrome.
The functional tumors are frequently small and difficult
to detect because hormonal hypersecretion leads to
early discovery. About 90% of insulinomas are less
than 2 cm in diameter (3) (Fig. 2). Although islet cell
tumors have been reported to be most common in the
tail of pancreas (54% of 82 tumors) (4), others reported
that insulinoma is most commonly found in the pancre-
atic head (62% of 44 solitary tumors) (1). The detection
rate by convetional ultrasonography is only 30–61%.
Some small tumors may be difficult to palpate even
during surgery.

Intraoperative ultrasonography may be very helpful
in such instances. In a series of 28 cases of intraoperative
ultrasound scanning, 4 insulinomas, which were not
palpable, were visualized by ultrasonography. On the
other hand, 2 superficial tumors were obscured in the
near field of a 10 MHz transducer, and 2 in the distal
pancreatic tail were not scanned because of lack of
surgical mobilization of the tail. The sensitivity for
detecting insulinomas by intraoperative ultrasonogra-
phy is 84% compared to 54% for angiography and 30%
for computed tomography (CT) (1). The combined
sensitivity of intraoperative ultrasonography and surgi-

Figure 1 A carcinoid tumor in the tail of pancreas. (Left)
Coronal scan from left upper flank region shows a mass
(between ‘‘+’’) with central calcifications located in the tail

of pancreas (arrowheads), which is inferior to the splenic
hilar vessels (arrows). The mass represents a carcinoid tumor.
S = spleen. (Right) Transverse scan from left upper flank

region shows the mass (between ‘‘+’’) located anterior to the
left kidney (K). S = spleen.

Figure 2 A 1.5 cm insulinoma detected on intraoperative
ultrasonography. (Left) Transverse scan shows a small mass
(arrowhead) in the head of the pancreas. smv = superior
mesenteric vein; V = inferior vena cava; A = aorta. (Right)

Longitudinal scan shows the 1.5 cm mass (arrowhead) in the
head of pancreas anterior to the inferior vena cava (V).
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cal palpation for detecting solitary insulinomas was
100%. Intraoperative ultrasonography may also con-
tribute significantly to the surgical management by
precisely demonstrating the relationship of insulinoma
to the pancreatic and common bile ducts and pancre-
atic blood vessels. Intraoperative ultrasonography may
differentiate malignant from benign islet cell tumors
by demonstrating ill-defined tumor borders, invasion
of surrounding pancreatic tissue or the pancreatic
duct (5).

Approximately 10% of islet cell tumors are multiple.
The sensitivity for detecting multiple islet cell masses
is low because many of these tumors may be smaller
than 1 cm (1). In a series of 59 insulinomas in 9
patients, the sensitivity for detecting these tumors was
as follows: conventional ultrasonography, 15%; intra-
operative ultrasonography, 36%; angiography, 29%;
CT, 8% (1).

The nonfunctional tumors are easier to detect be-
cause they reach a larger size before causing symptoms.

They usually range in size from 1 to 20 cm, frequently
being more than 10 cm in diameter (5).

The small islet cell tumors are usually hypoechoic
homogeneous solid masses, but some larger tumorsmay
be moderately echogenic, heterogeneous, and may con-
tain fluid-filled areas or cystic changes or calcifications
(5–9). The homogeneous solid masses are more likely to
be functional, and heterogeneous masses with cystic or
necrotic areas are more likely to be nonfunctional (2).
Solid islet cell tumors were usually indistinguishable
from those of adenocarcinoma of the pancreas except
that islet cell tumors tend to be hypervascular on color
Doppler study, although this is not always true (Fig. 3).
Five to 10%of insulomas are malignant. Histologically,
these tumors display little evidence of anaplasia and
may be impossible to differentiate from benign tumors.
The diagnosis is made in the presence of metastases or
local invasion (9). The metastases to the liver may
appear hypoechoic, near-isoechoic, or hyperechoic
and may have cystic changes. Different ultrasono-

Figure 3 An islet cell carcinoma in the tail of the pancreas with liver metastases. (Top left) Transverse scan shows a mass (arrows)

in the tail of the pancreas. The mass contains a small calcification. Arrows = normal head and body of pancreas. Color Doppler
study (not shown) did not showhypervascularity in the tumor. (Top right) Sagittal scan shows a near isoechoicmass (arrowheads) in
the anterior surface of the left lobe of the liver. (Bottom left) Sagittal scan of right lobe of the liver shows a hyperechoic mass

(arrowhead) with a central cavity in the posterior surface of the liver. (Bottom right) Sagittal scan more lateral toward the right
shows a small hypoechoicmass (arrowhead) in the liver. Themasses in the tail of the pancreas and left lobe of the liver were biopsied
under ultrasound guidance, and both proved to be islet cell carcinoma.
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graphic features of metastatic lesions may be present in
the same liver (Fig. 3).
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1 ANATOMY OF THE PANCREAS

The pancreas is a tongue-shaped retroperitoneal organ
(Fig. 1). It is located within the anterior pararenal space
along with the ascending and descending colon as well
as the duodenum. The pancreas is divided into the
uncinate process, head, neck, body, and tail. The long
axis of the gland most commonly follows an oblique
course with the head at the 8 o’clock position and the
tail at 2 o’clock. The normal dimensions of the pancreas
depend onmany factors, the most important of which is
age. The head should measure up to 3.0–3.5 cm, the
body up to 2.5 cm, and the tail up to 2.0 cm. Generally
the gland tapers in size from head to tail. Fatty infiltra-
tion of the gland lobules is common with age. This gives
the gland a more lace-like or feathery appearance. The
pancreatic duct runs through the entire length of the
gland and may measure up to 3.0 mm in the head and
gradually tapers to the tail. It is often partially visual-
ized, more commonly in thin section computed tomog-
raphy (CT). The common bile duct passes through the
pancreatic head before it joins the pancreatic duct near
the ampulla of Vater. The size of the common bile duct
(CBD) in the pancreatic head varies with age as well but
should never exceed 10 mm, often attaining the larger
diameters on patients post-cholecystectomy.

Anatomically the organ sits posterior to the stomach
with the potential space of the lesser sac between them.
The left lobe of the liver is anterior as well. The spine,
aorta, and inferior vena cava are posterior to the pan-

creas. The head of the organ sits within the duodenal
sweep. The tail extends up into the splenic hilum. The
transverse mesocolon attaches to the anterior aspect of
the gland.

There are important vascular landmarks related to
the pancreas. The splenic vein lies along the dorsal
aspect. The splenic vein and superior mesenteric vein
join at the portal confluence posterior to the pancreatic
head. The uncinate process extends between the supe-
rior mesenteric vein and the inferior vena cava (IVC).
The splenic artery usu-ally follows a tortuous, serpige-
nous course behind the organ. It can easily be mistaken
for pancreatic cysts or a dilated pancreatic duct on a
noncontrast scan by novice observers. Splenic artery
calcifications can also be mistaken for pancreatic cal-
cifications. The superior mesenteric artery originates
off of the aorta posterior to the body of the pancreas
with a fat plane separating the two. The gastroduodenal
artery runs along the anterior surface of the pancreatic
neck.

2 IMAGING TECHNIQUE

CT imaging of the pancreas has changed with the new
developments in CT technology. The goal of scanning a
patient with a suspected tumor is not only to establish
the diagnosis but also to localize the mass and evaluate
for the extent of disease. Noncontrast images of the
pancreas are useful for detecting calcifications as eval-
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uating the size and contour of the gland. For most
diagnostic studies intravenous contrast enhancement
is necessary. The pancreas should be imaged with thin
sections—3 mm or less. Helical scanners can cover the
pancreas with 3 mm slices in a single breath hold. Mul-
tislice scanners can cover the pancreas with as thin as 1
mm slices in one breath hold. The pancreas should be
scanned in both the arterial and portal venous phases.
An arterial phase scan is obtained by beginning scan-
ning 20–30 seconds after intravenous contrast is
injected. The portal venous phase occurs after a 70-
second delay. Since the pancreas is a very vascular gland,
it enhances readily with contrast. Therefore, most tu-
mors appear as hypo-attenuating lesions in both the
arterial and venous phases. However, there are a few
tumors that enhance more than the surrounding glan-
dular tissue on the arterial phase—particularly neuro-
endocrine tumors.

3 NEUROENDOCRINE TUMORS

Most tumors of the pancreas arise from the ductal
portion of the gland. These comprise the adenomas
and adenocarcinomas. The pancreatic parenchyma
gives rise to the neuroendocrine tumors. The majority
arises from the islet of Langerhans cells and are also
known as islet cell tumors (Fig. 2). They are rare tu-
mors with an incidence of 1.0–1.5 per 100,000 in the
general population (1). Approximately half of these
tumors are functional, meaning that they produce
clinical symptoms from the overproduction of a hor-
mone. The remainder are nonfunctional and come to
medical attention due to symptoms from tumor size.

The functional tumors include insulinoma, gastrino-
ma, glucagonoma, vasoactive intestinal peptide-oma
(VIPoma), somatostatinoma, growth hormone–releas-
ing factor-oma (GFRoma), adrenocorticotropic hor-
mone-oma (ACTHoma), parathyroid hormone–like-
oma (PTHoma), and neurotensinoma. There is only
one nonfunctional tumor, namely the pancreatic pep-
tide-oma (PPoma). It produces pancreatic polypeptide
and neuron-specific enolase, both of which have no
biological activity. Many islet cell tumors are composed
of a mixture of more than one cell type.

Insulinomas (Fig. 3) are the most common neuro-
endocrine tumors of the pancreas. They are predom-
inantly benign (90%) and tend to be solitary and small
(<2 cm) (2). Due to their small size they are difficult to
localize with CT preoperatively. Sensitivities ranging
from 12.5 to 36% have been reported (3–7). However,
these studies were performed on conventional dynamic
CT scanners using a single phase technique.More recent
studies performed on helical scanners with a dual phase
technique report sensitivities ranging from 82 to 86%
(8,9). Five to 10% of patients with an insulinoma
have multiple endocrine neoplasia (MEN)-1 syndrome.
MEN-associated insulinomas are more frequently mul-
tiple (10).

Gastrimomas are the second most common neuro-
endocrine tumors (11). The clinical manifestation of
the tumor is known as Zollinger-Ellison syndrome. As

Figure 1 Normal CT appearance of the pancreas.

Figure 2 A large nonfunctioning islet cell tumor in the

neck/body of the pancreas. The tumor is large as is typical
of these tumors since they produce no symptoms except by
mass effect. There is both hypervascularity around the pe-

riphery of the mass (long arrow) as well as calcification within
it (short arrow).
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opposed to insulinomas, gastrinomasarepredominantly
malignant (60–90%) (2). The tumors tend to be small,
and preoperative localization is difficult. Roughly 50%
of gastrinomas can be localized with CT (12–14), but
tumor size is a contributing factor, with the larger ones
more easily identified. These commonly appear hyper-
vascular as do the other neuroendocrine tumors. CT can
readily detect liver metastasis from malignant tumors
(12,15–17). A recent study showed a higher detection
rate for gastrinomaswhen a dual phase helical technique
was used (11). Approximately 20% of gastrinomas are
associated with MEN-1 (11). In fact, gastrinomas are
the most common neuroendocrine tumor of the pan-
creas associated with MEN-1. As with insulinomas,

MEN-associated gastrinomas are frequently multiple
and malignant (18). In addition, they are more com-
monly located in the duodenum (f70%) than in the
pancreas (f30%) (19).

Somatostatinomas, glucagonomas, VIPomas, GF-
Romas, ACTHomas, PTHomas, neurotensinomas,
and PPomas are exceedingly rare neuroendocrine
tumors. The diagnosis is often delayed due to the non-
specificity of symptoms; therefore, these tumors are
often large (>5 cm) at the time of diagnosis and easily
detected by CT (20). As is typical for neuroendocrine
tumors of the pancreas, they are hypervascular. Calci-
fication is also common in these tumors (21). They
have a high incidence of malignancy (22). Each of these
tumors can be associated with MEN-1, especially
GFRomas (11) and PPomas (23).
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1 INTRODUCTION

Neuroendocrine tumors of the pancreas are those aris-
ing from the islet cells. They are divided into physiolog-
ically functioning or nonfunctioning tumors. The
former commonly present with a clinical syndrome
resulting from the physiological effects associated with
hormone overproduction, and the latter present at a
later stage with local complications of a mass or meta-
static disease. Less commonly, patients will be evaluated
for a known pancreatic mass identified on some other
imaging modality.

2 GENERAL MAGNETIC RESONANCE

PRINCIPLES

The principle of magnetic resonance imaging (MRI) is
based on the inherent motion of hydrogen ion protons
within the tissues of the body (1). Each hydrogen ion has
a small magnetic field associated with it, which, when
placed in the magnetic field of the MRI, spins or
precesses at a different rate. The application of an
appropriate radio-frequency pulse sequence results in
differential motion of the protons and energy exchanges
when the protons move to a higher energy state. At the
end of the pulse sequence the protons return to their
equilibrium state and are said to relax. The term ‘‘relax-
ation time’’ refers to the rate of this process. This rate is

characteristic for a given tissue and is measured in the
form of a signal intensity or degree of brightness. The
two main relaxation times are T1 and T2.

On T1-weighted images, fluid is generally low in
signal intensity, or ‘‘dark,’’ and on T2-weighted images
fluid has high signal intensity, or is ‘‘bright.’’ T1-
weighted images are useful for depiction of anatomical
detail and is the sequence used after administration of
an MR contrast agent (1,2). The most commonly used
MR contrast agent is gadopentatate or gadolinium. It is
metabolized and excreted in much the same way as
iodinated contrast (in computed tomography) but has
a much higher safety profile (3,4). T2-weighted images
are important in identifying pathology.

The most difficult obstacle for abdominal MRI is
overcoming motion artifact from respiration as well as
peristalsis (7). Recent technological advances in MRI
now allow for breath-hold imaging in almost all se-
quences, which greatly reduces motion artifact. In
abdominal imaging, conventional spin echo (SE) tech-
niques have largely been replaced with gradient-recalled
echo (GRE) and fast spin echo (FSE) imaging sequen-
ces. On most MR machines these sequences are now
standard protocols for T1- and T2-weighted sequences,
respectively. Faster imaging also allows for a larger
volume to be imaged, or the same volume can be imaged
with higher spatial resolution in the same time.

The advantages of MRI over computed tomogra-
phy (CT) include greater tissue contrast resolution,
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the ability to obtain multiplanar images, the absence
of ionizing radiation, and the lack of nephrotoxity of
gadolinium.

A number of studies have compared MR with differ-
ent modalities in the diagnosis of general pancreatic
disease, concluding that while CT is still the modality of
choice for pancreatitis, MR has an increasing role in the
diagnosis of pancreatic tumors (7,8).

3 MRI OF THE NORMAL PANCREAS

The normal pancreas is intrinsically bright on T1-
weighted sequences and similar to or darker than the
liver on T2-weighted sequences (9–11) (Figs. 1, 2).
This relatively bright signal intensity on T1 is due to
aqueous protein contained within the acinar cells (12).
With advancing age the pancreas may undergo atro-

Figure 1 Axial T1 MR images of a normal pancreas (p) both in (A) and out of phase (B) demonstrate the intrinsic brightness of
the pancreas, which is similar in intensity to the liver (L). On axial T2 fat-suppressed FSE (C) and single-shot (D) sequences, the normal

pancreas is dark but still relatively iso-intense with the liver.
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phy, which is due to a combination of fibrosis as well
as fatty replacement (13). With advancing age the
signal intensity may decrease or increase when com-
pared to that of the liver. Now with improved spatial
and contrast resolution, even acinar lobular detail
and lesions less than 1 cm in size can usually be
delineated on a dedicated pancreas MR study. The
pancreatic duct, like the bile duct, follows the signal
of fluid and is dark on T1 and bright on T2 (Figs. 3, 4).
The pancreas enhances homogeneously with MR con-

trast agent gadolinium (14) (Figs. 5, 6). Aswith CT, a bi-
or triphasic study has been shown to be the most useful
in delineating the pancreas where best pancreatic
enhancement occurs almost immediately up to about
15 seconds and of the liver at 25 seconds or later (14)
(Fig. 6).

The conspicuity of the pancreas can be increased
further by the use of techniques that null the signal from
fat such that the surrounding retroperitoneal fat tissue
appears dark and the pancreas appears bright (Fig. 7).

Figure 2 Axial T1 in and out of phase (A and B) and T2 fat-suppressed FSE and single-shot (C and D) sequences in a different
patient shows similar characteristics of the normal pancreas (p) as see in Figure 1.
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These include fat-suppression (FS) and short tau inver-
sion recovery (STIR) sequences, of which the former has
been shown to be the most practicable (15,16).

An examination of the pancreas should, therefore,
include high-resolution scans through the pancreas with
assessment of the pancreatic duct, associated vascula-
ture, surrounding tissues, and the liver. Slice thickness
should be at least 5 mm or less. Imaging is optimal
at high field strengths of 1.0 T or greater. It should
include the following sequences: T1-weighted, GRE,
fat-suppressed sequence both with and without con-

trast (9,18), a T2-weighted FSE or single-shot (SS) se-
quence with or without fat suppression, and a thin-
slice, single-shot magnetic resonance cholangio-pan-
creatography (MRCP) sequence in at least one coronal
or axial plane to evaluate the pancreatic duct and com-
mon bile duct. Postgadolinium images should be in the
immediate postcontrast, arterial-capillary blush phase
and then at approximately 45 and 90 seconds after
contrast (2). Motion from bowel peristalsis can be de-
creased by using glucagon (19), which should be in-
jected intravenously, and the ingestion of an oral

Figure 3 Axial (A and B) and coronal (C) single-shot T2MR images of a normal pancreatic (small arrows) and common bile duct
(arrowhead) which are bright or hyperintense in signal intensity. In A and C the distal common bile duct (CBD) and the pancreatic
duct are seen adjacent to one another.
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contrast agent can further improve differentiation
between pancreas and adjacent bowel (20). Plain water
is usually sufficient as MR oral agents have not shown
to add to the examination (21).

4 MRI OF NEUROENDOCRINE

PANCREATIC TUMORS

The use of MRI in the evaluation of neuroendocrine
tumors is well documented. The most common ap-

pearance is low signal intensity or dark on T1 and
intermediate to high signal intensity or bright on T2
sequences (12,19,22,23) (Fig. 8). Tumors usually en-
hance early, reflecting their vascular nature (Figs. 9,
10). Homogeneous enhancement is most common, al-
though heterogeneous and ring enhancement have also
been demonstrated (12,24). This will in part depend on
the size of the tumor. The value, however, of differen-
tiating pancreatic masses using enhancement patterns is
still debatable, with its main value being in delineating
the peri-pancreatic vessels, including the veins, as well as
evaluating for metastatic deposits.

These findings have been confirmed by a number of
recent comprehensive reviews of the imaging features of
neuroendocrine tumors with pathological correlation
(24–26). They examined not only the frequency but the
spectrum of appearances for various types of pancreatic
neuroendocrine tumors. Occasionally some islet cell
tumors are high signal on T1 (26), which may be due
to complicating hemorrhage. Low signal intensity onT2
has also been demonstrated (27) usually due to an abun-
dance of fibrous tissue, whichmay also present with lack
of enhancement on contrast images (28). In such in-
stances differentiation from ductal-derived (7,29) and,
rarely, mixed ductal-acinar cell tumors (30) may be
difficult.

Hormone-producing tumors are usually small and
benign at presentation. Theymay bemultiple in number
and variable in location, following the classic descrip-
tion of being low signal on T1 and high signal on T2.
Nonfunctioning tumors tend to be larger on presenta-
tion. They are often solitary, and a larger percentage are
malignant (31). At least 50% are located within the pan-
creatic head. They may be complicated and contain
areas of calcification and cystic degeneration (32).Cystic
change is present in about 42% of tumors greater than
3 cm and will appear as more intense areas of dark and
bright signal on T1 and T2 sequences, respectively
(25,33) (Fig. 11). More specifically there may be thick-
ening of the cyst wall, irregularity of the inner surface,
intense rim enhancement and slight increased signal
intensity on T1, usually due to complicating hemor-
rhage or necrotic tissue (34). In the absence of bio-
chemical evidence of hormonal hypersecretion,
differentiation from other pancreatic cystic tumors is
impossible and histological, sampling is necessary (35).

Local complications of pancreatic neuroendocrine
tumors include invasion of adjacent vessels, most com-
monly the intrapancreatic portions of the portal and
splenic veins, with resultant cavernous transformation
of the occluded vessels. Less commonly the renal and
superior mesenteric veins may be involved (36). Unlike

Figure 4 Coronal single shot T2 (A) and thick-slab (B) MR
images of the CBD (arrowhead) and pancreatic duct (arrows)

in a different patient. Note again that these fluid-containing
structures, including the gall bladder (gb), are bright.
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adenocarcinomas, however, these tumors do not encase
the mesenteric vessels and also do not obstruct the
pancreatic duct (Fig. 11).

Traditionally CT has been the main form of imaging
for pancreatic neuroendocrine tumors. Sonography and
contrast-enhanced CT are the most commonly used
preoperative imaging methods because of their rela-
tively low cost and widespread availability (37). Histor-
ically a number of studies compared the sensitivity and
specificity for the detection of islet tumors using differ-
ent modalities (31,38–41). Results were variable regard-

ing the sensitivity of MR for primary lesion detection.
With new advances in MR, however, diagnostic accu-
racy has markedly improved, and a recent study (27)
found that dual-phase CT in the portal venous phase
andMRwith delayed enhancement are equally effective
in detecting islet cell tumors with sensitivities of about
70%. Results do vary slightly, however, depending on
sequences used with T1 fat-suppressed gradient echo
and T2 FSE sequences demonstrating a sensitivity of
85% for primary lesions (18). Results also vary with the
specific type of islet cell tumor being more sensitive for

Figure 5 Axial T1 fat-suppressed postgadolinium MR images in the immediate (A and B) and delayed (C) phases. The normal
pancreas (p) enhances early and homogeneously.
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insulinomas, which are usually intrapancreatic (42–44),
and less sensitive for gastrinomas (19,31,45–47), which
are commonly extrapancreatic in location (48).

4.1 Metastases

While the value ofMR in the preoperative evaluation of
primary tumors is controversial, it has an important role
in the evaluation of metastatic disease. Although soma-
tostatin receptor scintigraphy has become the principal
modality for detecting metastatic disease (49), MR has

been shown to be superior in further localizing and
characterizing metastases in the initial staging phase as
well as in monitoring response to treatment (40,45).

Metastatic sites include regional lymph nodes, liver,
and bone in 50, 30, and 7% of cases, respectively (50).
The presence of liver lesions is considered the major
criterion for malignancy and a more useful predictor of
survival (51,52) as the histology of the primary tumor
has been shown to be unreliable (53). Splenic metastases
have also been demonstrated in up to 10% of patients,
occurring due to the venous communication between

Figure 6 Axial T1 fat-suppressed postgadolinium MR images in a different patient demonstrate optimal enhancement of the
pancreas (P) and peri-pancreatic vessels (arrow) immediately following contrast injection (A). The liver (L) enhances at a slightly
later phase (B–D).
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the two organs (24). Bony metastases, which are most
commonly located in the axial skeleton (50,54), usually
only occur in the presence of liver metastases and also
indicate a poor prognosis. Lesions are hypointense on
T1 and enhance postcontrast (55). They may also be
hyperintense on T2-weighted images (50).

Liver metastases are usually hypointense or isoin-
tense on T1 and hyperintense on T2 (Fig. 12). Enhance-
ment with gadolinium is usually early and transient and
largely heterogeneous (41,56) and does not show

peripheral nodularity (Fig. 13). Most important, in the
presence of liver lesions, is the differentiation from
hemangiomas and other benign hepatic lesions such as
hepatic cysts. This may particularly be difficult in gas-
trinoma (57) and has also been seen with VIPomas (46),
where hepatic metastases are intensely bright on T2
sequences. In most cases the use of a long TE T2-
weighted sequence will differentiate metastases as inter-
mediate or low signal intensity, whereas a hemangioma
or cyst will remain high in signal intensity (22) (Fig. 11).

Figure 7 Axial T1 (A) and T2 (B) MR images of a normal pancreas (p), both with fat suppression, which increases the
conspicuity of the pancreas by nulling the signal from the surrounding fat (f ).

Figure 8 Axial T1 (A) and single-shot T2 (B) MR images of a pancreatic head mass (arrow) which is iso- or hypointense to liver
(L) on T1 and hyperintense on T2. This was subsequently proven to be an insulinomia. (Courtesy of J. Goldman,Mt. SinaiMedical

Center, New York.)
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On the nonenhanced sequences, however, their appear-
ances may be identical.

Delayed postcontrast images have been shown to be
the most useful in equivocal cases. Metastases are hy-
pointense to normal liver, and hemangiomas show pe-
ripheral nodularity and progressive filling-in to produce
more intense enhancement over time (57). Some studies
have also used MR contrast agents containing super-
paramagnetic iron oxide particles (58), which has been
shown to be useful in the evaluation of hepatic lesions
(59). Metastases may also enhance with the intrahepatic
contrast agents (60) such as mangafodipir, which, al-
though now used in the liver and biliary tree, were ac-
tually initially developed for the pancreas (61–63).

The lungs, mediastinum, peritoneum, and rarely the
brain may also be involved in metastatic disease. Apart

from the brain, CT is superior in delineating disease
extent at these latter sites (64).

4.2 Specific Syndromes

4.2.1 Insulinomas

Insulinomas, the most common (60%) of the islet
cell tumors, are single, intrapancreatic, small in size
(mean<2 cm), and benign. About 4% will occur as
part of the MEN-1 syndrome (31). They are generally
uniformly distributed throughout the pancreas. As with
most islet cell tumors, they are usually hypointense or
dark on T1 and hyperintense or bright on T2 and
homogeneously enhance with gadolinium on immediate
postcontrast images (65,66) (Figs. 8, 9). Larger tumors,
although uncommon, may show ring enhancement.

Figure 9 Axial T1 pre (A) and postgadolinium (B–D) MR images of the same patient demonstrating early, but slightly

heterogeneous, enhancement of the mass (m). (Courtesy of J. Goldman, Mt. Sinai Medical Center, New York.)
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Displacement rather than invasion of the pancreatic
duct (67) has been reported, as has tumor thrombus in
the portal vein (68). In rare cases if liver metastases do
occur, they may show homogeneous and ring enhance-
ment irrespective of size (12).

4.2.2 Gastrinomas

Gastrinomas account for about 18% of islet cell tumors
and are most commonly small in size. Compared to
insulinomas, however, they are frequently multiple and
extrapancreatic, and at least 60% are malignant. Up to
90% are located within the gastrinoma triangle, and
approximately 45% are located within the duodenal
wall, thus making preoperative localization much more

difficult. Other ectopic sites have been reported (69),
including a primary intracardiac location (70). They are
usually hypointense or dark on T1, hyperintense or
bright on T2, and show ring-like enhancement on
immediate postcontrast images. They are generally less
vascular than insulinomas. Liver metastases also dem-
onstrate the ring enhancement, which helps to differ-
entiate them from hemangiomas (57).

4.2.3 Glucagonomas, Somatostatinomas,
VIPomas, and Other Rare Endocrine
Tumors of the Pancreas

These form a small subset of the islet cell tumors and
are usually large at presentation. They usually arise in

Figure 10 Axial T1 pre- (A) and postgadolinium (B and C) MR images of the primary tumor (arrows) seen in Figures 12 and
13 show homogeneous enhancement with contrast. (Courtesy of J. Goldman, Mt. Sinai Medical Center, New York.)
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Figure 11 Axial T1 (A), T2 (B), and postgadolinium (C) MR images of a large (>3 cm) mass in the body of the pancreas (m). It

contains a large cystic area (c), which follows fluid signal and shows no enhancement with contrast. Note that the mass is draped
over, but does not invade, the mesentric vessels, which is typical for islet cell tumors. Incidentally, there is also a lesion in the right
lobe of the liver, which also follows the signal of fluid and is in keeping with a hepatic cyst (arrowhead). (Courtesy of J. Goldman,

Mt. Sinai Medical Center, New York.)

Figure 12 Axial T1 (A) and fat-suppressed T2 (B) MR images demonstrating diffuse hepatic metastases in a patient with a mass

in the tail of the pancreas (arrow), which is dark or hypointense on both sequences. Hepatic metastases (arrowheads) are
characteristically dark on T1 and bright on T2, but this patient has such diffuse disease that the lesions are no longer focal.
(Courtesy of J. Goldman, Mt. Sinai Medical Center, New York.)
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the body and tail of the pancreas, although ectopic
sites have been demonstrated (71,72), and are fre-
quently malignant with metastatic lesions (73–76). Sig-
nal intensity characteristics are variable depending on
the size of the tumor and the absence or presence of
complications.

4.2.4 Association with Non-MEN Inherited
Neoplastic Syndromes

Von Hippel-Lindau (VHL) disease is a hereditary
syndrome characterized by a predisposition for bilat-
eral and multicentric retinal angiomas, hemangioblas-
tomas in the central nervous system (CNS), renal cell
carcinomas, pheochromocytomas, islet cell tumors of
the pancreas, endolymphatic sac tumors, as well as

cysts in the kidney, pancreas, and epididymis (77,78).
The signal intensity of the pancreatic tumor is usually
similar to that of primary neuroendocrine tumors.

4.2.5 Differential Diagnoses

Pancreatic Carcinoma. Pancreatic tumors arising
from ductal cells are far more common than islet cell
tumors but, at times, may be difficult to differentiate
from the latter. They are usually dark or hypointense on
both T1 and T2 and show variable enhancement. They
are also more likely to show areas of hemorrhage,
necrosis, and cystic change (7,29) (Fig. 14).

Pancreatic Cysts/Pseudo-Cysts Pancreatic cysts
are most commonly associated with a history of

Figure 13 Axial T1 fat-suppressed postgadolinium (A and B) MR images demonstrating marked enhancement of the primary
lesion (arrow) (M) and the hepatic metastasis (arrowheads). (Courtesy of J. Goldman, Mt. Sinai Medical Center, New York.)

Figure 14 Axial T1 fat-suppressed immediate postgadoliniumMR images (A andB) of a hypo-intense mass (arrow) in the body of
the pancreas, which was proven to be a ductal-derived tumor. There is almost no enhancement with contrast.
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pancreatitis. Although, like islet cell tumors, they are
dark on T1 and bright on T2, they are usually easy to
identify as fluid-containing structures and show no
enhancement with contrast (12,22,24) (Fig. 15).

5 FUTURE DIRECTIONS

MR is being increasingly utilized in the pre- and post-
operative evaluation of pancreatic transplants. The
combined use of MR and MR angiography has been

found to be as accurate as conventional angiography
(79), but the major advantage is the lack of nephrotox-
icity of gadolinium and the ability to also evaluate the
soft tissue structures.

6 CONCLUSION

Despite all the recent advances in MR technology, the
choice of preoperative imaging for pancreatic neuro-
endocrine tumors remains controversial and will con-

Figure 15 Axial fat-suppressed T1 (A), and single-shot T2 (B), and T1 fat-suppressed postgadolinium (C) MR images of a
pseudo-cyst in the tail of the pancreas (arrow).
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tinue to depend on the specific clinical problem, local
expertise, and availability of imaging techniques. It
should, however, be the examination of choice in pa-
tients with compromised renal function or renal disease
and probably in pregnant mothers.
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1 INTRODUCTION

Somatostatin receptors (SSR) are expressed by the ma-
jority of neuroendocrine tumors, including pancreatic
endocrine tumors. Several subtypes of SSR exist. SSR
subtype 2 predominance has been found in 80% of pan-
creatic endocrine tumors (1). Octreotide, a somatostatin
analogue used to treat selected symptomatic patients
with neuroendocrine tumors, binds to SSR subtype 2
and subtype 5. Indium-111 (In-111)–labeled octreotide
is the most commonly used radiotracer for imaging of
pancreatic endocrine tumors. Readers interested in de-
tails of the imaging protocol are referred to guidelines
published by the Society of Nuclear Medicine (2).

Other radiotracers used in selected cases of neuro-
endorine tumors include iodine-131 (or iodine-123)
meta-iodobenzylguanidine (MIBG), a norepinephrine
analogue, and fluorine-18 fluorodeoxyglucose (F-18
FDG), a positron-emitting radiotracer. More detailed
information regarding these radiotracers is presented in
Chapter 31.

This chapter discusses the role of radionuclide imag-
ing in the diagnostic evaluation of pancreatic endocrine
tumors. Therapeutic applications of radiolabeled com-
pounds will not be discussed.

2 SOMATOSTAIN RECEPTOR

SCINTIGRAPHY

On a normal In-111 octreotide scan, the spleen and kid-
neys are typically most intense, followed by the liver
(Fig. 1). The scan also shows varying levels of radio-
activity in the bowel and bladder. The thyroid and
pituitary glands are occasionally visualized. The gall-
bladder is also often visualized, which may be mis-
interpreted as a hepatic lesion. A fatty meal or chole-
cystokinin may be given to contract the gallbladder.
Activated lymphocytes express somatostatin receptors,
so any inflammatory site or recent postsurgical wounds
should be carefully evaluated.

Investigators have reported that false-positive find-
ings with somatostain receptor scintigraphy (SRS) is
rare (3–5). Although false-positive findings were found
to be as high as in 12% in a series (6), these findings
would probably not confuse experienced readers. Extra-
abdominal false-positive localizations were more com-
mon than intra-abdominal. Thyroid disease, breast
disease, and granulomatous lung disease were reported
to be the most frequent causes of extra-abdominal false-
positive uptake. Causes of intra-abdominal false-pos-
itive uptake included accessory spleens and uptake in
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previous surgical sites. Urine activity in dilated renal
calyces can also mimic a tumor.

Accurate staging is essential for the optimal manage-
ment of patients with neuroendocrine tumors (Fig. 2).
SRS using In-111 octreotide has been extensively eval-
uated in patients with pancreatic endocrine tumors for
approximately 15 years. In a large European multi-
center trial (7), the sensitivity of SRS was 100% for the
detection of glucagonomas, 88% for VIPomas, 73%
for gastrinomas, 82% for ‘‘nonfunctioning’’ islet cell
tumors, but only 46% for insulinomas.Obviously, false-
negative studies occur due in part to diminished or ab-
sent tumor somatostatin receptors, an inherent limita-
tion (8). Insulinoma cells are reported to express rela-
tively low SSR subtype 2.

Single photon emission computed tomography
(SPECT) of the liver and abdomen (Fig. 3) must be
performed in all cases as physiological liver and bowel
activity may obscure lesions in the liver and abdomen
on the planar images. SPECT imaging detected 25%
more liver metastases compared with planar imaging
(9). SPECT imaging has been reported to improve the
sensitivity (87.5% vs. 44% of planar imaging) even for

Figure 1 A normal In-111 octreotide scan showing physio-
logical activity in the spleen, kidneys, liver, bowel, and urinary
bladder. Minimal activity is seen in the pituitary (arrow), with

a trace of activity also noted in the thyroid bed region.

Figure 2 In-111 octreotide scans performed in two patients with gastroenteropancreatic endocrine tumors. Patient A has
extensive skeletal metastatic disease, whereas Patient B has multiple large and small metastatic lesions confined to the liver only.
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the detection of insulinoma, for which SRS is generally
known to be quite insensitive (10).

3 SRS VERSUS CONVENTIONAL IMAGING

TECHNIQUES AND CLINICAL ROLES

Several prospective studies have shown that SRS has
both higher sensitivity and higher specificity for detect-
ing gastroenteropancreatic (GEP) endocrine tumors.
SRS has also been reported to alter the management
in a significant proportion of patients.

In a prospective study of 122 patients with Zollinger-
Ellison syndrome, SRS altered management in 47% of
patients. Primary tumor localization and clarification
of equivocal localization results from conventional
imaging studies [ultrasonography, computerized to-
mography (CT), magnetic resonance imaging (MRI),
angiography, and bone scan] were the principal reasons
for altering management (Fig. 3) (11). In another pro-
spective study including 160 patients with biologically
and/or histologically proven GEP tumors, the results
of SRS modified patient classification in 38 cases
(24%) and changed surgical therapeutic strategy in 40
patients (25%) (12). SRS seems particularly valuable
in detecting extrahepatic tumor sites and lymph node
metastases not detected by anatomical imaging tech-
niques in patients with gastrinoma as well as other
neuroendocrine tumors (13–16). SRS also outperforms
CT or ultrasonography in detection of the unknown pri-
mary tumor (16).

Most investigators feel that SRS should be the initial
imagingmodality for patients with pancreatic endocrine
tumors because of the ability of SRS to alter clinical
management combined with its superior sensitivity,
high specificity, simplicity, and cost-effectiveness. Insu-
linoma would be an exception to this. Endoscopic
ultrasonography has been proposed as the first choice
of localization method for insulinoma by one group
(17). In a preliminary investigation, 8 of 10 insulinomas
were detected on iodine-123–labeled vasoactive intesti-
nal peptide (VIP) scintigraphy (18).

4 OTHER CLINICAL ROLES OF SRS

4.1 Prediction of Response to Somatostatin

Therapy

It has been suggested that a positive scan predicts a good
suppressive effect of octreotide on hormonal hyper-
secretion by pancreatic endocrine tumors (19).

4.2. Radioguided Intraoperative Probe

Localization

It has been reported that intraoperative gamma probe
examination is able to reveal small gastroenteropancre-
atic tumor sites accumulating In-111 octreotide more
efficiently than scintigraphy alone. Lesions as small as 5
mm can be detected using the gamma probe (20,21),
whereas SPECT imaging failed to visualize any lesion
small than 9 mm (21). The feasibility of detecting occult
endocrine tumors using radioguided intraoperative
probe has also been demonstrated (22).

Figure 3 A patient with Zollinger-Ellison syndrome in
whom conventional imaging showed several hepatic lesions

but no primary tumor could be found. An In-111 octreotide
study was ordered. (A) The whole body planar octreotide
images show vague focal activity in the liver (thin arrow) and
a focus in the epigastric region (thick arrow), which may

represent a part of bowel activity or a tumor. (B) Transverse
(2 top panels) and coronal (2 bottom panels) SPECT images
clearly demonstrate multiple hepatic lesions as well as a

tumor in the pancreatic bed. At surgery, a gastrinoma in the
body of pancreas was found.
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4.3 Differential Diagnosis Between

Nonfunctioning Islet Cell Tumors

and Pancreatic Duct Cancers

It has been suggested that SRS has a place in the
preoperative differential diagnosis of islet cell tumors
and pancreatic duct cancers as well as in the follow-up,
especially in patients in whom no tumor histological
analysis was initially obtained or when the pathological
examination of the tumor tissue had not included spe-
cial staining procedures for neuroendocrine character-
istics (23). In this series, SRS visualized the primary
pancreatic islet cell tumor as well as previously unrecog-
nized metastases in 31 (65%) of 48 patients, but none of
the 26 pancreatic adenocarcinomas or their metastases.

Interestingly, SRS revealed metastatic lesions in 5 of the
12 patients who were alive more than 3 years after
pancreaticoduodenectomy for pancreatic duct adeno-
carcinomas. It was subsequently realized that these 5
patients were not operated on for adenocarcinomas but
for ‘‘nonfunctioning’’ islet cell tumors.

4.4 Influence of Somatostatin Analogue Therapy

on SRS

It has been recommended that somatostatin therapy be
withdrawn before scintigraphy because of potential
saturation of the receptors by unlabeled somatostatin,
which could result in false-negative studies (24). How-
ever, more recent studies suggest that tumor-to-back-

Figure 3 Continued.
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ground ratio actually increases during treatment with
somatostatin analogue compared to the studies per-
formed before the treatment (25,26).

5 OTHER RADIONUCLIDE TECHNIQUES

5.1 SRS Versus Bone Scintigraphy

In a prospective study comparing bone scintigraphy,
MRI, and SRS for identifying bone metastases in 115
patients with gastrinomas, SRS and MRI had a higher
sensitivity and specificity than bone scintigraphy (27).
Between SRS and MRI, SRS was the recommended
procedure for screening for bone metastases because
bone metastases can occur initially outside the axial
skeleton. Another group reported that in patients with
GEP tumors, all 19 patients with proven bone metas-
tases had positive SRS and 17 of the 19 had positive
bone scintigraphy, although there was no statistically
significant difference (28).

5.2 Radiolabeled MIBG Imaging

There is wide variation in the reported sensitivity of
MIBG studies in pancreatic endocrine tumors. The
reported combined sensitivity (from three reports in
the 1980s) is 60% (24). MIBG imaging detected only
one of 12 (9%) islet cell carcinomas compared to 11 of
12 patients (92%) with positive octeotide scintigraphy
in a recent series (29). Regardless of this variation, SRS
is clearly superior in this patient population. MIBG
imaging may be helpful in SRS-negative cases.

5.3 Positron Emission Tomography

Fluorine-18 fluorodeoxyglucose is a glucose analogue.
Aggressive and proliferative growth of tumors is typi-
cally associated with increased uptake of this tracer. As
in other tumors, neuroendorine tumors with increased
FDG uptake also seem to be characterized by rapid
growth or aggressive behavior (30). Other investigators
have also shown that well-differentiated neuroendo-
crine tumors with low proliferative activity tend to
concentrate octreotide but not FDG, while less differ-
entiated tumors with high proliferative activity tend to
concentrate FDG but not octreotide (31).

6 CONCLUSIONS

Somatostatin receptor scintigraphy using In-111 oc-
treotide is an accurate, cost-effective technique in the

diagnostic evaluation of most pancreatic endocrine
tumors except for insulinomas. SRS is valuable in the
localization of the primary tumor in symptomatic
patients, in the localization of occult primary tumors
in patients with metastases, in staging for optimal treat-
ment, and in assessing receptor status of the tumor
and predicting the outcome of treatment with somato-
statin analogue.
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1 INTRODUCTION

Insulinomas are fascinating tumors in terms of their
great diversity in symptoms, the difficulties in estab-
lishing the diagnosis, and the operative challenge. Al-
though many patients present with obvious symptoms
and a clear biochemical diagnosis and the operation is
straightforward, other cases may offer the surgeon great
difficulties. The main problems are the sometimes non-
specific symptoms not recognized as hypoglycemia, with
potential devastating consequences, including perma-
nent hypoglycemic brain damage, the sometimes diffi-
cult localization procedures as well as need for correct
intraoperative decisions, and the potential of malig-
nancy or multiple tumors as in multiple endocrine neo-
plasia type 1 (MEN-1). Insulinoma is the most common
of several causes for organic hyperinsulinism. A review
of this small, often benign, but still dangerous tumor is
presented in this chapter.

2 HISTORY

The accumulation of knowledge about insulin and
insulin-producing tumors began in the 1920s, when
Banting and Best discovered insulin (1), and the first
attempt to surgically cure a patient with an unresectable
insulin-producing tumor was performed by William J.
Mayo (2), followed by the first successful resection of an
insulinoma (3). The development of precise diagnostic

methods, the introduction of sensitive localization
tools, and minimally invasive surgical techniques have
all improved our management of these patients.

3 DEMOGRAPHICS

Insulinoma is one of several causes for organic hyper-
insulinism. The annual incidence is low—about 4 in 1
million population (4). Epidemiological data of classical
insulinoma patients describe a median age of approx-
imately 48 years, but with a considerable range. In the
literature, patients from 8 to 88 years of age are re-
ported. Slightly more than half are females (f58%),
7% are ultimately found to suffer from MEN-1, and
approximately 8–10% are found to be malignant (4–6).

4 CLINICAL FEATURES

The classical symptoms related to insulinoma described
byWhipple and Frautz (7) are (1) symptoms from hypo-
glycemia like feeling of hunger, tremor, dizziness, etc.,
(2) plasma glucose levels less than 50 mg/dL, and (3)
relief of symptoms after glucose administration. In a
recent survey of 65 patients operated on for organic
hyperinsulinism, the majority of the patients suffered
from these symptoms. However, a majority of the pa-
tients also had other symptoms that proved misleading
(6). The symptoms are classically divided into neuro-

527



glycopenic and sympathethic. The neurological symp-
toms are the most common, but also most diverse, and
range from blurring of vision, diplopia, and headache
to paresthesia or even paralysis, most often in the legs
(8). The patients often undergo thorough neurological
investigations before the diagnosis of hypoglycemia is
clear. Some patients also suffer from multiple seizures
and may be diagnosed as having epilepsy. In various
reports, a fourth to a third of the patients had received
different neurological diagnoses before the hypoglyce-
miawas appreciated (6,9). Psychological symptomsmay
be most apparent to the relatives of hypoglycemic
patients. They often described personality changes, var-
ious degrees of confusion, and aggressiveness or demen-
tia-like behavior, which often occur fleetingly and are
sometimes difficult to recognize, except by the closest
relatives. Hypoglycemia may lead to coma in about a
third of the patients. Hypoglycemia, whether associated
with coma or not, has the risk of causing permanent
brain damage and persistent personality changes even
after a surgically successful operation (5). Although
Whipple’s symptomatic triad often is present, it is often
not recognized immediately. The neuroglycopenic
symptoms, which may be vague and difficult to appre-
ciate, are often the only signs of the underlying insuli-
noma and should always suggest a diagnosis of hypo-
glycemia due to organic hyperinsulinism (8).

The neuroglycopenic symptoms may be accompa-
nied by a sympathethic neural response with sweating,
weakness, hunger, tremor, nausea, and palpitations.
Another common symptom is weight gain, a result of
the increased intake of carbohydrates over a long time
period. The symptoms may vary among the hypoglyce-
mic individuals, although each patient seems to respond
similarly during each attack. The symptomsmay lead to
various incidents among the patients, including the
relatively high frequency of patients involved in traffic
accidents (6). The onset of symptoms may precede the
diagnosis by a considerably long interval—in one Euro-
pean study an average of 3.1 years and in the Mayo
Clinic series 46 months—and individual patients may
have suffered several decades before diagnosis, as was
the case of one patient in the Mayo series who had a 52-
year-long history (6,10).

5 PHYSIOLOGY AND PATHOPHYSIOLOGY

Proinsulin is produced in the pancreatic h cell and
before secretion cleaved into insulin and the remaining
C-peptide (11). The secretory granules consist of equal
molar amounts of insulin and C-peptide, which is im-
portant in the diagnostic assay (see below). In addition,

exogenously administered insulin contains no C-pep-
tide, which together with the longer half-life of C-pep-
tide makes serum levels of this cleavage product an
important marker to discover the occasional patients
with facticious hypoglycemia due to self-administration
of insulin or oral sulfonylurea preparations. Such indi-
viduals do occur (12) and are reported among patients
who have undergone diagnostic and even operative
procedures for supposed organic hyperinsulinism and
hypoglycemia (6,13).

The unregulated autonomous secretion of insulin is
characteristic of an insulin-producing tumor. Thus,
even though serum glucose levels decline, and may wor-
sen during fasting or physical exercise, the insulin level
remains at the same level, although not necessary
pathologically high. Although the most frequent tumor
is the small (<2 cm) and benign one, other patients
present with larger and obviously malignant and meta-
static tumors. Patients with such insulin-producing
malignant tumors have poor survival prospects, often
less than 1 year, and unless a life-saving procedure is
needed, surgery is rarely performed. Some patients suf-
fer from large pancreatic tumors classified as nonfunc-
tioning, and many patients with malignant tumors may
secrete a high proportion of proinsulin, proposed as a
marker of a more malignant feature.

Occasional ovarian carcinomas may rarely produce
insulin. In addition, insulin growth factor-II may, if
secreted in sufficient amounts, also cause hypoglycemia
by binding to the insulin receptors. Such a mechanism
may rarely be seen in hepatocellular carcinoma and
breast carcinoma (14,15).

The cause for insulinoma is obscure. In a minority of
patients, hereditary genomic derangements are present,
such as mutation in the menin gene in MEN-1. In one
series this gene was not found to be involved in sporadic
cases (16). Other reports demonstrate a gain at chromo-
some locus 9q34 in insulinomas and a potential tumor
suppressor gene on chromosome 3p in the development
of malignant tumors (17,18).

6 BIOCHEMICAL ASSAYS

6.1 Basal Measurements

The traditional diagnostic approach in suspected insu-
lin-producing tumors includes measurements of s-glu-
cose (and s-insulin) during a crisis, after a prolonged
fast, and during physical exercise. Basal levels during
a symptomatic event are in many cases diagnostic (6),
and the diagnosis of insulinoma should be suspected if
glucose levels are less than 40 mg/dL (2 mmol/L). In
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addition, a normal serum glucose level during a crisis
excludes insulinoma as a diagnosis. Serum insulin is
nowadays measured by highly sensitive immunoradio-
metric or enzyme-linked immunological methods. The
s-insulin level may, however, not be raised when mea-
sured during a hypoglycemic attack; in one series only
10 out of 29 patients had elevated s-insulin (6).However,
lack of feedback regulation of insulin secretion in
patients with hypoglycemia implies that a detectable s-
insulin in patients with s-glucose <40 mg/dL (2 mmol/
L) supports a diagnosis of insulinoma (19). Some
authors have advocated measurements of the insulin/
glucose ratio as a more sensitive diagnostic tool (10,20).
The limitations for the successful use of this method are
supported by the finding that only 2 out 15 patients
reported by Hellman et al. (6) reached the proposed
pathological ratio of 0.4 (s-glucose measured in mg/dL
and s-insulin in AU/mL), and in aMayo series only 19%
had a ratio of <0.3 (19). Proinsulin may be selectively
measured by specific assays, and also reported to be
pathologically high in insulinoma patients (21). The
normal ratio of proinsulin/insulin of 20% is thus
exceeded in insulinoma patients, and ratios above
50% have been proposed to indicate malignancy, con-
sistent with excess secretion of the more immature
proinsulin peptide. However, there are few reports in
the literature that clarify this approach.

In patients who have cross-reacting circulating insu-
lin autoantibodies, diagnostic testing is difficult, and the
results may mimic insulinoma (22). On the other hand,
C-peptide levels may still be indicative of the diagnosis
in these patients.

6.2 Provocative Testing

6.2.1 Fasting Test

The most frequently used diagnostic test is a prolonged
fast aimed at lasting 48–72 hours (5,20). The fastmust be
supervised since the patient may develop symptoms, but
also to hinder patients from taking food to reduce the
developing symptoms. The latter is not unusual and
must be clearly explained to the patients. It is unusual
that patients with insulinomas reach 72 hours of fasting.
In one series only 2 out of 56 patients managed to suffer
through the 48 hours the test was planned for (6).
Diagnostic assays of the fasting test are s-glucose and
s-insulin levels, as well as the insulin/glucose ratio.
Supportive are developing neuroglycopenic symptoms.
The diagnosis of organic hyperinsulinism has been
reported to be precise in 70–80% after a 24-hour, in
90–95% after a 48-hour, and in 98–100% after a 72-
hour fast (23,24). The test is discontinued when the

patient develops severe symptoms. Blood samples for
s-glucose and s-insulinmeasurements are drawn initially
and regularly during the fasting period. In addition,
samples for C-peptide levels, h-hydroxybutyrate, and
sulfonylurea are drawn to detect signs of exogenously
administered drugs. In case of an insulinoma, insulin/
glucose ratios during a fast should slowly rise as the s-
glucose levels falls, since the autonomous s-insulin level
remains. Thus, a pathological insulin/glucose ratio pro-
file is indicative of an insulinoma (25). In one series the
insulin/glucose ratios were above 0.4 in 86% of the
patients at the end of the fast (6). The fasting test has a
high positive predictive value, while a negative result is
difficult to interpret and does occur in patients who had
successful resection of insulinoma. Also, unusually low
levels of s-insulin in association with hypoglycemia have
been documented in insulinoma patients (26).

If the diagnosis is still uncertain after the fasting test,
the test should be repeated. In addition, there are a
number of different provocative tests that can be used.

6.2.2 Tolbutamide Test

Tolbutamide stimulates insulin secretion and causes a
hypoglycemic response and seems to cause an exag-
gerated release of insulin from insulinoma cells com-
pared to normal h cells. If tolbutamide is infused during
a 2-minute period, s-glucose should decrease by 50%
after 30 minutes followed by a return to normal levels.
Sustained hypoglycemia and associated hyperinsulin-
emia 3 hours after tolbutamide infusion is indicative of
insulinoma. The test is positive in 80% of the cases (10),
but is rarely used nowadays.

6.2.3 C-Peptide Suppression Test

Exogenous insulin—not containing C-peptide—is in-
fused to produce hypoglycemia less than 40 mg/dL.
Normal individuals suppress their endogenous insulin/
C-peptide secretion during the infusion, while insulino-
ma patients present with persistently elevated C-peptide
levels, due to the autonomous secretion from the tumor
(27). However, the test is not specific for insulinoma
(28), and is rarely used.

7 LOCALIZATION

7.1 Noninvasive Methods

7.1.1 Background

The majority of the literature has concluded that the
best method for localizing an insulinoma is intra-
operative palpation and intraoperative ultrasound.
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Therefore, some authors have questioned the use of
preoperative localization procedures (29). However,
preoperative radiological examinations should always
be performed, not for localization of the insulinoma, but
to rule out hepatic and lymph node metastases. Indeed,
there are authors who conclude that preoperative local-
ization procedures are helpful in selected cases (20). An
obvious fact is that none of the noninvasive localization
procedures used—transabdominal ultrasound (US),
computed tomography (CT), magnetic resonance imag-
ing (MRI), octreoscan (OCT), or positron-emission
tomography (PET)—have been a success. Sensitivity
figures ranging from 11 to 64% have been reported in
different series (9,13,20,30–32). All authors agree that
indications for surgery is a clear biochemical diagnosis
and that preoperative localization is unnecessary. How-
ever, in certain situations, especially in cases of reopera-
tion, localization, including invasive methods, may be
very helpful. Reoperationmay be needed in theminority
of patients who have undergone a negative open lapa-
rotomy or laparoscopy (insulinoma ‘‘not found’’?, nesi-
dioblastosis?), who develop recurrent insulinomas and
possibly suffer from malignant insulinomas or unrecog-
nized MEN-1.

7.1.2 Transabdominal Ultrasound

Transabdominal ultrasound is extremely operator-de-
pendent and based on the patient’s habitus, which are
the main limitations with this method. However, it is
cheap, and some authors describe an almost acceptable
sensitivity (64%) (9), even though range is wide (8–
64%), and many reports call attention to a comparably
high false-positive rate (9,13,20,30–33).

7.1.3 Computed Tomography

CT is a readily available method, and is useful in de-
termining extrapancreatic spread of disease, although
the sensitivity for localization of the insulinoma is poor.
However, the technique is constantly improving, with
new scanners, software, dynamic scanning techniques
with intravenous contrast, etc.

7.1.4 Magnetic Resonance Imaging

A few authors report up to 100% sensitivity with gado-
linium-enhanced and fat-suppressedMRI, but the tech-
nique is not widely used (34,35).

7.1.5 Somatostatin Receptor Scintigraphy
and PET

Somatostatin receptor scintigraphy is useful for detec-
tion of most abdominal endocrine tumors due to the

comparably high expression levels of somatostatin
receptors. However, while most endocrine tumors are
80–100% sensitive, the level of detection for insulino-
mas remains at about 60% (36,37). This is most likely
explained by the somewhat lower expression of so-
matostatin receptors in these tumors compared to other
abdominal as well as pancreatic endocrine tumors.
Injection of isotope-labeled somatostatin analogs (oc-
treotide) and intraoperative detection of the primary as
well as secondary tumors using a hand-held gamma
counter may be useful in the future. A few reports reveal
that development of this technique is currently taking
place (38,39).

PET may be used with different tracers, where 5-
hydroxy-tryptophane (HTP) and possibly 18F-fluo-
rodeoxyglucose (FDG) are useful for neuroendocrine
pancreatic tumors (40). However, the success for insu-
linomas is low, and few series are hitherto reported.

7.2 Invasive Methods

Invasivemethods are arterial angiography, transhepatic
portal venous sampling, selective arterial calcium stim-
ulation, the promising endoscopic ultrasonography,
and finally the widely used intraoperative sonography
and palpation.

7.2.1 Endoscopic Ultrasound (EUS)

Endoscopic ultrasound (EUS) is an improvement of
the transabdominal ultrasound. This method is perhaps
even more operator-dependent than the regular ultra-
sound, but nevertheless has a high accuracy in the right
hands (Fig. 1). Thus, both disappointing and impressive
sensitivity rates are reported (41–44). The technique will
most likely be increasingly used in the future. Two main
instruments are available—one with a rotating radial
scanner allowing constant visualization of 360j and one
with a sector scanner.

7.2.2 Intraoperative Palpation and Ultrasound

The main and most important localization methods
that always should be used are the intraoperative
thorough palpation of the entire pancreas and intra-
operative ultrasound (IOUS) (Figs. 2–7). The sensitiv-
ity of palpation varies between 75 and 95% but is
dependent on the experience of the surgeon (9). The
most difficult insulinomas to palpate are the smaller
tumors in the pancreatic head, which emphasize the
importance of a complete mobilization of the entire
pancreas. IOUS has been proven successful with sensi-
tivity rates around 75–90% without palpation (45,46).
However, the combined technique of palpation and
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ultrasound enhance the sensitivity to nearly 100%.
Many authors describe the introduction of IOUS as a
breakthrough in the surgical handling of these tumors
(47). At the Mayo Clinic, IOUS is being used as the
main localization procedure, although a preoperative
transabdominal US is also performed (19). The success
of IOUS is also supported by several series, including
one from Düsseldorf with only one failure in 65 cases
(6). IOUS also defines the relationship of the pancreatic
and bile ducts, and the portal vein to the tumor, which
is important in the decision making regarding the type
of resection.

7.2.3 Arterial Angiography

Before the era of IOUS, the most sensitive method and
the gold standard for localization of insulinoma was
arteriography. Indeed, as late as 1998 it was recom-
mended by theAmericanCollege of Surgeons as the best
diagnostic method in these patients. The background
for success is the high vascularity of insulinomas, which
may be readily seen on the radiographic images as a
distinctive blush (48). In different series the sensitivity is
not as high as initially stated, with rates between 29 and
75%, possibly relating to different expertise with the
method (6,13,20,31,49). The use of this method has
declined in recent years, and it is being utilized in
selected cases only.

7.2.4 Selective Arterial Calcium Stimulation
with Hepatic Venous Sampling

Calcium stimulates insulin secretion and may be used to
increase the insulin release from insulinomas (50). This
is a feature of the Imamura test, initially used for re-
gionalization of gastrinomas. In this method, a catheter

Figure 1 Endoscopic ultrasound picture of a 7.6 � 6.4 mm insulinoma not recognized by transabdominal ultrasound or CT.
The endoscopic ultrasound was performed with a radial scanner on the Pentax FG-32 endoscope, at 7.5 MHz, with the probe in
the prepyloric area of the stomach.

Figure 5 Schematic picture of intraoperative palpation of the

pancreatic head in conjunction with ultrasound. A thorough
search using these techniques simultaneously is preferred.
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is placed in the gastroduodenal, splenic, common he-
patic, and superior meseneteric arteries, through which
calcium gluconate is infused, leading to selective stim-
ulation of different parts of the pancreas. A venous
catheter is placed in a hepatic vein through which blood
samples are drawn before injection as well as after 30,
60, and 120 seconds (Fig. 8). Regionalization of the
insulinoma is possible after evaluation of the insulin
concentrations in the samples collected after stimula-
tion of different parts of the pancreas (51). Some au-
thors, including investigators at the National Institutes
of Health (NIH), report a high success rate of precise
regionalization, while the Mayo Clinic seems more
hesitant to adopt this method (19,52,53). An advantage
of the method is the technical similarity to regular
arteriography, which is performed at the same session.

7.2.5 Transhepatic Portal Venous Sampling

Previously, portal venous sampling was used as a re-
gionalizing method taking advantage of the fact that
insulin is secreted into the portal venous system. Now-
adays this method is rarely used, except in complicated

reoperative cases. The method has a high sensitivity for
regionalization to the head, body, or tail. The trans-
hepatic catheter is introduced into the portal, splenic,
and superior mesenteric veins, and multiple samples are
drawn for assays of insulin. In the right hands, sensi-
tivity rates up to 80–100%have been reported (9,20,33).
The main disadvantage is the morbidity from the trans-
hepatic instrumentation, as well as the time span of the
learning curve (24).

7.3 Recommendations

Local traditions influence the preoperative localization
procedures, which should not be initiated unless the
diagnosis is clear. In a previously unoperated patient, a
CT scan is useful to screen for extrapancreatic spread,
although one should not anticipate localization of the
primary tumor. Transcutaneous abdominal ultrasound
may also be performed for the same reason. If EUS is
available, it may be added to the preoperative work-up,
because of the greater sensitivity of this modality.
Whether these procedures are negative or positive, the
next localization procedures are the intraoperative pal-
pation and IOUS. A vast majority of the patients (up to
98%) is cured when using this algorithm. In patients
where neither the pre- nor the intraoperative localiza-
tion procedure is successful, and in those who present
with recurrent hypoglycemia, other approaches are
indicated. Intraoperative failure to find an insulinoma
should not lead to blind resections of the pancreas, but
rather to closing the abdominal wound. These patients
should undergo repeated diagnostic and localization
efforts as before the initial operation (CT, transab-
dominal US, EUS). In such situations localization
efforts should be thorough, including use of selective
arterial calcium stimulation in conjunction with con-
ventional arterial angiography. In a personal series, we
found the evasive tumor in the pancreatic head by
repeated EUS, allowing cure after pancreaticoduode-
nectomy. PET scan and somatostatin receptor scintig-
raphy has been proven useful in occasional cases. In
addition, a thorough search for hereditary disease
(MEN-1), including evaluation of the parathyroid and
pituitary function, should be performed. These patients
may express several small tumors throughout the entire
pancreas, which may be missed during the intraoper-
ative imaging. However, the microadenomas in the
MEN-1 pancreas rarely cause hypoglycemia (54).
Nevertheless, one may consider sequencing of the
MEN-1 gene, which is now available. If regionalization
of the insulin production is clear, one may proceed with
a reoperation, either a left-sided pancreatic resection or

Figure 6 Ultrasonic picture of insulinoma found during

intraoperative ultrasound and verified with palpation.
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a pancreaticoduodenectomy. In the extremely rare but
doubtful cases, other procedures like transhepatic por-
tal venous sampling may be performed.

8 PATHOLOGY

While most cases of organic hyperinsulinism are due to
the classical solitary benign insulinoma, multiple
or malignant tumors may also appear. In addition,
a minority of patients may suffer from adult nesidio-
blastosis associated with considerable difficulties in
localization and surgical decision making. A number
of published series have documented that up to a fourth
or even a third of patients operated on for organic
hyperinsulinism may harbor findings other than a
benign solitary insulinoma (6,55).

8.1 Benign Solitary Insulinoma

The tumor size may range from 0.1 to 10 cm, the over-
whelming majority averaging 1.5 cm in size, and 90%
less than 2 cm. They are usually yellow-brownish and
have a pseudo-capsule, which allows extirpation with-
out seriously affecting the surrounding normal pan-
creas. They may reside anywhere in the pancreas, and

ectopic location is extremely rare. The detection of
insulin is generally obvious in postoperative immuno-
histochemistry, but may be surprisingly low in selected
cases, perhaps due to the rapid flux and high turnover of
the peptides. In other cases greater detection of proin-
sulin is seen. This marker has been coupled to higher
risk of malignancy, although clearly benign cases also
express more proinsulin than insulin.

8.2 Multiple Insulinomas and MEN-1

Multiple tumors are present in 7–17% of different series
of patients. In such cases, MEN-1 must be suspected,
especially in younger patients. Among all patients with
organic hyperinsulinism about 4–10% hasMEN-1 (56).
To avoid intraoperative surprises, all patients with or-
ganic hyperinsulinism should be evaluated for possible
MEN-1, including a thorough family history, and
search for hyperparathyroidism, which is the most com-
mon associated manifestation. However, in a recent
report 6 out of 8 patients with multiple insulinomas
could not be proven to haveMEN-1, in 2 cases also after
genetic sequencing (6). Thus, it appears that there are
other sporadic or hereditary causes for multiple insuli-
nomas than MEN-1. It should also be noted that the
MEN-1 patients usually demonstrate a number of

Figure 8 Schematic drawing of selective arterial calcium stimulation with hepatic venous sampling. Through the catheter, which

may be placed into the gastroduodenal, splenic (as in the drawing), superior mesenteric arteries, or even to evaluate liver metastases
into the common hepatic artery, calcium is infused. Blood samples are drawn in a catheter placed in the hepatic veins. Thismethod is
preferentially used in selected patients only, for instance before a reoperation, and may be performed in conjunction with a regular

arterial angiography.
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pancreatic tumors, ranging in size from microscopically
small over the whole pancreas to largely invasive and
malignant tumors (Fig. 9). These tumors may produce a
variety of hormones. Subsets of these tumors may
produce insulin, sometimes due to the size of the tumor,
in large enough amounts to cause organic hyperinsulin-
ism with the classical symptoms thereof (54).

8.3 Malignant Insulinomas

Malignant insulinomas may be discovered pre- or intra-
operatively by the finding of metastases or tumor infil-
tration, or postoperatively by the pathologist who
detects microscopic infiltration. The rate of malignancy
is about 8–10% in different series (6,57,58). Unless
the tumor is widely spread, tumor resection is indicated
to reduce troublesome hypoglycemia. Since a number
of tumors are found to be malignant only in the his-
topathological examination of the specimen, one may
argue against enucleation as the procedure of choice in
order to comply with oncological principles. However,
these findings are extremely rare and do not justify pan-
creatic resections in all cases. Instead one may consider
enucleation including a rim of normal pancreatic tissue
in cases where the pseudocapsular margin is unclear
or the size is >2 cm. In case of noncurative extended
enucleation a reoperative resection may have to be per-
formed. In case of liver metastases these should be
treated with any of the available methods (surgical re-
section, radiofrequency ablation, liver embolization,
chemotherapy). Some patients with malignant insulino-
mas, however, have a rapidly progressing disease and
short survival prospects and do not benefit from surgery
(59).

8.4 Adult Nesidioblastosis

This disease is widely debated, with some authors ques-
tioning its presence and others finding impressive rates
among their patients with organic hyperinsulinism
(19,26). However, histopathological examinations have
classified a pattern seen in such adult patients with
hypertrophy of islet cells and hormonally active cells
budding off the ductular epithelium (60). In addition,
surgical resection of the pancreas have clearly benefited
such patients (6). In a Japanese survey of 1085 cases with
hypoglycemia due to hyperinsulinism, 44 cases with
signs of nesidioblastosis were found (4.1%). Interesting,
in 28 of these cases (2.8%) a concomitant insulinoma
was also found (55). A similar case was observed in the
Düsseldorf series (6), in which the author participated.
To be noted are findings in autopsy material of normo-
glycemic patients bearing histopathological similarities

to nesidioblastosis, indicating that this diagnosis may be
an extreme variant of normal histology. However, it
should be suspected that patients with MEN-1 were
included in these reports.

Patients with nesidioblastosis may be among those
with negative preoperative localization attempts, neg-
ative IOUS, and intraoperative palpation. It has been
widely debated how to manage such patients, but most
authors seem to agree that the abdomen should be
closed and repeated, extensive testing should be per-
formed (see above).

9 MEDICAL TREATMENT

The ultimate goal for the medical treatment is to avoid
hypoglycemic episodes. Therefore, the patient should
be told to have frequent meals and snacks and to avoid
prolonged intervals without intake of carbohydrates.
This means that the patient has to wake up at night for
a meal. Diazoxide is an antihypertensive and hypergly-
cemic drug, which suppresses insulin secretion and en-
hances glycogenolysis (61). In a patient with a benign
insulinoma it is usually possible to avoid this drug. It
is also important to await introduction of diazoxide
until after the diagnosis of organic hyperinsulinism is
clear to avoid difficult work-up. However, in malig-
nant disease one often has to introduce the drug early,
which has a number of negative effects: edema, hypo-
tension, weight gain, nausea, and hirsutism. Diazoxide
may be necessary in patients with malignant insuli-
noma, which is not resectable. There are few alter-
natives; although somatostatin analogues may inhibit
insulin secretion, success is limited since these tumors
express a lower number of somatostatin receptors.
Glucagon may be used as a hyperglycemic drug, and
verapamil, which interferes with the calcium channels
in the insulin-producing cells, has been used in cases of
malignant insulinomas as well as adult nesidioblastosis
(62,63).

10 SURGICAL APPROACH

10.1 Exploration

A bilateral subcostal incision is made. A thorough
examination of the peritoneal cavity is performed to
rule out metastatic disease. The first aim is to perform a
thorough visualization and exploration of the entire
pancreas. A Kocher’s maneuver is performed, after re-
traction of the hepatic colonic flexure, if necessary. The
mobilization of the pancreatic head should be complete
until the aorta can be palpated with the fingers. The
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mobilization of duodenum continues downward to
include the third horizontal part. The mesentery of the
transverse colon should be dissected away, and the
superior mesenteric vein and its tributaries should be
exposed. The lesser sac is now entered, either by lifting
the major omentum from the transverse colon and
retracting it upwards together with the stomach, or by
dividing the gastrocolic ligament, distal to the gastro-
epiploic vessels, but well away from the colonic mesen-
tery. The lower border of the pancreatic body and tail is
now visualized. The adhesions between the posterior
surface of the stomach and the anterior surface of the
pancreas are divided. The peritoneum along the inferior
border of the pancreas is incised, the transverse meso-
colon separated, and the distal pancreas mobilized by
using blunt technique. The splenic artery should be
identified along its entire course. The far end of the tail
may be mobilized together with the spleen after dividing
the lieno-colic ligament. The tail can now be lifted up
together with the spleen. After this thorough mobiliza-
tion of the pancreas, bimanual palpation and IOUS is
performed (Figs. 2–7). Thus, even if an insulinoma is
found early in the course, the whole pancreas should be
examined to avoid missing multiple tumors. The tumors
are usually visible on the surface but are occasionally
embedded within the parenchyma. IOUS is performed
not only to scan the whole pancreas for tumors, but also
to examine the course of the pancreatic and bile ducts, as
well as the relation of the tumor to the vessels, mainly
the portal and splenic veins.

10.2 Selecting the Resection Procedure

Pancreatic surgery has been associated with a high
complication rate, mostly from leakage of pancreatic
fluid and development of fistulas and pseudocysts.
These complications as well as the history of high
morbidity after pancreaticoduodenectomies have had
a hampering effect on the performance of pancreatric
surgery, sometimes creating a conservative attitude.
However, modern techniques, novel suture materials,
and refinement of indications have reduced the rate of
complications after pancreatic surgery.

Different authors reported an increased risk of leak-
age when handling insulinomas in the pancreatic head,
whether by enucleation or resection (6,58). It is con-
cluded that for pancreatic head tumors it is important to
define the relationship of the pancreatic and bile ducts
and the vessels to the tumor. If the tumor is well away
from these structures, enucleation is the method of
choice. Even though it is rarely needed for insulinomas,
a pancreaticoduodenectomy can be performed, even for
benign disease. Recent improvement in surgical tech-

niques, postoperative care, and surgical expertise have
made this operation possible with minimal morbidity
and mortality (64,65).

Some authors have noticed higher risk of fistula for-
mation after enucleation in the pancreatic neck (66).
This was attributed to the oblique course of the pancre-
atic duct and the confluence with the accessory duct of
Santorini in this part of the pancreas. Again, IOUS is
helpful in clarifying the anatomical landmarks. The
majority of the tumors in the uncinate process of the
head, the neck, as well as the body of the pancreas may
be enucleated. If the selection of the type of procedure is
difficult, a resection should be performed. Alternatives
that may be rarely used are duodenum-preserving
resection of the pancreatic head and neck (Beger’s pro-
cedure) or central pancreatectomy (67,68).

Tumors in the pancreatic tail may also be enucleated,
especially the ones close to the body or protruding from
the margin of the pancreas, but a liberal attitude to-
wards a spleen-preserving left-sided pancreatic resec-
tion is suggested.

In case of multiple tumors or findings of malignancy,
resection is proposed. While many authors advocate a
left-sided resection up to the portal vein and enuclea-
tions from the pancreatic head, others have suggested a
more radical extended subtotal pancreatic resection, es-
pecially in families where malignant pancreatic tumors
are known to occur (54). However, if MEN-1 is sus-
pected intraoperatively, a left-sided resection combined
with enucleations from the head is sufficient, followed
by a thorough postoperative work-up to confirm the
diagnosis and proceed with extended pancreatic rere-
section later.

10.3 Enucleation

The insulinomas usually have a pseudocapsule making
it possible to enter a plane between the tumor and the
surrounding normal pancreatic tissue. If the tumor is
found to have unclear margins during the dissection and
suspicions of malignancy appear, conversion to a resec-
tive procedure is proposed. By using a meticulous
technique, fine instruments, and multiple ligations with
polypropylene 5-0 or 6-0, a safe enucleation can be
performed (Fig. 10). If there is suspicion of injury to
the pancreatic duct, intravenous secretin will visualise
extravasation of pancreatic fluid from the resected area.
An injured duct may be closed using fine sutures (N.
Thompson, personal communication), or, alternatively,
the operation is converted to a resection. Helpful in the
dissection is to lift the pancreas with one hand and, if
possible, pull the tumor upwards with a stitch placed
through it. The defect should not be closed, since injury
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to the pancreatic tissue is likely to result in development
of a pancreatic pseudocyst. It is wise to put some fibrin
glue and possibly an omental flap to cover the defect.
The area of enucleation should be carefully drained.

10.4 Left-Sided Pancreatic Resection

A spleen-preserving left-sided pancreatic resection is
a safe procedure (69). The pancreatic tail is mobilized
from the splenic vessels, often by dividing several
smaller branches. A thorough search for the main pan-
creatic duct in the remaining pancreas is suggested, since
ligation of this presumably reduces the risk of post-
operative leakage. The pancreas may be cut with a
scalpel according to the ‘‘fish-mouth’’ technique.
Smaller bleeders should be suture ligated with polypro-
pylene 5-0 or 6-0. The cut edge is then carefully closed
with sutures, avoiding large bites of pancreatic tissue in
order to reduce the risk of devascularization. Fibrin glue
is applied to the cut edge, and the area is carefully
drained.

10.5 Pylorus-Preserving Pancreaticoduodenectomy

The pylorus-preserving pancreaticoduodenectomy is a
modification of the classical Whipple’s procedure. In
selected large and invasive cases an extended operation
including resection of the mesenteric and portal veins
may be needed (70). In brief, after thorough examina-
tion of the entire pancreas, attention is drawn to the
pancreatic head, and the common bile duct, common

hepatic artery and portal vein are exposed and isolated.
The portal vein is freed and followed underneath the
pancreatic neck. A similar dissection is performed from
below to isolate the mesenteric vein until the two veins
are separated from the pancreatic neck using blunt
dissection. The next step is ligation and division of the
gastroduodenal artery, and the common hepatic artery
is dissected away from the suprapancreatic area. To
allow isolation of the uncinate process, the arterial
branches and venous tributaries of the mesenteric ves-
sels should be divided. Three structures now have to be
divided: (1) jejunum, approximately 20 cm inferior to
Treitz’s ligament; (2) duodenum; (3) common bile duct.
The latter is usually divided immediately above the
entrance of the cystic duct, making a cholecystectomy
necessary. Jejunum is divided with a stapler while the
proximal duodenum is divided with a scalpel after
clamping the antrum. Duodenum and the proximal
jejunum are transposed to the right. Pancreas is now
divided over the portal vein, and the pancreatic duct
identified in the preserved part. The specimen is now
free, and the reconstruction phase begins. An end-
to-side pancreaticojejunostomy is performed using
polydioxanone 4-0 and the classical invaginating tech-
nique with an inner row of sutures between the jejunal
mucosa and the pancreatic rim, including the edges of
the pancreatic duct, and an outer layer between jejunal
serosa approximately 1 cm from the cut opening in the
side of the gut and the pancreatic capsule. One may
insert a small 3 cm piece of a pediatric feeding tube into
the duct before closing the anastomosis. An end-to-side
hepaticojejunostomy is constructed with polydioxa-
none 4-0 in a single layer. If the hepatic duct is narrow
one may consider using a stent to avoid stricture of the
anastomosis. The catheter is passed down in the jejunal
loop for about 10 cm before exiting through the intes-
tinal and abdominal walls. The duodenojejunostomy
is also constructed end-to-side with a single layer of
running sutures of polydioxanone 4-0. A drain is
used and positioned near the pancreatic and biliary
anastomoses.

10.6 Minimally Invasive Techniques

The development of laparoscopic surgery has also made
it possible to enucleate insulinomas and perform distal
pancreatic resections (71–75). The key to a technically
successful laparoscopic operation of an insulinoma is a
thorough exploration of the entire pancreas. As in open
surgery, even though one tumor may be immediately
seen, one has to examine the whole pancreas for the
possibility of multiple tumors. Since bimanual palpa-

Figure 10 Schematic drawing of an enucleation of an
insulinoma. Meticulous technique and fine instruments and

sutures should be used.
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tion is impossible, one has to rely on laparoscopic
ultrasound imaging (73). The mobilization of the head
of the pancreas, including the Kocher maneuver, entry
into the lesser sac andmobilization of the pancreatic tail
demand high expertise in laparoscopic techniques.
There are only a few reports with small numbers of
patients describing success using the laparoscopic
approach for insulinomas. The success rate of IOUS
without palpation during open surgery is 75–90%, but it
reaches 100% with bimanual palpation. The usual de-
mands when introducing a laparoscopic procedure is
that it should not only be possible to perform, but also
be at least as successful as the corresponding open one.
A pure laparoscopic approach to insulinomas may
therefore presumably be less successful since bimanual
palpation is impossible. However, recent development
of hand-port devices which allows introduction of one
of the surgeon’s hands into the abdomen and still
keeping the intraabdominal gas pressure up during a
laparoscopic procedure may lead to new operative ap-
proaches for insulinoma. Thus, the introduced hand
may unimanually palpate the pancreas, and the success
rate for this approach in conjunction with laparoscopic
ultrasound has to be evaluated in the future.

10.7 Complications

Pancreatic surgery has been associated with a number
of complications, mainly intraperitoneal leakage of
pancreatic fluid or development of pancreatic fistula
(76,77). Less frequently, a pseudocyst may develop.
These complications have had a hampering effect on
pancreatic surgery, sometimes creating a conservative
attitude toward surgical treatment. However, serious
attempts have been made to modify the surgical tech-
nique to reduce the number and severity of these
complications. Different postoperative medical and
surgical interventions for management of fistulas and
pseudocysts have also been discussed (77,78). Now-
adays pancreatic surgery is performed more safely,
and excellent series have been reported with minimal
morbidity and mortality (6,77). Most authors have
reported that postoperative drainage containing high
amylase concentrations in most cases resolve sponta-
neously. In some cases one may leave the drain in place
while the patient is fed. There seems to be no indication
for somatostatin (or analogue) treatment in these cases;
This statement is supported by a prospective random-
ized trial using octreotide to prevent pancreatic fistulas
after pancreaticoduodenectomy (78). If the drainage
does not resolve, various reoperative methods may be
used to correct the leak.

10.8 Postoperative Management

Once the insulinoma is resected, the blood glucose levels
rise while on glucose-free intravenous solutions, which
may be used as an intraoperative parameter to verify
success. In fact, in some cases insulin may have to be
given, with frequent assays of serum glucose postoper-
atively. Drains may be removed if the output is less than
20 mL/day, or higher if the fluid contains low amylase
concentrations.

11 ADDITIONAL THERAPY

Malignant insulinomas are rare and may be very dif-
ficult to manage. In some patients the resection may
be complete, but the patient has to be under surveil-
lance. Median disease-free survival after a curative
resection in one study was 5 years, but after recurrence,
median survival was 19 months (4). Several studies
have advocated an aggressive approach towards these
tumors, with repeated resections and use of debulking
or cytoreductive surgery. However, some authors pro-
pose that at least 90% of the tumor has to be resected in
order to achieve true palliation. The aggressive surgical
approach should be accompanied by chemotherapy
using adriamycin and streptozocin, which have had
excellent results in several studies (79,80). For massive
liver metastases, embolization may be considered.
Some patients suffer from a highly malignant variant
with a high proliferative index (measured with, for
example, immunohistochemistry using antibodies di-
rected against Ki-67) and short survival, which has to
be taken into account when planning the treatment.
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reading and commenting on the manuscript, as well as
Drs. Ola Hessman and Björn Hellman for help with
the illustrations.

REFERENCES

1. Banting F, Best C. Internal secretion of the pancreas. J
Lab Med 1922; 7:251–252.

2. Wilder R, Allan F, Power M. Carcinoma of the islets of
the pancreas: hyperinsulinism and hypoglycemia. JAMA
1927; 89:348–349.

3. Howland G, Campbell W, Maltby E. Dysinsulinism:

Insulinoma 537



convulsions and coma due to islet cell tumor of the pan-

creas with operation and cure. JAMA 1929; 93:674–675.
4. Service F, McMahon M, O’Brien P, Ballard DJ.

Functioning insulinoma—incidence, recurrence, and

long-term survival of patients: a 60-year study. Mayo
Clin Proc 1991; 66:711–719.

5. Stefanini P, Carboni M, Patrassi N. Beta-islet tumors of
the pancreas: results of a study on 1,067 cases. Surgery

1974; 75:597–609.
6. Hellman P, Goretzki P, Simon D, Dotzenrath C, Röher
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Hypoglycemia is especially dangerous to the developing
brain of the newborn. Frequently, cases of neonatal
hypoglycemia result from easily managed self-limited
causes. Less often, hypoglycemia persists and can be
extremely difficult to control. Severe persistent hypo-
glycemia of the newborn is usually due to excessive pro-
duction of insulin from the pancreas. An insulinoma is
almost never present. The underlying condition causing
persistent hypoglycemic hyperinsulinism had, until
fairly recently, been widely attributed to diffuse hyper-
plasia of islet cells and was designated nesidioblastosis.
That term is no longer acceptable, since the patho-
genesis has been revisited. Some alternate expressions
used to name this rare but morbid condition are strik-
ingly unwieldy. Some authors, for instance, choose
persistent pancreatogenous hypoglycemic hyperinsu-
linism of infancy without insulinoma. This bulky ex-
pression denotes that the condition excludes transient
cases, exogenous sources of insulin, and the unexpected
insulinoma. Some have proposed a much simpler ex-
pression intended to mean exactly the same thing: hy-
perinsulinism.

1 CLINICAL PRESENTATION

Symptoms of hypoglycemia include those described
as adrenergic, such as sweating and tachycardia, and
those described as neuroglycopenic, such as seizures

and coma. In older patients neuroglycopenic symp-
toms include headaches, fatigue, and behavioral and
cognitive dysfunction. One definition of hypoglycemia
in the neonate is a serum glucose concentration of
V40 mg/dL.

Often hypoglycemia in the newborn is short-lived.
Infants of diabetic mothers commonly demonstrate
transient hypoglycemia because the fetal pancreas may
have been exposed to high glucose concentrations and
was therefore conditioned to produce high amounts of
insulin. When severe hypoglycemia persists in the new-
born, the cause is most often hyperinsulinism. This is a
rare problem affecting about one in 50,000 people.
When the onset of persistent hypoglycemia is quite soon
after birth, the cases are typically the most severe and
refractory to medical management.

Newborns with hyperinsulinism are often large for
gestational age. Certain features help distinguish hyper-
insulinism from other causes of hypoglycemia. The
critical blood sample, the one drawn when the patient
is hypoglycemic, may show an inappropriately elevated
insulin concentration of greater than 5 AU/mL. These
patients have a marked glycemic response after intra-
venous glucagon administration. A rise in the serum
glucose concentration of 30 mg/dL or more after intra-
venous glucagon is supportive of hyperinsulinism as op-
posed to other causes of hypoglycemia. In the patient
with hyperinsulinism, free fatty acids and ketone levels
are low.
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2 PATHOLOGICAL BASIS OF

HYPERINSULINISM

The underlying pathological condition in a newborn
whose hyperinsulinism persists is almost never a true
insulinoma. Controversy has surrounded the actual
underlying histopathology. The term nesidioblastosis,
applied broadly to the congenitally abnormal pancreas
producing excessive insulin, was conceived in 1939, cu-
riously, in a paper actually about focal pancreatic le-
sions (1). The author, Laidlaw, called the lesions nesi-
dioblastomas. Laidlaw speculated that if such lesions
were multiple in a pancreas, the condition could be
called nesidioblastosis. Laidlaw recognized islet cells
budding from pancreatic ductal cells. The term nesidio-
blastosis is suffering a slow death because the histolog-
ical finding described by Laidlaw has not consistently
been associated with hyperinsulinism. The finding of h
cells budding from epithelium (ductulo-insular com-
plexes) is characteristic of the fetal developmental pro-
cess. It persists as a developmental stage postnatally (2).
It is reproduced in many states of injury, including
pancreatic duct obstruction, and in recovery from these
conditions. This histological condition has been recog-
nized in the normal pancreas of newborns and infants.
In the view of many pathologists, the finding of nesidio-
blastosis does not correlate with hypoglycemia (3–5).

Not only does this diffuse condition exist without
hyperinsulinism, but centers with extensive experience
have found that about one third of young children with
hyperinsulinism have unifocal lesions. (6; N. S. Adzick,
personal communication). Since nesidioblastosis im-
plies diffuse hyperplasia of h cells throughout the pan-
creas, it has become an inappropriate termwhen applied
broadly to patients with hyperinsulinism.

The focal lesions being discovered are not adenomas.
Unlike true adenomas, these focal lesions do not repre-
sent the proliferation of a single cell type. Rather, they
have been described histopathologically as focal ade-
nomatous hyperplasia. They are described as conglom-
erations of otherwise normal islets with centralized h
cells and non-h cells in the periphery. These focal lesions
are, grossly, much smaller than insulinomas, measuring
only a few millimeters. They are not discernible by
modern imaging studies, and they are most often not
visible to gross examination. The h cell nuclei appear
normal. These small lesions crowd the exocrine pan-
creas. The remainder of the pancreas is histologically
normal.

The centers most actively studying patients with
hyperinsulinism still find a diffuse lesion in the majority
of children. Bizarre and large h cell nuclei are noted

throughout the gland, which is therefore described as
being in an ‘‘activated state.’’

3 MEDICAL MANAGEMENT

When a newborn suffers hyperinsulinism, maximal
steps are taken to correct the hypoglycemia in order to
protect the developing brain. These steps include pro-
vision of glucose at rates greatly exceeding the normal
demands. The normal newborn typically requires about
6 mg of glucose per kg of body weight per minute. The
patient with hyperinsulinism frequently requires a cen-
tral venous catheter to provide two to four times that
amount of glucose. This supplements provision of en-
teral glucose often by nasogastric tube or gastrostomy.

Numerous agents have been used to control the
hyperinsulinism. Diazoxide has been the standard first
choice and has had some success in select patients. It is
probably least useful in children with the onset of severe
hypoglycemia in the neonatal period. Diazoxide inter-
feres with the SUR-Kir receptors (a receptor complex
called sulfonylurea receptor–potassium internal recti-
fier) on the insulin-producing h cell membrane. That
complex of receptors helps control insulin secretion.
Reviewing their results in a large number of children
with hyperinsulinism, the group from Paris and Brussels
showed that their success was largely limited to patients
with onset of hypoglycemia at a somewhat later age (7).
They could effectively control the hypoglycemia with
diazoxide in only one of 31 patients whose hypogly-
cemia began in the neonatal period. They were able
to control the hypoglycemia in 12 of 39 children with
early infantile onset and all 7 of the uncommon ‘‘late-
infantile’’ cases. These authors concluded that diaz-
oxide is useful when hyperinsulinism occurs in infants
and children, but not in newborns. Some patients with
hyperinsulinism have defects in the SUR–Kir receptor
system, and these may be the ones who do not respond
to diazoxide. At present, testing for this defect has had
very little role in the clinical management of these pa-
tients. When the team from Paris and Brussels reported
52 neonates treated surgically for hyperinsulinism, they
noted that during the 13 years of their study, 11 patients
with hyperinsulinism were treated successfully with di-
azoxide (8). Perhaps patients with abnormalities in the
sulfonylurea receptor complex are those presenting with
hyperinsulinism at the earliest ages explaining the resist-
ance to diazoxide.

Assorted other medications have been utilized, in-
cluding steroids, calcium channel blockers, and octreo-
tide. A group in Israel has championed octreotide (9).
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However, octreotide use demands either continuous
subcutaneous infusion or four daily injections. Of 15
patients receiving octreotide in that study, 7 ultimately
underwent resection.

4 OPERATIVE APPROACH IN RECENT

DECADES

Medical steps usually fail to successfully and perma-
nently control hypoglycemia from early-onset hyper-
insulinism. Operative interventions have been required
in most such cases. Imaging techniques have totally
failed in identifying lesions. Although efforts to refine
modern imaging techniques continue, so far the lesions
causing hyperinsulinism in the youngest patients have
not been detectable by available technology. For those
patients with diffuse lesions, it is understandable that
imaging would be fruitless. Unfortunately, the focal le-
sions also provide a marked obstacle to effective imag-
ing because they are so extremely small and preserve
normal pancreatic architecture.

For a few decades surgeons debated the extent of
pancreatic resection that would best serve these pa-
tients. Historically, surgeons have performed extensive
pancreatic resections believing the condition to be a dif-
fuse hyperplasia of h cells and generally considering
lesser resections to yield unacceptable persistent hypo-
glycemia. While inadequate resection allows persistent
hypoglycemia with the threat of cumulative ongoing
neurological damage, excessive resection carries the
increased risk of diabetes mellitus and pancreatic exo-
crine insufficiency. Long-term follow-up of these pa-
tients is necessary to clarify the extent of the morbidity
from extensive resections. Several groups have found
relatively late onset of diabetes mellitus in young pa-
tients long after pancreatic resection (10,11).

The terminology surgeons have used to describe the
extent of resection has been quite murky. Sometimes
authors quantify the resection as between 70 and 98%
pancreatectomy and often define these quantities poor-
ly. Qualitative terms, also often poorly defined, include
left-sided pancreatectomy, subtotal pancreatectomy,
and near-total pancreatectomy. Attempts have been
made to define these assorted terms anatomically, al-
though the inherent variability in gross morphology of
the child’s pancreas imposes inevitable inaccuracy. An
autopsy study specifically designed to determine the
variability of the infant’s pancreas showed that anatom-
ical landmarks often used to quantify a resection are
quite variable (12). For instance, when all pancreatic
tissue to the left of the superior mesenteric vessels was

weighed and compared to the weight of the gland, this
amount ranged from about 32 to about 67%. When all
pancreatic tissue to the left of the pancreatico-duodenal
vessels was assessed, that amount varied from 43 to
96%.

The group at the Children’s Hospital of Philadelphia
did provide clear anatomical definitions for resections
named by different numbered percentages. They
reviewed 35 years of surgical care for hyperinsulinism
in 1999 (13). Since 1980, 95% pancreatectomy was the
operation they usually performed in this series. This
they defined as resection of the entire pancreas except
for the tissue to the right of the common bile duct and a
‘‘thin rim along the second portion of the duodenum
and pancreatico-duodenal arteries.’’ When persistent
hypoglycemia demanded a second operation (‘‘re-resec-
tion’’), they favored a 98% pancreatectomy, which
‘‘leaves only small islands of the pancreas along the
pancreatico-duodenal arteries.’’

Often, the more extensive operations have seemed to
be the only way to control the hypoglycemia from hy-
perinsulinism (13–15). In many series, recurrence was
relatively common with less aggressive operations. By
carefully ligating branches from the splenic vessels and
preserving the vessels to the spleen, splenectomy gener-
ally has not been preformed during extensive pancreatic
resections by pediatric surgeons for hyperinsulinism.

In multiple series from multiple centers, some chil-
dren suffered irreversible neurological injury before
resections. Others had persistent hypoglycemia post-
operatively, although in some it was easier to control
than before the resections. Diabetes mellitus occurred in
some after extensive pancreatic resections. Some
patients were cured with little morbidity.

5 PRESENT OPERATIVE APPROACH

A sea change in the surgical approach to hyperinsulin-
ism is unfolding. A few centers focused on this con-
dition, sporting teams of endocrinologists, radiologists,
pathologists, and surgeons, are rewriting the approach
to hyperinsulinism. The histopathology underlying
hyperinsulinism is no longer called nesidioblastosis. It
is in fact a diffuse abnormality in only two thirds of these
patients. One third of the patients have small (2.5–7 mg)
focal lesions called focal adenomatous hyperplasia (6;
N. S. Adzick, personal communication).

Although imaging has not yet been successful in
identifying these lesions, arteriography and venography
have been utilized preoperatively. These techniques,
requiring considerable sophistication when applied to
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the neonate, do not image the lesions with the type of
blush sometimes seen in insulinomas. Rather, they aid
in localization through chemical sampling. This in-
cludes selective pancreatic venous sampling. A trans-
hepatic catheter is inserted into the hepatic veins and
threaded sequentially into the venous drainage of differ-
ent sites in the pancreas. Blood is drawn for concom-
itant insulin and glucose determination. In addition,
differential sequential arterial stimulation is performed
with a catheter manipulated into the different arterial
branches subserving different sites in the pancreas.
Concomitant samples from a venous catheter in the
inferior vena cava near the hepatic veins help determine
if there are focal or diffuse sites of excessive insulin
production. Agents utilized to stimulate insulin secre-
tion include calcium and tolbutamide. By measuring
venous concentrations of insulin and glucose at different
sites of the pancreas and by stimulating specific sites in
the pancreas through arterial catheters and measuring
the insulin response, it is sometimes possible to differ-
entiate focal from diffuse lesions and localize the focal
lesions to the specific areas of the pancreas. These
preoperative studies are neither perfect nor available
for newborns at most medical centers.

At exploration, the surgeon, in a rather laborious
procedure, exposes the entire pancreas and either pal-
pates and sees a small irregular lesion, aided by mag-
nifying glasses, or excises a 1 cm block of tissue in the
region proposed by the preoperative angiographic stud-
ies. Many intraoperative biopsies are done to guide the
operative choices.

The pathologists distinguish by frozen section the
focal lesions. These small focal lesions are described as
conglomerations of otherwise normal islets crowding
the exocrine pancreas. The remainder of the gland is
normal, in a ‘‘resting state.’’ If the focal lesion resides in
the head of the pancreas, a distal duct to jejunum
anastomosis has been utilized in some cases. A chole-
dochoduodenostomy has restored bile flow in others. In
about two thirds of the cases the lesion is diffuse. The
histopathological findings include numerous diffusely
represented abnormal h cells with large bizarre nuclei,
suggesting hyperfunction (the activated state). Exten-
sive resection remains the standard choice for those
patients. The extent of this resection remains a balanc-
ing act between too little, leaving persistent hypoglyce-
mia, and too much, resulting in diabetes mellitus and
possibly pancreatic exocrine insufficiency.

Operations for hyperinsulism have been done when
medical management for hyperinsulism has failed.
Despite the risks of operative management, the ongoing
threat to the brain demands a more effective approach
when nonoperative steps are failing.

The first major published series with this sophisti-
cated approach came from the productive group in Paris
and Brussels. They reported 45 patients treated with
partial resections for the focal form of hyperinsulinism
(6). This group contends that patients with the focal
form of hyperinsulinism always have an abnormality on
the chromosomes ‘‘with the loss ofmaternal alleles from
chromosome 11p15.’’ This results in an ‘‘unbalanced
expression of imprinted genes involved in the control of
cell growth’’ and ‘‘somatic reduction to hemi or homo-
zygosity of a paternally inherited mutation of the gene
for the sulfonylurea, which leads to hyperinsulinism.’’
This association may imply that these children will not
respond effectively to diazoxide, which works through
the SUR receptor. In fact, diazoxide was ineffective in
91%of these 45 patients. It is this subset of patients with
the focal form that consistently can do very well after
appropriately guided limited resection without risk of
subsequent diabetes mellitus. Even this remarkably
experienced team could not effectively localize the lesion
preoperatively in 11 of the 45 newborns with focal ad-
enomatous hyperplasia.

6 REVISITING EARLIER SERIES

With this modern approach in mind, earlier series can
be reassessed. For instance, extensive resections of the
pancreas done for presumed diffuse lesions may have
worked successfully in some cases when a focal lesion
was included in the resection. In retrospect, some of the
successes might have been managed by less morbid
resections limited to the site of the focal lesion. Nine-
ty-eight percent reresection may have been effective in
diffuse cases refractory to lesser resection because, as
presumed, the diffuse malfunction persisted in the resid-
ual pancreatic remnant. However, cases of persistent
hypoglycemia could just as well have represented uni-
focal lesions located in the head of the pancreas near the
duodenum, left in place at the initial resection, but
included in the more extensive reresection.

At present, an infant with hyperinsulinism should be
managed at a center capable of distinguishing focal
from diffuse forms and performing the appropriate
resection. As the molecular biological information
accrues, the future promises better preoperative differ-
entiation between patients who will respond to medical
treatment and those who will benefit from resection.
The best approach for the patient with refractory hyper-
insulinism from a diffuse lesion remains, at present, an
extensive pancreatic resection. The outlook for these
patients remains guarded, while for those with focal
lesions results have been excellent.
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7 HYPERINSULINISM IN ADULTS:

AGONAL RESPIRATIONS OF

NESIDIOBLASTOSIS

Reports have appeared identifying small but increasing
numbers of adults with pancreatogenous hypoglycemic
hyperinsulinism without insulinoma (adult-onset hy-
perinsulinism) (16,17). These unusual patients defy pre-
operative imaging since no focal lesion is identifiable.
The patients behave a bit differently than patients with
insulinomas. The positive response to a 72-hour fast,
characteristic of patients with insulinomas, is often not
present in these patients. During the period when 10
adults with hyperinsulinism were treated at the Mayo
Clinic, 200 with insulinomas were managed there (16).
Only one of these 200 patients with insulinomas had a
negative 72-hour fast. On the other hand, this test was
negative in 8 of the 10 without insulinoma (and not done
in one). Although imaging was unrevealing, insulin
measurement in the hepatic vein showed an at least
twofold increase when any site in the pancreas was
stimulated by arterial injection of calcium. The histo-
pathology showed diffuse islet enlargement and islets
budding from ducts. All were managed by left-sided
resections of variable extent. All but one of these pa-
tients were relieved of their neuroglycopenic symptoms
after the operation.

Use of the term nesidioblastosis to describe adults
with hyperinsulinism should be discouraged since this
histopathological term does not correlate with hyper-
insulinism. It will be interesting to learn if any adults
with hyperinsulinism have focal adenomatous hyper-
plasia and can be cured with limited resections.
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1 THE MAGNITUDE OF THE PROBLEM

There are few other tumors that have held the interest
and fascination of surgeons and internists like gas-
trinomas. Since first reported in 1955, gastrinomas have
challenged the traditional thinking in oncology. The rel-
atively high frequency of multiple primary tumors and
the potential for tumors to arise from many different
locations are both unique attributes of gastrinoma. In
addition, gastrinomas continue to defy established
oncological principles and classifications even in the
current molecular era. For example, it has been shown
that sporadic gastrinomas at different sites are mono-
clonal (1), and thus probably represent systemic disease.
However, clinical experience from several centers sug-
gests that multiple gastrinomas even with lymph node
involvement are ‘‘curable’’ by surgery (2–4). Although
gastrinomas are rare, they have stimulated clinicians
and led to significant clinical advances in biochemical
assays, imaging, and tumor biology (5). In time, gas-
trinomaswill lead to new advances in our understanding
of tumor genetics, cell biology, stem cells, and new ave-
nues for cancer treatment.

2 RISK FACTORS

The only risk factor for the development of gastrinoma
is a family history ofmultiple endocrine neoplasia type 1

(MEN1). Approximately 25% of patients with gastri-
noma have concurrent MEN1. Since the cloning of the
MEN1 gene in 1997, genetic testing is now feasible.
However, because there has not been a consensus de-
veloped as to the recommended treatment for gastrino-
mas in the setting of MEN1, routine genetic testing is
not useful.

3 DEMOGRAPHICS

Sporadic gastrinomas occur with a slight male prepon-
derance (6). Age of onset is approximately 50 years (7).
This is contrasted with the age of onset for MEN1 syn-
drome, which is approximately 30 years (8).

4 CLINICAL FEATURES

Gastrinomas are neuroendocrine tumors that secrete
the hormone gastrin in excess and result in the classic
Zollinger–Ellison syndrome (ZES). First described in
1955, ZES includes the triad of diffuse gastroduodenal
ulcerations, gastric hypersecretion, and pancreatic islet
tumors (9). Other prominent symptoms include diar-
rhea, reflux esophagitis, and severe abdominal pain
(Table 1). Patients with ZES have more severe acid se-
cretion compared to patients with uncomplicated peptic
ulcer disease. This results in increased severity of symp-
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toms such as increased number of ulcers, ulcers occa-
sionally at atypical locations (e.g., jejunal ulcers), and
increased pain. Failure to respond to conventional
medical ulcer treatment and/or recurrence after ade-
quate therapy should also raise suspicion of ZES.
Unlike typical peptic ulcer disease, diarrhea is a prom-
inent symptom in ZES and will respond to antacid
therapy. Diarrhea occurs in ZES when large quantities
of acid enter the duodenum and small bowel, damaging
the small bowel mucosa as well as destroying pancreatic
enzymes. Both events lead to malabsorption and sub-
sequent diarrhea.

Gastrinomasmayoccur sporadically (75%)or aspart
of the multiple endocrine MEN1 syndrome (25%) (10).
MEN1 is an autosomal-dominant syndrome character-
ized by parathyroid hyperplasia, pituitary adenomas,
pancreatic endocrine tumors, and other neuroendocrine
tumors (10). Differentiation between sporadic and fam-
ilial gastrinomas depends on the presence of family
history as well as a high clinical suspicion, as pancreatic
endocrine tumors may infrequently be the first manifes-
tation of the MEN1 syndrome. It is important to make
this distinction because the clinical management of
sporadic and MEN1-associated ZES differs. Although
multiple tumors are frequently found even in sporadic
gastrinomas, these can often be resected for cure, and
surgery should be aggressively pursued unless there is
extensive hepatic involvement. However, patients with
ZES in the context ofMEN1havemultiple small tumors
that are difficult to completely excise, and surgical
exploration in these patients should be based on case-
by-case considerations.

The majority of gastrinomas (85%) occur in the
gastrinoma triangle (11) (Fig. 1), which is an anatomical
area bordered by imaginary lines connecting (1) the

junction of cystic and common bile ducts, (2) the
junction between the second and third portion of the
duodenum, and (3) the junction between the neck and
body of the pancreas. Within this area, gastrinomas are
known to originate from the pancreas, duodenum, and
surrounding soft tissue including lymph nodes. Al-
though the majority of gastrinomas occur in the gas-
trinoma triangle, they can also occur to the left of the
superior mesenteric vessels; these gastrinomas tend to
metastasize to the liver more frequently than those
found within the triangle (12). Duodenal gastrinomas
are submucosal and are found most commonly in the
first and second portions but can reside in all four
portions of the duodenum. Primary nodal gastrinomas
have also been described (13). Furthermore, ectopic pri-
mary gastrinomas have been resected from liver, com-
mon bile duct, jejunum, pylorus, antral mucosa, omen-
tum, ovary, and even heart (14–18).

Gastrinomas may be benign or malignant (4). When
malignant, they may metastasize to adjacent lymph
nodes or to the liver and less commonly to bone. Ex-
perience from several centers suggests that lymph node
metastasis, a traditional indicator of systemic disease
and an important prognostic indicator in most other
tumors, does not seem to have significant impact on
patient survival in ZES (Fig. 2) (2–4,19). Resection of
the primary tumor(s) and lymph node(s) is the only
curative treatment for gastrinomas. When this is not
possible, aggressive surgical exploration and resection
has been shown to limit the potential for metastatic
spread. However, gastrinomas, even when metastatic to
the liver, can have an indolent course characterized by
slow growth (4). In a recent study of 19 ZES patients
with hepatic involvement, only 42% showed rapid
growth, while 32% demonstrated slow growth, and
26% had no growth (20). With the availability of pow-
erful proton pump inhibitors (PPI) to control acid hy-
persecretion, the main determinant of patient survival
is now tumor burden and not acid-related complica-
tions (7).

Insulinomas and gastrinomas occur with approxi-
mately the same frequency among pancreatic endocrine
tumors (21). Nonfunctional islet tumors occur in ap-
proximately 36–53% of all islet tumors (22,23). Other
types of functional pancreatic endocrine tumors are
exceedingly rare. These include glucagonomas, VIPo-
mas, and somatostatinomas. Most of these tumors are
large andmetastatic at presentation, and surgical cure is
often not possible. However, debulking procedures may
be indicated to lessen the pain and hormonal over-
production and to palliate local mass effects causing
obstruction (gastrointestinal or biliary tracts).

Table 1 Zollinger–Ellison Syndrome
Signs and Symptoms

Abdominal pain
Diarrhea

Peptic ulcers
Reflux esophagitis
Complications of hyperacidity

Bleeding
Perforation
Obstruction

Radiological findings
Hypertrophic gastric rugal folds
Multiple ulcers

Unusual ulcer locations
Pancreatic mass
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Figure 1 Gastrinoma triangle. The majority of gastrinomas (85%) occur in the gastrinoma triangle, which is an anatomical area
bordered by imaginary lines connecting (1) the junction of cystic and common bile ducts, (2) the junction between the second and
third portion of the duodenum, and (3) the junction between the neck and body of the pancreas. (A) Retropancreatic gastrinoma.

The duodenum is reflected by the Kocher maneuver to expose the gastrinoma. Approximate tumor size: 1.5 � 1 cm. (B)
Hepatoduodenal ligament gastrinoma. The common bile duct is encircled with vessel loops. Approximate tumor size: 3 � 3.5 cm.
(C) Duodenal gastrinoma. Approximate tumor size: 0.5 � 0.5 cm. CBD, common bile duct; SB, small bowel. Arrowheads point
to tumors.
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5 PHYSIOLOGY

Gastrin is a hormone produced by G-cells that reside
in the antrum of stomach. Gastrin is found in pancre-
atic islets in fetal life, but it is unknown whether gastrin
is present in the normal adult pancreas (24,25). Gastrin
may also be demonstrated in a variety of neuroendo-
crine tumors by sensitive pathological staining. How-
ever, only gastrinomas secrete sufficient amount of
gastrin to cause symptoms of ZES.

In the context of the MEN1 syndrome, there can be
both hypercalcemia and hypergastrinemia. Calcium is a
known stimulant of gastrin release, and calcium has
been used as a provocative test in the diagnosis of gas-
trinomas. In MEN1, the hypercalcemia tends to exac-
erbate the elevated gastrin and acid production.
However, the exact mechanism of this stimulation re-
mains unclear. There is evidence that gastrinomas
express calcium-sensing receptors (26), and release gas-
trin in response to extracellular calcium level. Calcium
has also been shown to increase acid secretion by

parietal cells independently of gastrin, histamine, or
acetylcholine (27). Therefore, in MEN1 patients, para-
thyroidectomy alone may partially relieve their ulcer
diathesis by decreasing both gastrin and acid produc-
tion, even if the gastrinoma is unresectable (28).

Gastrin also has trophic effects on susceptible cells,
and gastric carcinoids may arise from the transforma-
tion of enterochromaffin-like (ECL) cells in the context
of chronic hypergastrinemia in the setting of ZES. Fre-
quent and regular endoscopy is required to monitor the
growth of these carcinoid tumors, and resection is in-
dicatedwhen there is significant growth. Similarly, it has
been proposed that hypergastrinemia may be involved
in the tumorigenesis of colon adenocarcinoma, but this
association has not been definitively demonstrated (29–
31).

Several investigators have studied the genetic and
molecular alterations of gastrinomas and other pancre-
atic endocrine tumors (Table 2). TheMEN1 gene is fre-
quently mutated (loss-of-functionmutations) in pancre-
atic endocrine tumors, especially gastrinomas (10,32).

Figure 2 Survival of patients with ZES—influences of intraoperative findings. Patients with either (1) no tumor found, (2) tumor
found in lymph node(s) only, (3) tumor found in the peri-pancreatic/duodenal area only, or (4) hepatic involvement were

followed and studied. (Data from Ref. 19.)
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Chromosome 1 and chromosome 3 are also frequently
deleted in these tumors and predict malignant behavior
of sporadic pancreatic endocrine tumors (33,34). Key
oncogenes suchas cyclinD1 (35) andHER-2-neu (36), as
well as tumor suppressors p16/INK4 (37,38), p27/KIP1
(39,40), Smad4/DPC (41), and p53 (42) are also altered
in gastrinomas as well as other types of pancreatic en-
docrine tumors.

6 BIOCHEMICAL ASSAYS

Because the physical examination is usually not specific
for gastrinoma, the diagnosis of ZES rests mainly on
biochemical assays and imaging (Fig. 3). A fasting se-
rum gastrin level (radioimmunoassay) is usually the first
diagnostic test obtained, and in most instances a con-
firmatory secretin stimulation test should be performed
(Table 3). Whereas a normal fasting serum gastrin is
<150 pg/mL, patients with ZESmay have levels greater
than 1000 pg/mL. In patients with fasting serum gastrin
levels between these extremes, it is essential to rule out
other causes of hypergastrinemia. Concurrent gastric
outlet obstruction, Helicobacter pylori infection, renal
insufficiency, and hyperlipidemia all may lead to ele-
vated levels of gastrin. Patients with atrophic gastritis/
pernicious anemia may also have hypergastrinemia
without ZES as G-cells increase the secretion of gastrin
to compensate for the decreased acid production. It is
for the same reason that patients on proton-pump in-
hibitor (PPI) therapy and patients status postvagotomy
may have elevated serum gastrin. Primary diffuse G-cell
hyperplasia, or pseudo-Zollinger-Ellison syndrome,
may also lead to elevated fasting serum gastrin level
and increased basal acid secretion. A recent study of 239
patients showed that in ZES patients, but not in MEN1
patients, the initial fasting serum gastrin correlates with
the size of the primary tumor, the frequency of lymph
node and liver metastasis, and survival (43).

In patients with normal or intermediate levels of
fasting serum gastrin, a secretin stimulation test is ob-
tained (Fig. 4) (44). Administration of secretin (2 units/

kg intravenously) followed by a rise in serum gastrin
level of greater than 200 pg/mL or a greater than
twofold increase within 15 minutes is diagnostic of
ZES in 90% of patients. This test is sensitive and spe-
cific, as other causes of hypergastrinemia mentioned
above do not respond to secretin with the paradoxical
rise in gastrin level. The calcium stimulation test can
also differentiate ZES from other causes of hypergas-
trinemia (45,46). However, this test is less sensitive and
less specific than the secretin test (47), and is associated
with many systemic side effects (primarily cardiac) from
hypercalcemia.

Measurement of basal acid output (BAO) and max-
imal acid output (MAO) may also be useful in the
management of patients with ZES (48,49). Because
ZES patients are chronically exposed to high levels of
gastrin, their BAO is expected to be high and not very
responsive to further exposure to pentagastrin used in
the provocative test. Their BAO/MAO ratio is there-
fore close to 1.0. However, even after curative resection,
some ZES patients have persistently elevated BAO and
MAO. This is due to the trophic effects of chronic high
gastrinemia on the parietal cell mass. Therefore, the
fasting serum gastrin and secretin stimulation test, and
not BAO and MAO, are used to assess the adequacy
of tumor resection. Postoperative fasting serum gastrin
and secretin stimulation tests are both independent and
significant predictors of 5-year cure (50). BAO and
MAO remain useful indices in following ZES patients
maintained on antisecretory therapy.

In patients with ZES in the context of suspected
MEN1 syndrome, it is important to obtain serum cal-
cium and parathormone (PTH) levels, as well as a pro-
lactin level, to rule out synchronous parathyroid and
pituitary disease. Surgical correction of hypercalcemia
should precede exploration for gastrinomas to lessen
general anesthetic risks. Furthermore, because hyper-
calcemia exacerbates gastrin and acid production (see
above), parathyroidectomy should precede gastrinoma
resection, and parathyroidectomy should be performed
even if the gastrinoma is deemed unresectable (i.e.,
diffuse metastatic disease) (28).

Table 2 Molecular Defects in Gastrinomas and Other Pancreatic Endocrine Tumors

Chromosome deletions Tumor suppressors Oncogenes

Chromosome 1 MEN1—mutated in 25% Cyclin D1 – overexpressed

Chromosome 3 Smad4/DPC – mutated in 50% HER-2/neu – amplified
P16 – promoter hypermethylated
P27 – overexpressed

P53 – rare mutations
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Figure 3 Suggested clinical management pathway. MEN1, multiple endocrine neoplasia, type-1; PRL, prolactin; ZES,

Zollinger–Ellison syndrome; EUS, endoscopic ultrasound.
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7 SERUM MOLECULAR MARKERS

Serum gastrin and chromogranin A (CgA) levels have
been used to assess the response to and completeness of
surgical therapy in ZES patients. Both are very sensitive
and correlate with the presence of disease (51). The se-
rum gastrin level, however, better correlates to tumor

burden and therefore is more useful (51). Stabile and
colleagues have suggested that whereas gastrin is a
product of the tumor itself, CgA elevation is caused
by the trophic effect of gastrin on gastric enterochro-
maffinlike cells (52). The use of serum gastrin in the
diagnosis of ZES is discussed above. Chromogranin A
has a specificity for gastrinoma of approximately 65%
(51) and is therefore best used to follow the response to
treatment in patients with known ZES.

8 LOCALIZATION BY IMAGING

Preoperative localization of pancreatic endocrine tu-
mors (Fig. 5) is an important step in the management of
these patients. As discussed earlier, surgical approach
should be aggressive because it represents the only
chance of cure for these patients. However, when there
is extensive hepatic involvement, the decision for sur-
gical exploration should be made on a case-by-case

Table 3 Indications for Obtaining Serum Gastrin
Measurement

Ulcer disease refractory to medical management
Recurrent ulcer disease after successful treatment

Family history of MEN1
Concurrent hypercalcemia
Concurrent nephrolithiasis

Ulcer disease in children
Pancreatic mass
Unexplained chronic diarrhea
Atypical ulcers

Figure 4 Secretin provocative test. Secretin is given at 2 units/kg intravenously, and the level of serum gastrin is measured over
time. A rise in serum gastrin level of greater than 200 pg/mL or a greater than twofold increase within 15 minutes is diagnostic of
ZES in 90% of patients. This test is sensitive and specific, as other causes of hypergastrinemia do not respond to secretin with the
paradoxical rise in gastrin level. B, baseline. (From Ref. 44.)
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basis. Generally, octreoscan, endoscopic ultrasound,
and a computed tomography (CT) scan ormagnetic res-
onance imaging (MRI) should be performed in all pa-
tients. Other, more invasive studies may be considered,
but in our experience the risks outweigh the benefits.

Often, the first imaging modality obtained is a CT
scan because it is noninvasive and widely available. CT
scan (spiral CT with pancreatic phase protocol) will
usually demonstrate the tumor if it is greater than 3 cm
in diameter, and it is helpful in visualizing hepatic me-
tastases (53,54). Certainly, current CT imaging is more
sensitive than these early reports may suggest. MRI,

especially short-time inversion recovery (STIR)-MRI
may be more sensitive in demonstrating both primary
tumors and hepatic metastases than CT scan (55). All
patients should have either an MRI or a CT scan. The
decision should be determined by the institution’s expe-
rience and available technology.

The most useful imaging modality is the somato-
statin receptor scintigraphy (SRS, also known as Oc-
treoScan). Using 111In-pentetreotide, a recent large
study of 146 ZES patients demonstrated that SRS has
a false-positive rate of 12%, a sensitivity of 71% and a
specificity of 86%, a positive predictive value of 85%,
and a negative predictive value of 52% (56). Because it is
a whole body scan, it has the advantage of localizing
ectopic pancreatic endocrine tumors. Bony metastases
are also detected by SRS, which obviates the use of bone
scans. Many authors have thus recommended SRS as
the first-line imaging modality for pancreatic endocrine
tumors. However, because an experienced surgeon can
detect approximately 30% more gastrinomas at sur-
gery, SRS does not have an impact on the disease-free
rate (57).

A new localization test that is gaining wide use is
endoscopic ultrasound (EUS). A recent study of 82
patients with pancreatic endocrine tumors who under-
went EUS showed that EUS has a sensitivity of 94%, an
accuracy of 97%, and a specificity of 95% for pancreatic
endocrine tumors (58). EUS was able to detect insuli-
nomas, gastrinomas, as well as one glucagonoma and
one somatostatinoma in this series, encompassing both
pancreatic endocrine tumors that occur mostly in the
head of pancreas and tumors that occur uniformly
throughout the entire pancreas. The disadvantage of
EUS as compared to SRS is that it is not as reliable in
localizing extrapancreatic tumors, which is frequently
the circumstance with sporadic gastrinomas.

Other localization studies include the invasivemodal-
ities of selective arteriography with or without intra-ar-
terial injection of secretin/calcium and selective venous
sampling. These studies are limited to large academic
centers and are invasive in nature. They are thus used
only in difficult cases of pancreatic endocrine tumors.

The positron emission tomography (PET) scan has
emerged on the horizon as an exciting and promising
diagnostic study for pancreatic endocrine tumors. The
PET scan utilizes the uptake of labeled tracers that are
metabolic substrates for tumors and the subsequent
metabolic breakdown of the tracers to generate signals.
Two such tracers, 11C-L-DOPA and 11C-5-HTP, have
shown early promising results and performed better
than 18F-FDG in diagnosing pancreatic endocrine
tumors (59–62). Furthermore, because the generation

Figure 5 Preoperative localization studies. (A) Somatostatin

receptor scintigraphy (SRS) demonstrating three somatostain
receptor-positive tumors in the gastrinoma triangle area. (B)
Endoscopic ultrasound (EUS) demonstrating a tumor in the
wall of duodenum. Arrowheads point to tumors.
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of signals is based on regional tumor metabolism, PET
scans can also be used tomonitor the efficacy of therapy.
A combined PET/CT scan merges metabolic and ana-
tomical information, and has been preliminarily applied
to other areas of oncology (63,64). This seems to be a
promising modality in preoperative localization and
may be useful to image pancreatic endocrine tumors.

9 STAGING

Standardized tumor, node, metastasis (TNM) staging
for gastrinomas and other pancreatic neuroendocrine
tumors has been proposed but is still in evolution and
not universally utilized (65). To a large extent, this is due
to the rarity of these tumors and the difficulty in pre-
dicting a given tumor’s biological behavior based upon
traditional pathological criteria. Biological behavior of
these tumors is dependent on the particular type of tu-
mor and a variety of other factors. Gastrinomas are the
most difficult to clearly define. From a practical stand-
point, the most important criteria for determining gas-
trinoma resectability for cure is the presence of distant
metastases involving liver or bone. For gastrinomas,
lymph node involvement is controversial with regard to
impact on respectability for cure and is thought to rep-
resent ‘‘primary nodal tumors’’ in some cases (4,19). In
addition, primary liver gastrinomas have been reported,
thus defying traditional assessment of these tumors
(4,66,67). Moreover, it has been suggested that like
other endocrine tumors there are both benign and ma-
lignant forms of the disease (4,68). Finally, there may
be multiple primary tumors. Nongastrinomas appear to
be more straightforward with regard to lymph node in-
volvement and distant metastases.

For the moment, it is best to fully characterize each
ZES patient with regard to size and exact location of
primary tumor; the size, accurate location, and number
of tumors within lymph nodes; and the full extent of
distant metastases, particularly the exact location and
number of hepatic metastases. Moreover, it is equally
important to carefully follow-up (lifetime) patients to
identify both persistent and recurrent disease.

10 SURGICAL APPROACH

10.1 Gastrinoma

The optimal treatment for sporadic gastrinomas, as for
other neuroendocrine tumors, is complete surgical exci-
sion. Sporadic gastrinomas are now diagnosed early

because of both increased awareness and better diag-
nostic tests (69). Consequently, surgical resection for
cure is more likely. Patient selection for surgery is based
upon the presence ofMEN1 syndrome and preoperative
imaging studies (19,70). Patients with MEN1 syndrome
and gastrinoma without hepatic metastases may be con-
sidered for surgical exploration in selected cases. Pa-
tients with extensive liver involvement by preoperative
imaging are not candidates for curative excision unless
they have (rarely) evidence that the liver contains the
primary tumor.

Preoperative imaging in sporadic gastrinoma pa-
tients is principally important to identify liver metasta-
ses. As for other types of tumors, if the preoperative
studies localize the tumor, this information should be
used in directing the abdominal exploration. Imaging
(conventional and octreotide scan) is positive in ap-
proximately 70% of patients. Patients without liver
metastases or MEN1 should be explored regardless of
whether preoperative imaging demonstrates the pri-
mary tumor (s).

Exploration is usually performed through a midline
incision, although a bilateral subcostal incision may be
appropriate for selected patients depending upon their
body habitus. Laparoscopy to look for liver metastases
as well as exploration may be considered if the surgeon
has sufficient experience with this approach. Since the
vastmajority of gastrinomas (85%) are foundwithin the
gastrinoma triangle, initial exploration should be direc-
ted there (Fig. 1) and any tumor identified by preoper-
ative imaging studies (11). Perform a Kocher maneuver
to expose the duodenumand pancreatic head. The colon
hepatic flexure may need to be mobilized inferiorly to
effectively expose this region. The head of the pancreas
should be bimanually palpated. Fat and attachments to
the colon or stomach should be cleared to allow careful
inspection. Small suspicious nodules can be safely
enucleated and sent for frozen section histology. These
nodules can vary in size from 5 mm to several centi-
meters, and there may be more than one tumor present.
Althoughwe have enucleated gastrinomas as large 4 cm,
larger masses may require pancreaticoduodenectomy to
avoid pancreatic duct leak and excessive bleeding. If
more than one tumor is identified, these should be
individually excised rather than attempting a ‘‘radical
oncological resection.’’ In sharp contrast to its sensitiv-
ity for identifying pancreatic insulinomas, we have not
found intraoperative ultrasonography helpful in local-
izing gastrinomas.

Next, the duodenum should be carefully palpated.
Many small occult gastrinomas are often found within
the wall of the duodenum. Most often they are in the
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second portion, but can be identified within any portion
of the duodenum. Gastrinomas are rarely in the stom-
ach or proximal jejunum, although these areas should
not be overlooked. A useful technique to identify these
tumors is to transilluminate the bowel with an upper
endoscope (71). They will appear as a dark spot against
the lighter red background of the bowel. Brunner’s
gland adenomas and heterotopic pancreas have a sim-
ilar appearance, but they can be distinguished by frozen
section biopsy. Performing duodenotomy, which should
be performed even if duodenal transillumination fails to
reveal tumor, can also identify small duodenal gastri-
nomas. The duodenotomy (longitudinal 3 cm) is made
at the junction of the second and first portions of the
duodenum, and the entire duodenum should be pal-
pated. It is important to remember these tumors are
submucosal and do not have the typical mucosal
appearance of a gastrointestinal adenocarcinoma.

Next, all lymph nodes around the pancreatic head, in
particular, the retropancreatic lymph nodes, should be
excised. This includes lymph nodes along the inferior
vena cava and medial border of the aorta. The hepato-
duodenal ligament should be thoroughly explored. All
lymphatic tissue should be sent for frozen section.
Dissection should proceed towards the hilum of the
liver, excising all suspicious masses and lymph nodes.

The liver should be carefully palpated. Suspicious
nodules should be removed by wedge resection. Formal
hepatic lobectomy may be necessary in selected cases
where a single large metastasis is present. Generally,
patients who have liver involvement have extensive dis-
ease at presentation and curative resection is not fea-
sible. Rarely, a liver primary gastrinoma is present and
curative resection can be accomplished. The remainder
of the pancreas should be carefully palpated. Tumors
within the body and tail are more often malignant. The
lesser sack should be entered through the avascular
fusion within gastrocolic ligament on the left side of
the abdomen. The pancreas body and tail should be
mobilized and palpated. The splenic hilum should be
carefully inspected.

The remainder of the exploration should include the
stomach, proximal jejunum, greater omentum, kidneys,
and ovaries. It is important to remember that gastrino-
mas may be multiple, extrapancreatic, and extraintesti-
nal in location. Thorough search is mandatory.

In approximately 10% of patients, exploration fails
to lead to localization of the primary tumor or, if a tu-
mor is found, the patient may still be hypergastrinemic
postoperatively. These experiences have led us to em-
phasize the following general guidelines for exploration.
Perform a thorough evaluation of the abdomen, but
focus on the gastrinoma triangle. Some gastrinomas

may be within the liver and may never be identified un-
less imaging studies are positive and can direct surgical
exploration. The most likely location of a missed gas-
trinoma is within the duodenum, and careful and
exhaustive inspection should always be performed there.
Most gastrinomas are extrapancreatic in sharp contrast
to their classification as ‘‘pancreatic neuroendocrine
or islet tumors,’’ and every nodule and lymph node,
without exception, should be sent for frozen section
biopsy.

Since a patient may have multiple tumors, either as
multiple primaries or micrometastases, there clearly is a
need to determine completeness of resection at the time
of operation. A rapid gastrin radioimmunoassay that
yields results in 60 minutes can be used to assess com-
pleteness of resection (72,73), but has not gained wide
acceptance. Prior to initiation of exploration, a baseline
study is performed with injection of secretin (2 u/kg)
and measurement of serum gastrin at 2, 4, and 6 min-
utes. The study is then repeated after the surgeon is
convinced he has excised all gastrinoma tissue. The
utility of such a test is to direct the surgeon to further
explore the patient with the intent of identifying and
resecting additional tumor. Long-term studies need to
validate this approach.

Radioguided surgery ideally would improve gastri-
noma cure rates (74). Unfortunately, some gastrinomas
are not identified by octreotide scan. Furthermore, a
given patient may have multiple tumors, only some of
which may label effectively with octreotide. Nonethe-
less, with further refinements in the hand-held gamma
probe technology as well as better tumor markers, this
technique may prove valuable.

Life-long follow-up is essential for patients with
sporadic gastrinoma. Repeat serum fasting gastrin lev-
els should be obtained immediately after surgery and at
6 months. Thereafter, these biochemical tests should be
repeated annually with imaging studies. For patients
with recurrent disease, usually the secretin stimulation
test will be positive before elevation of the baseline
fasting gastrin. Proton pump inhibitor therapy should
be continued through the initial postoperative period to
avoid rebound hyperacidity in the face of possible
persistent hypergastrinemia. As much as 50% of pa-
tients may have persistent hypergastrinemia after ex-
cision for cure (75). We reserve reoperation for patients
who have persistent hypergastrinemia and have tumor
identifiable by imaging studies.

10.2 Nongastrinoma

Like gastrinomas, the optimal treatment for nongastri-
noma pancreatic neuroendocrine tumors is complete
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surgical excision. In contrast to gastrinomas, these
tumors are symptomatic due to their size and readily
identified by imaging studies. These tumors are usually
malignant and rarely extrapancreatic. In contrast to
gastrinomas, surgical exploration and formal pancre-
atic resection should be performed rather than tumor
enucleation. (Insulinomas discussed in Ch. 45.)

11 MEDICAL THERAPY

Patients with gastrinoma should be immediately trea-
ted with antacid therapy with either proton pump
inhibitors or H2-receptor antagonists. Octreotide may
also be added to the regimen. Once stabilized, they
should be evaluated for surgical therapy. Patients who
cannot be cured surgically must continue with med-
ical therapy. The proton pump inhibitors [omeprazole
(76,77), lansoprazole (78–80), pantoprazole oral (81)
and intravenous (82), rabeprazole (83)] are the most
effective medications for controlling acid secretion and
are preferred to H2-receptor antagonists [cimetidine
(84), ranitidine (85), famotidine (86), nizatidine (87)].
Proton pump inhibitors are vastly superior because
they require less frequent dosing, have less tachyphy-
laxis, and breakthrough hyperacidity is uncommon
(77,88–92). Measurement of gastric acid production
is generally recommended to initially monitor efficacy
of the antacid therapy (93). Gastric acid secretion
should be less than 10 mEq/h for the hour prior to
the next dose. If not, the dose should be increased until
acid secretion is sufficiently suppressed. Patients with
previous acid-reducing surgical procedures should
have lower acid production (<5 mEq/h). It is impor-
tant to use sufficient drug to control acid production to
avoid acute complications related to peptic ulcer dis-
ease such as bleeding and perforation. Compared to
nongastrinoma patients, higher doses of these medica-
tions may be required to achieve ulcer and esophagitis
healing and control diarrhea and pain. Helicobactor
pylori is not a risk factor for peptic ulceration in ZE
patients, and, based upon current studies, patients do
not need routine antimicrobial therapy (94). The
potential complications of prolonged use of potent
antacid therapy include malabsorption of vitamin
B12. Patients should be monitored periodically for the
development of B12 deficiency and anemia (95). In rats
treated for 2 years with omeprazole, gastric ECLomas
developed, which raises a concern for ZE patients who
may require life-long therapy (96). Gastric carcinoids
arising as a consequence of antacid therapy, however,
have not been convincingly demonstrated in humans
(97).

12 CHEMOTHERAPY, BIOTHERAPY,

AND RADIATION THERAPY

Standard chemotherapy is at best modestly effective,
and, as formost solid tumors, better therapies need to be
developed. Tumors may respond for 2–3 years but even-
tually become resistant. Because of the rarity of these tu-
mors, few prospective randomized controlled trials have
been published. The response to chemotherapy is partic-
ularly difficult to evaluate because often no distinction is
made between the various types of neuroendocrine tu-
mors and carcinoids included in the trial. In addition,
often patients with gastrinoma in lymph node are con-
sidered to have malignant disease and are grouped with
patients with liver metastases. Clearly, surgical survival
data demonstrates that these two patient groups have
vastly different survival expectations (Fig. 2).

Of the standard chemotherapy agents tested, strep-
tozocin (STZ)-based therapies have been the most ef-
fective, and combination therapy is generally better
than STZ alone (98–101). One of the larger randomized
cooperative group trial comparing STZ/doxorubicin,
STZ/fluorouracil (5FU), and chlorozotocin (CTZ)
demonstrated a 69% response rate and improved
median survival with the STZ/doxorubicin combination
(102). This study is often quoted as the best available
therapy trial, but results (retrospective analysis) using a
similar regimen at another institution have challenged
this recommendation (103). Other regimens have been
less effective or ineffective. DTIC (5-dimethyltriazeno-
imidazole-4-carboxamide)-based therapies have a mod-
est response (104–106). Single-agent therapy with either
carboplatin, mitoxantrone, or etoposide is not effective
(107–109).

Biotherapy with interferon-a, which has been used
extensively to treat carcinoids, is thought to have some
efficacy in a few small phase II trials with pancreatic
neuroendocrine tumors (110). Interferon-a combined
with octreotide is the most effective regimen reported
(111,112). Interferon-a either alone (113) or combined
with 5-FU (114) has minimal activity. These trials
frequently suffer from the same limitations hindering
chemotherapy trials: nonrandomized, small sample size,
heterogeneous tumor types included, and inadequate
distinction between liver and lymph node involvement.
Similar to the streptozotocin based chemotherapy clin-
ical trials described above, randomized control trials
need to be performed to determine what role, if any,
interferon-a has in treatment of sporadic gastrinomas
and other neuroendocrine tumors.

Octreotide, a long-acting synthetic analogue of so-
matostatin, potently inhibits both the secretion and the
peripheral actions of hormones and biological amines
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produced by neuroendocrine tumors. Octreotide, how-
ever, does not have a clearly defined role in the treat-
ment of gastrinoma as it does for other endocrine
tumors such as carcinoid. This is primarily because
antacid therapy with proton pump inhibitors is very
effective in controlling symptoms of Zollinger-Ellison
syndrome. Octreotide is administered parenterally three
times daily and the injections can be painful, which
reduces patient compliance. In addition, there is tachy-
phylaxis with long-term therapy. Similar to other pro-
ton pump inhibitors and the H2-receptor antagonists,
the omeprazole dose must be titrated to effect. Therapy
can be monitored by improvement in symptoms and
reduction in serum gastrin levels, which is more con-
venient than monitoring gastric acid production. Once
the patient has demonstrated a response to octreotide,
he should be converted to one of the longer-acting pre-
parations (either octreotide LAR or lanreotide) (115,
116). The efficacy is the same for both octreotide and the
longer-acting preparations, and patient compliance
should be higher with monthly (octreotide LAR) or
twice-monthly injections [lanreotide (117)].

There have been anecdotal reports of octreotide
inhibiting tumor progression, but there has not been a
randomized control trial showing a survival advantage
(118–121). A recent prospective study of octreotide
therapy in 15 patients with gastrinoma hepatic meta-
stases demonstrated either tumor stabilization or a
decrease in tumor size in approximately 50% of patients
studied (115). If octreotide were proven effective bio-
therapy, it might be a reasonable alternative to standard
chemotherapy or be used as an adjunct to other thera-
pies such as chemoembolization of liver metastases. In
addition, it could have a role in prevention or treatment
of gastric ECLomas that might arise with long-term
antacid therapy.

Because of the high affinity of octreotide for gastri-
nomas, there is great promise of radionuclide therapy
with radiolabeled somatostatin analogues. This radio-
ligand is internalized into the tumor cell and can induce
cell cytotoxicity. Preclinical and phase I trials suggest
that radiolabeled somatostatin analogs [DOTA, Tyr(3)]
octreotide and [DOTA, Tyr(3)]octreotate may be effec-
tive in a subset of patients with gastrinoma (122). Fur-
ther work in this area is essential to determine whether
this strategy will be effective.

13 PALLIATIVE THERAPY

Patients with hepatic or other distant metastatic disease
can have an indolent course, and every effort should be

made to surgically resect all identifiable tumors. Med-
ical therapy with proton pump inhibitors and octreotide
will generally control the ravages of peptic ulcer disease
in ZES. Rarely, total gastrectomy may be required.
Lesser procedures such as vagotomy and antrectomy
are not recommended. Likewise, blind resection of
the pancreas is usually ineffective. Isolated hepatic or
lung metastases should be resected with curative intent
(123). Chemotherapy or biotherapy, although not cura-
tive, should be offered, as some patients will respond to
therapy.

Patients with extensive liver involvement pose a great
challenge. One surgical option is liver transplantation.
Although it is encouraging that some patients have
achieved prolonged survival, unfortunately, this is a
risky procedure, and in the immune-compromised state
many of these patients may later succumb to recurrent
disease (124,125). Transplantation should be reserved
for patients who are not candidates for other cytore-
ductive therapies. Radiofrequency ablation or cryosur-
gery alone or in combination with partial hepatec-
tomy or chemoembolization may also be considered
(126,127).

Transcatheter arterial chemoembolization (TACE)
is an alternative procedure. Because the liver has a dual
vascular supply and hepatic metastases derive the
majority of blood from the hepatic artery, the regional
delivery of chemotherapy can achieve higher tumor
doses than systemic therapy. The hepatic artery embo-
lization of tumor vessels can induce selective metastasis
ischemia and necrosis. The combination of these two
strategies, or chemoembolization, may be synergistic
(128–134). Such an approach may palliate the symp-
toms of many patients with liver-dominant metastases.

14 PROGNOSIS

14.1 Gastrinoma

Functional endocrine tumors pose two different prob-
lems with regard to treatment and prognosis: control of
hormone-related symptoms and control of tumor pro-
gression. ZES cure is defined as surgical resection of all
gross tumor with resolution of symptoms, normal post-
operative fasting serum gastrin levels, and a negative
postoperative secretin stimulation test (19). ZES cure
rates vary from center to center (34–85%) (19,67), but
using current treatment strategies with earlier diagnosis
and aggressive surgical management survival is much
better than historically thought (135). Some patients,
however, who are not surgically ‘‘cured’’ never have
progression of their disease, and their survival can be
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similar to patients who have been surgically ‘‘cured.’’ In
one large prospective series, the overall survival during a
15-year follow-up period was excellent with 16% of
patients having ZES-related cause of death (7). The
hormonal effects of their gastrinoma may be controlled
with antacid therapy and octreotide. Consequently, pa-
tients rarely die as a consequence of the hormonal effects
of their tumors. As long as the tumor does not distantly
metastasize, they may survive with their tumor con-
trolled with medical therapy.

The prognosis for patients with sporadic gastrinoma
is primarily determined by the presence of distant (liver
and bone) metastases at the time of operation (4). In
fact, it is unusual for a patient who does not have liver
metastases at the time of initial exploration to later
develop liver metastases (<10%) (4,7,19). We have
found that patients with primary tumor located to the
left of the mesenteric vessels more often (20% vs. 40%)
have liver metastases (12). Generally, patients can be
placed into one of four broad groups. The first group
consists of patients with a clear diagnosis of gastrinoma,
who are found to have a pancreatic, duodenal, or peri-
pancreatic primary tumor that is resected at operation.
The second group has tumor within lymph node(s).
Gastrinoma in a lymph node may represent either a
so-called nodal primary tumor or metastatic disease
(19). In either circumstance, these patients have similar
survival rates to patients within the first group. The
third group (f10%) consists of patients in which no
tumor is identifiable at exploration. These patients, like
those in the first two groups, have a favorable prognosis.
The fourth group (f20%) has liver metastases at the
time of operation. These patients have a less favorable
prognosis, but these tumors can be slow growing and
should be treated aggressively (20,123).

14.2 Nongastrinoma

Most other pancreatic endocrine tumors, with the no-
table exception of insulinomas, have a poor prognosis.
Surgical resection is the only means to a cure. Chemo-
therapy, biotherapy, and hepatic cytoreduction should
be attempted in advanced cases. These tumors can be
quite aggressive, however, and the patient will often
eventually succumb to inanition from hepatic metas-
tases.
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Pancreatic surgical procedures range from enucleation
of solitary small peripheral subcapsular tumors to seg-
mental or total pancreatectomy. Accurate localization
and protection of the pancreatic and biliary ducts in
enucleations and segmental resections are the keys to
successful outcome. Patients undergoing distal pancrea-
tectomies should have vaccinations against pneumo-
coccal andmeningococcal infections, antibiotic prophy-
laxis, and cleansing of the colon prior to surgery. Open
pancreatic surgery is performed throughmidline or sub-
costal incisions.

1 SURGICAL ANATOMY

The pancreas extends from the duodenal sweep to the
splenic hilus and has a triangular configuration (Fig. 1).
It is surrounded by the gastric antrum, duodenum,
jejunum, transverse mesocolon, and spleen (Fig. 2).
The posterior surface is adjacent to the right kidney
and hilus, the inferior vena cava, and aorta, and the
superior mesenteric vessels lie between the neck of the
pancreas and the uncinate process. The distal bile duct
traverses the pancreatic head. The blood supply is
derived from the celiac trunk and the superior mesen-
teric artery and the venous flow parallels the arteries,
draining into the splenic, superior mesenteric, and
portal veins.

2 MOBILIZATION OF THE PANCREAS

Entry into the lesser sac exposes most of the pancreas
(Fig. 3). The anterior surface of the pancreatic head is
exposed after ligation and division of the epiploic
(omental) vessels and blunt separation of the transverse
mesocolon, which is draped over the anterior pancreas
(Fig. 4). The entire duodenum is mobilized down to the
third portion until the middle colic and superior mes-
enteric veins are exposed. The posterior pancreatic sur-
face is separated from the inferior vena cava and aorta,
and the superior mesenteric vessels are freed from the
body of the pancreas along avascular planes (Figs. 5,6).
The distal pancreas is separated from the transverse
mesocolon, and the lienocolic ligament is divided.

Unless the entire anterior and posterior surfaces are
freed, inspection, palpation, and ultrasonographic ex-
amination of the pancreas is inadequate. More than
90% of pancreatic endocrine tumors can be localized by
preoperative imaging and intraoperative manual and
ultrasonographic examination of the thoroughly mobi-
lized pancreas.

3 ENUCLEATION OF TUMORS

Small peripheral subcapsular tumors can be enucleated
after intraoperative sonographic determination of prox-
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Figure 1 The pancreas, stomach, spleen, and biliary
structures shown in situ. The locations of the gastroduodenal

artery, gastroepiploic arcade, and common bile duct must be
appreciated prior to entry into the lesser sac, mobilization of
the duodenum, and portal dissection.

Figure 2 The gastrocolic omentum has been incised and the
lesser sac entered.

Figure 3 With the stomach elevated, the broad attachment

of the transverse mesocolon to the pancreas is appreciated. A
probe is depicted in the epiploic foramen.

Figure 4 Exposure of the anterior surface of the pancreas
has been performed. The transverse mesocolon is to be

incised, exposing the inferior border of the pancreas.
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imity of the tumor to the pancreatic duct, choledochus,
and blood vessels (Fig. 7). The presence of pericapsular
desmoplastic reaction permits ennucleation with mini-
mal blood loss.

4 DISTAL PANCREATECTOMY WITH OR

WITHOUT SPLENIC PRESERVATION

Separation of the splenic vessels from the tail of the
pancreas allows for splenic preservation and is not
technically difficult. Division of the splenic vein during
distal pancreatectomy requires preservation of the gas-
tro-splenic ligament and vasa brevia for venous outflow.

Distal pancreatectomy requiring splenectomy begins
with division of gastro-splenic, lieno-colic, lieno-renal,
and lieno-phrenic ligaments. Mobilization of the
spleno-pancreatic pedicle is facilitated by ligation and
division of the splenic artery running along the superior
pancreatic border distal to the celiac trunk, using 0 silk.
The splenic vein, located posteriorly, is divided at the
time of transection of the pancreas (Fig. 8).

After transection of the pancreas, the stump is closed
with interrupted mattress sutures of 2-0 silk approx-

imating the anterior and posterior capsules. Closure of
the pancreatic duct is desirable but not essential.

5 CENTRAL PANCREATECTOMY

Tumors in this location can be resected with adequate
margins and minimal morbidity, with distal pancre-
atico-jejunostomy preserving the spleen and endocrine
as well as exocrine functions.

The central pancreas is separated from the superior
mesenteric and splenic vessels. The central pancreatic
artery is isolated and divided between ligatures or
preserved, depending on anatomical variability. Fol-
lowing resection, the cephalic pancreatic stump is closed
with interrupted sutures with or without separate liga-
tion of the duct. A Roux-Y end-to-side pancreatico-
jejunostomy is constructed at a distance of 40–50 cm
from the restorative jejuno-jejunostomy (Fig. 9). A
single row of interrupted sutures of 2-0 silk without
invagination is sufficient. In the presence of a dilated
duct, a duct-to-mucosa anastomosis with interrupted 5-
0 Prolene should be done with burying of the pancreatic

Figure 5 The root of the colonic mesentery has been
mobilized and the venous tributaries of the infrapancreatic

superior mesenteric vein (SMV) divided. The ligated gastro-
epiploic and middle colic veins are depicted. The SMV is
mobilized to the third portion of the duodenum and the first

jejunal branch identified.

Figure 6 An extended Kocher maneuver is performed with
the duodenum and pancreatic head elevated off of the great
vessels.
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Figure 7 A neuroendocrine tumor of the pancreatic head is shown, and the close proximity to the common bile duct (CBD) and
pancreatic duct (PD) emphasized. Safe enucleation requires sonographic determination of these crucial anatomical relationships.

Figure 8 (a,b) The distal pancreas has been transected and the spleen mobilized, save for the lienocolic ligament.
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stump in a seromuscular pocket of the jejunum. The
seromuscular plane is created with injection of saline
and blunt separation of the muscular layer down to
submucosa. The intramural pocket should conform to
the size of the pancreatic stump, and the mucosal open-
ing should be equal to the size of the duct. The posterior
suture line should be done first and the anterior closure
after the duct to mucosa anastomosis using interrupted
2-0 silk (Figure 9).

6 PANCREATICO-DUODENECTOMY

The steps in the exposure and mobilization of the
pancreas have been described at the beginning of this
chapter. Resectability is determined after ascertaining
absence of distant metastases and during separation of
the pancreas from the major vessels.

6.1 Resectional Phase

With an extended Kocher maneuver completed and the
SMV exposed, the dissection in the hepatoduodenal
ligament is begun. The gastroduodenal artery is ligated
and divided. Cholecystectomy is performed and the
common hepatic duct is transected above the junction
with the cystic duct. The portal vein is exposed and
bluntly separated from the duodenum, hepatic artery,
and bile duct. During dissection within the hepatoduo-
denal ligament, attention should be paid to possible
vascular aberrations, particularly if preoperative imag-
ing raised questions of anomalous anatomy.

Pancreatico-duodenectomy can be performed with
or without preservation of the pylorus, depending on
the extent of the tumor, adequate blood supply to the
proximal duodenum, and preference of the surgeon.
The distal stomach or proximal duodenum is divided
with a stapler and the proximal jejunum is freed after
dividing the ligament of Treitz. The jejunal mesentery
and vessels are ligated and cut, and the jejunum and dis-
tal duodenum are transposed to the right side. The mes-
enteric defect is closed to prevent internal herniation.

Dissection along the uncinate process is the Achilles’
heel of this procedure. Major bleeding during or after
operation can occur from branches of the superior
mesenteric artery or from the venous tributaries of the
mesenteric and portal veins. In extended pancreatico-
duodenectomy, segments of the superior mesenteric or
portal veinsmay have to be resected and interposition of
internal iliac vein graft may be necessary. After place-
ment of traction sutures, the pancreas is transected with
scalpel or electrocautery (Fig. 10).

6.2 Restorative Phase

The proximal jejunum is transposed into the supra-colic
space through the transverse mesocolon. An entero-
tomy is made about 10 cm from the blind end, large
enough to accommodate the pancreatic stump. An end-
to-side pancreatico-jejunostomy is constructed with
interrupted 2-0 silk sutures approximating pancreatic
capsule to full thickness jejunum. A dilated pancreatic
duct can be used for duct-to-mucosa anastomosis with
the described technique (Fig. 11) while stenting of the
anastomosis is used routinely in small pancreatic ducts.
The two types of pancreatico-jejunal anastomoses are
equally effective.

An end-to-side hepatico-jejunostomy is constructed
using a single layer of absorbable suture. Stents or t-
tubes are not routinely used.Gastrointestinal continuity
is restored with an end-to-side antecolic anastomosis of
either the distal stomach or proximal duodenum to the
jejunum at a distance of 30–40 cm from the bilio-enteric
anastomosis. The gastroenteric anastomosis can be of
the Polya or Hofmeister type using stapling or hand-
sewn techniques.

The opening in the transverse mesocolon should be
closed around the transposed jejunum to prevent inter-
nal herniation, and drainage of the hepatico- and pan-
creatico-jejunostomies is required.

Figure 10 The resectional stage of the pancreaticoduode-
nectomy is complete with the duodenum mobilized, common

hepatic duct, stomach, and jejunum divided, and the pancreas
transected.Division of the venous tributaries to the portal vein
(PV) and superior mesenteric vein and separation of the

specimen from the lateral border of the superior mesenteric
artery are crucial as arterial injury is a major and avoidable
cause of postoperative hemorrhage.
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Figure 11 (a–d) End-to-side pancreaticojejunostomy is constructed on a dilated duct using duct-to-mucosa anastomosis. Dotted

lines indicate stent location, but stenting is routinely performed only in ducts of normal caliber.
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1 INTRODUCTION

Laparoscopy was first used for visual examination of
the pancreas in 1911; this was revisited in 1972 where
again examination of the pancreas using laparoscopy
was suggested (1,2). The advent of laparoscopic ultra-
sonography (3–5), alongwith improvement of surgeons’
technical capabilities, have established a new chapter in
the diagnosis, staging, and management of unresectable
pancreatic carcinoma (6–8). This approach was, how-
ever, slow to gain acceptance for resection of malignant
pancreatic lesions due to the highmorbidity andmortal-
ity in operating on this retroperitoneal structure. A new
milestone in pancreatic surgery was set by Gagner and
Pomp in 1993 (9) when they challenged the surgical field
and explored unbroken territories. They performed
a laparoscopic pylorus-preserving pancreatoduodenec-
tomy for a patient with chronic pancreatitis localized in
the head of the pancreas with pancreas divisum.
Although technically feasible, the laparoscopicWhipple
procedure did not improve the postoperative outcome
or shorten the postoperative recovery period. Attention
was then drawn to more benign lesions, including
laparoscopic distal pancreatectomy with splenectomy
for chronic pancreatitis (10) and laparoscopic resections

of islet cell tumors by enucleation or distal pancreatec-
tomy (11). Laparoscopic pancreatic surgery began to
gain acceptance and popularity (12) in the mid-1990s.
Laparoscopic distal pancreatectomy or enucleation was
felt to be technically feasible, safe, and seemed to benefit
patients by shortening their hospital stay with no recur-
rence of disease (11,13–15). Hand-assisted techniques
were also attempted with success (16,17). There is a
growing worldwide interest in performing laparoscopic
enucleation or distal pancreatectomy for islet cell
tumors (18–34).

2 INDICATIONS FOR ISLET CELL

TUMOR REMOVAL

In 1869, Paul Langerhans described islands of richly
innervated characteristic cells distributed throughout
the pancreas. Each islet is a well-organized,micro-organ
consisting of several different cell types that are arranged
in a typical format. In the core are insulin-producing
beta-cells (h-cells). The peripheral zone contains various
peptides, including alpha-cells (a-cells) that produce
glucagon and delta-cells (y-cells) that produce somato-
statin. Other polypeptides that are secreted include
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pancreatic polypeptide, vasoactive intestinal peptide
(VIP), and growth hormone–releasing factor, just to
name a few.

Insulinoma is by far the most common islet cell tu-
mor. More than 90% of these are benign, often solitary,
and distributed about a third each in the head, body,
and tail of the pancreas. It measures<1 cm in about
40% and<2 cm in 90% of cases. In situ, the lesion
usually appears darker in color than the surrounding
pancreas and is frequently found to have a network of
small vessels around it. Patients can present with a
spectrum of neurological, cardiovascular, and gastro-
intestinal symptoms due to hypoglycemia and catechol-
amine release. The classic finding is the Whipple’s triad,
whereby the patient experiences (a) hypoglycemia dur-
ing fasting or exertion, (b) blood sugar<45 mg/dL at
the time of symptoms, and (c) symptoms ameliorated
by oral or intravenous glucose. Diagnostic studies in-
clude elevated serum insulin level (normal<30 AU/mL),
insulin-to-glucose ratio ofz1.0, and C-peptide suppres-
sion test. Provocative tests may be necessary in equiv-
ocal studies with high clinical suspicion. These include
intravenous tolbutamide test (80% sensitivity), intra-
muscular glucagon test (70% sensitive), oral glucose
tolerance test (60% sensitive), and intravenous calcium
infusion test. Preoperative localization studies remain
controversial as intraoperative ultrasound has 75–90%
sensitivity. Depending on localization, surgical manage-
ment should be enucleation or distal pancreatectomy
with or without splenectomy (35).

Glucagonoma derives from alpha-cells and is usually
found in patients over 50 years of age. Patients may
present with the classic necrolytic migratory erythema
whereby there is migratory, scaling rash with intense
puritus, usually in the groin and lower extremities. The
plasma glucagon level can exceed 1000 pg/mL The
lesion tends to be large (>4 cm), malignant, and found
within the body and tail of the pancreas. About 70% of
patients are found to have liver metastasis at the time of
diagnosis (36).

Other pancreatic endocrine lesions are rare, tend to
be large, and have a higher malignant potential, i.e., gas-
trinomas. These lesions may be better approached via a
standard laparotomy.

3 PREOPERATIVE CONSIDERATIONS

Patients undergo standard preoperative work-up, in-
cluding conventional blood tests, chest radiograph,
electrocardiogram, and computed tomography (CT)
scan. Preoperative endoscopic ultrasound (EUS) is

performed in most cases. In anticipation of possible
splenectomy, triple vaccination against S pneumoniae,
H influenzae, and N meningitidis is routinely adminis-
tered. A modern state-of-the art operating room is
equally important and must be equipped with high flow
insufflators, Xenon light sources, a digital mixer that
permits switching from laparoscopic view to laparo-
scopic ultrasonography, or have them on the same
screen in a split mode (Fig. 1).

4 SURGICAL TECHNIQUE

The patient is under general anesthesia and should have
large intravenous access for aggressive resuscitation; an
arterial line may also facilitate hormone monitoring
during the procedure. The patient is positioned in a
supine, split-leg fashion with anchoring supports at
both feet. Foam wedges should be placed under the left
flank to elevate the retroperitoneal structures. In some
cases, a steeper right-sided decubitus with the left side
up about 45 degrees is necessary. In fact, the degree of
patient rotation is variable and primarily determined by
surgeon preference, similar to the variation of patient
position for laparoscopic splenectomy. However, pa-
tients are generally positioned with more rotation of the
left side upwards for a distal pancreatectomy compared
with an enucleation procedure. Foley catheter, veno-
dyne boots, and an orogastric tube should be in place
prior to final positioning. The surgeon stands between
the patient’s legs, with the scrub nurse to the patient’s
left side and the first assistant to the patient’s right. Two
video monitors, placed above each of the patient’s
shoulders, are usually used (Fig. 1).

The initial 10 mm port should be placed at supra-
umbilicus and pneumoperitoneum established to 15mm
Hg. A state-of-the art 3-chip or digital camera coupled
with a 30-degree angle scope is used (Figs. 2, 3); a gen-
eral inspection of the abdomen should be performed to
eliminate metastasis, especially on the liver surface. A
total of five trocars are generally required, though the
precise number and size of trocars may vary depending
on the patient’s body habitus, the surgeon’s comfort,
and the size of the available instruments. In order to use
an endoscopic linear stapler and perform laparoscopic
ultrasonography, a 12 mm port is necessary. This port
should be placed on the left side at mid-clavicular line
just below the level of umbilicus to facilitate smooth in-
sertion of the stapler across the pancreas and thorough
scanning with the ultrasonographic probe. The remain-
ing cannulae are usually 5 mm ports for Maryland dis-
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sector (Fig. 4), curved scissors (Fig. 5), and retracting
instruments.

4.1 Exposure and Mobilization of the Pancreas

With the patient in slight reverse Trendelenburg, the
stomach is grasped and the gastrocolic ligament and
distal inferior short gastric vessels lateral to the gastro-
epiploic artery are divided (Fig. 6). The splenic flexure of
the colon is also mobilized. These can be performed
using the ultrasonic dissector, bipolar cauthery (Liga-
sure, Valleylab, Boulder, CO) or simple diathermy and/
or clips. Once access to the lesser sac is achieved, the
posterior peritoneum is then incised along the inferior
and superior borders of the body and tail of the pan-
creas using both sharp and blunt techniques.

A high-definition linear array laparoscopic ultra-
sound probe is then inserted via the 12 mm port
(Fig. 7). A systematic approach in localizing the lesion
is essential. Most surgeons prefer a 6.5–7.5 MHz fre-
quency to scan the ventral and dorsal surfaces of the
head, body, and tail of the pancreas searching for the
lesion, which should appear hypoechoic (Fig. 8). Its
spatial relationship to surrounding structures such as
pancreatic duct, splenic vessels, portal vein, superior
mesenteric vessels, and spleen should be noted.

4.2 Laparoscopic Distal Pancreatectomy with

Splenectomy

The splenic vessels are divided at the planned line of
pancreatic transection, using either clips or endoscopic
staplers (2.0 or 2.5 mm in height and 45 mm in length;
TycoHealthcare, Norwalk, CT). The pancreas and
splenic vein are usually divided as a single unit with an
endoscopic stapler, and the vein stump doubly secured

with clips if possible. The pancreas is then mobilized
from body to tail, in retrograde fashion (Fig. 9).

For resection of lesions in the tail of the pancreas
an alternative approach is sometimes taken, in which
the spleen and pancreas are mobilized prior to division
of the splenic vessels and the pancreas. Ligamentous

Figure 6 Exposure of the lesser sac content by opening the
gastrocolic ligament.

Figure 9 Laparoscopic distal pancreatectomy; the linear
stapler divides and closes the pancreatic parenchyma.

Figure 7 Laparoscopic probe.
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attachments of the spleen are divided, and the posterior
spleen and tail of the pancreas are mobilized from the
retroperitoneum, dissecting from lateral tomedial, in an
antegrade direction along the pancreas (Fig. 10).

After transecting the pancreas, the proximal stump is
inspected for hemostasis and to ensure closure of the
main pancreatic duct. If a patent duct is visualized, it is
suture ligated intracorporeally, using a fine nonabsorb-
able, monofilament suture . Oversewing the proximal
stump with a fine, nonabsorbable, monofilament, run-
ning suture may improve hemostasis and decrease
leakage. The technique of buttressing an endoscopic
mechanical stapler with strips of bovine pericardium
has been shown to have preliminary success in resection
of pulmonary bullous areas (37,38). Applying a similar
technique to pancreatic transection may decrease post-
operative leak. Specimens are removed from the abdo-
men using sturdy, nonporous laparoscopic retrieval
bags to prevent tissue spillage. When the opening of
the retrieval bag is pulled out above the abdominal wall,
ring forceps are used to morcellate the spleen while
preventing intra-abdominal spillage. The umbilical tro-
car site is enlarged to 2.0–2.5 cm for removal of the
pancreatic specimen. The abdomen is reinsufflated to
check for hemostasis and a closed suction drain placed
near the pancreas. Trocar sites greater than 5 mm dia-
meter are closed. Splenectomy may be indicated when
the lesion is at the very tip of the pancreas or when
preservation of splenic vessels is not feasible. At times

when the vein is densely adhered to the dorsal surface of
the pancreas, it may be more feasible to divide it as a
single unit with an endoscopic vascular stapler.

4.3 Laparoscopic Distal Pancreatectomy with

Splenic Preservation

Following the laparoscopic exposure of the pancreas
described above, the inferior border of the pancreas is
dissected from the retroperitoneal fat until the splenic
vein is reached posteriorly and superiorly. The tail of the
pancreas is then gently grasped with 5 mm atraumatic
forceps and retracted anteriorly and inferiorly to expose
the transverse branches of the splenic artery and vein.
These vessels are divided with the ultrasonic shears or 5
mm titanium clips until the desired length of pancreas is
achieved. The entire pancreatic tail and body are mobi-
lized, up to the portal vein if necessary. The pancreas is
transected with an endoscopic linear stapler (Fig. 11).
Occasionally, it is transected with an ultrasonic shear
(Ethicon EndoSurgery, Cincinnati, OH) or bipolar de-
vice (Ligasure, Valleylab, Boulder, CO) to decrease
blood loss. The specimen is extracted in a rigid plastic
bag through a minimally enlarged umbilical incision.
Laparoscopic distal pancreatectomy with or without
splenectomy should be performed when enucleation is
not feasible or indicated.

4.4 Laparoscopic Distal Pancreatectomy with

Splenic Vessels and Spleen Preservation

The spleen-preserving techniques are particularly indi-
cated for patients with benign diseases, since lympha-
denectomy is expected to be insufficient for curative
intent in malignancies (39).

Dissecting and clipping the superior edge of the
pancreas from the vessels emerging from the splenic
vein and artery is the most commonly performed
splenic preservation technique (Figs. 12–15). This tech-
nique requires a longer operative time and laparoscopic
surgical expertise, and, unfortunately, vascular damage
when performing this procedure might occur due to the
delicate maneuvers necessary in the upper margin of the
pancreas.

4.5 Laparoscopic Enucleation of Islet Cell

Tumors

Laparoscopic enucleation should be performed on le-
sions felt to be benign, technically achievable due to its
surface location or its physical distance away from vital
structures. LIOUS is routinely used to confirm theFigure 10 Laparoscopic distal pancreatectomy with en bloc

splenectomy.
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location and relationship to the pancreatic duct and
peripancreatic vessels. Once the islet cell tumor is local-
ized, the dissection is carried out between the tumor and
the normal parenchyma using an electrocautery hook or
ultrasonic coagulating shears (Figs. 16, 17). Since insu-
linomas tend to have a vascular network, it is useful to
dissect with electrocautery hook or ultrasonic device in
one hand, while retracting and exposing with a suction
tip in the other. A margin of normal parenchymal tissue
should be included. The pancreatic vessels feeding the
tumor are ligated with medium to large titanium clips.
Once the tumor is completely enucleated, it is extracted
in a small sterile bag through the 12mmport (Fig. 18). A
closed suction drain is placed in the lesser sac at the
enucleation site. Depending on the depth of the defect
and general appearance of the surrounding tissue, the
enucleated crater may be filled with fibrin glue, though
its efficacy in decreasing postoperative leak has not been
determined (Fig. 19) (40,41).

4.6 Hand-Assisted Laparoscopic Pancreatectomy

Conventional laparoscopy has been proven to be diffi-
cult in cases involving large tumors, massive intraoper-
ative bleeding, dense adhesions, malignant diseases (43),
and obesity (42). Hand-assisted laparoscopic surgery
may have an advantage in these groups of patients (43).
This technique basically involves the assistance of the
surgeon’s nondominant hand while still performing a
laparoscopic procedure. It can be used either as the
initial or as an intermediary step in cases in which the
surgeon faces technical difficulties (34).

Although only a few such cases have been reported,
the advantages described include the possibility of using
the assistance of the hand for dissection (palpate and
identify tissues) (42,44), to mobilize large organs (44),
for access to the utilization of instruments (42), for
protection of the wound during the extraction of malig-
nant specimens (42), to shorten the operative time
required, and to utilize of the fingers to rapidly stop
unexpected bleeding.

4.7 Postoperative Care

Nasogastric tubes are removed intraoperatively in all
patients. Clear fluids are routinely begun on the evening
of surgery. Patients are advanced to a regular diet after
they pass flatus. Fluid from the closed suction drain is
routinely sent for amylase level determination on post-
operative day 3. The drain is removed when it contain
only serous fluid and the amylase level is approximately
equal to serum level.

4.8 Complications

The incidence of bleeding in pancreatic open resections
reported byHalloran et al. in 2002was found to be 4.8%
(45). Factors like dense adhesions between the pancreas
and the vessels (e.g., chronic pancreatitis) (46,11),
increase the incidence of intraoperative hemorrhage.
Topreventbleeding, ligatureof the splenic arteryas close
as possible to its origin might reduce the risk of major
bleeding and could also be used as an attempt to reduce
thesizeofthespleen(47), facilitatingthesubsequentsteps
of the operation. Hemorrhage is a threatening compli-
cation that can also occur postoperatively and manifest
itself as a sero-sanguineous fluid coming out from the
drain or, if severe, with hemodynamic instability. Re-
operation is the rule for the latter groupof patients,while
a conservative management can be achieved for the
former one.

Pancreatic fistula is a notorious complication of
distal pancreatectomies and enucleations, showing a

Figure 16 Demonstration on the use of a laparoscopic hook

with cauthery for enucleation of an islet cell neoplasm.

Figure 15 Splenic vessel branch dissection.
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higher incidence among the latter group of patients. Fis-
tulization is the most common complication reported in
laparoscopic series (17.9%) and seems to be higher than
those reported in open series [10.4% (45), 5% (48)]. The
symptoms of this complication will primarily depend on
the fistula output, varying from small peripancreatic
collections up to high output fistulas, requiring total
parenteral nutrition, somatostatin analogs, or even
reoperation.

Distal pancreatectomies for chronic pancreatitis usu-
ally carry a lower incidence of pancreatic fistula or leak
due to the firm consistency of the gland (34) as opposed
to a normal, soft pancreas.

There is consensus about leaving adrain near the pan-
creatic stump, which helps manage a pancreatic fistula
and prevents pancreatic ascites. The utilization of soma-
tostatin analogs (Sandostatin. Novartis AG, Switzer-
land) has been proposed to prevent fistulas or accelerate
their closure. This proposed attempt to reduce the
complication has not been confirmed to be effective;
multiple trials had different outcome (45). If a fistula
happens to occur, its management does not differ from
the standard treatments. In general, external pancreatic
fistulas are managed conservatively with continuous
aspiration from the drain, clinical surveillance, octreo-
tide and enteral or even total parenteral nutrition, as
most (>80%) fistulas have a successful outcome and
close nonoperatively (49). Reoperation might be
required in those cases that do not respond to conserva-
tive medical management (49). Fortunately, based on
the literature, these kinds of fistulas rarely occur after a
laparoscopic resection.

Occasionally a fistula will manifest itself as a fluid
collection near the pancreatic stump or enucleated area.
These collections are best treated percutaneously due to
lowered morbidity and mortality rates (50) instead of
reoperation. The success rate for percutaneous drainage
in postoperative pancreatic infected collections was re-
ported by Cinat et al. to be 75% (51). Abdominal pain,
fever, and leukocytosis are themost common presenting
symptoms. In these cases, surgery must be strongly
considered when a second percutaneous attempt has
failed (51). Splenic abcesses often follow splenic-pre-
serving procedures for spleen salvage. In his original
description, Warshaw had 1 splenic abscess out of 22
patients, which occurred after 8 weeks. Splenomegaly
might be a contraindication for this procedure, since
these kinds of spleens require a greater vascular supply
and short gastric vessels alone might be insufficient.

Splenic abscesses will present with abdominal pain
and fever, Tc99 sulfur colloid spleen scan will show
abnormal uptakes and CT scan reveal sufficient or
insufficient blood flow (52). Depending on each partic-

ular case, either drainage (53) or splenectomy (54)might
be performed to treat these patients.

Infarction of the spleen can follow a pancreatic re-
section and happens only after splenic-preserving pro-
cedures, but could also appear after conventional
spleen-sparing distal pancreatectomy. We recommend
looking at the spleen before finishing the procedure and
evaluating the need for splenectomy if major ischemia
exists, since it can lead to abscess formation or severe
postoperative pain. In Gagner’s series, one patient pre-
sented with ischemic spleen after a spleen-sparing distal
pancreatectomy, which necessitated removal (34).

4.9 Mount Sinai Series

Indications for laparoscopic pancreatic resection in-
cluded cystic lesions (10 patients) neuroendocrine tu-
mors (7), chronic pancreatitis (1), and schwannoma (1).
Pathological diagnoses of the cystic lesions are cystade-
nocarcinoma (1), serous cystadenoma (2), mucinous
cystadenoma (5), ductal papillary hyperplasia (1), lym-
phoid cyst (1), and congenital cyst (1). An unsuspected
small pancreatic adenocarcinoma was discovered in the
distal pancreatectomy specimen for chronic pancreati-
tis. Of the neuroendocrine tumors, four were insulino-
mas and three were nonfunctioning islet cell tumors (34)
(Table 1).

The median operating time was 4.4 hours (range 1.6–
6.6). Median blood loss was 200 mL (range 20–4000).
Four patients (21%) received blood transfusions during

Table 1 Types of Tumor Removed by Laparoscopic Distal

Pancreatectomy, Mount Sinai Series

Tumor type No.

Chronic pancreatitis 8
Pancreatic adenocarcinoma 3 (1)

Neuroendocrine tumors: 59
Insulinoma 49 (6)
Nonfunctioning tumor 6 (3)
Gastrinoma 2

VIPoma 1
Functioning tumor in MEN-1 1

Cystic pancreatic lesion: 58

Mucinous cystadenoma 34 (5)
Serous cystadenoma 18 (2)
Cystadenocarcinoma 2 (1)

Ductal papillary hyperplasia 2 (1)
Lymphoid cyst 1 (1)
Congenital cyst 1 (1)

Schwannoma 1
Nesidioblastoma 1
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the hospital stay. Distal pancreatectomy with splenec-
tomy was performed in 12 patients (63%). Spleen-
preserving procedures were planned preoperatively in
4 of 15 patients (27%) undergoing distal pancreatec-
tomy. Three of four spleens (75%) were successfully
preserved, and one was removed because it appeared
ischemic following completion of the pancreatic resec-

tion. Five patients (18%) underwent laparoscopic enu-
cleation of islet cell tumors (Table 2).

Sixteen of 19 (84%) pancreatic resections were com-
pleted laparoscopically. One distal pancreatectomy ad-
hered to the splenic vein and artery. Two patients (11%)
were converted from laparoscopic (5%) to a hand-
assisted technique because the cystic mass was densely
to open procedures: one due to bleeding, and the second
for a suspicion of malignancy in a patient with a 6 cm
solid tumor on CT scan in which splenic hilar invasion
was discovered at laparoscopy. Cystadenocarcinoma of
the pancreatic tail was confirmed pathologically.

The major morbidity rate was 16%, and the minor
morbidity rate was 10%, for a total morbidity of 26%.
There were two minor postoperative complications:
superficial phlebitis and prolonged ileus. Pancreatic
fistulas developed postoperatively in three patients
(16%): one patient who had an enucleation (25%), one
patient who underwent distal pancreatectomywith sple-
nectomy (8%), and one patient after spleen-preserving
distal pancreatectomy (33%). Two of the patients with
fistulas had the longest hospital stays of 18 and 26 days,
respectively. The third patient had an initial hospital
stay of 5 days and was readmitted to hospital several
days later. All three patients were treated with CT-
guided percutaneous drainage of a peripancreatic col-
lection and total parenteral nutrition (TPN). They were
discharged home on TPN until the fistula closed.

There were no late postoperative complications and
no deaths within 30 days of surgery. The median length

Table 2 Intraoperative Data and Types of Technique

Variables Literature
Mount Sinai
experience

Mean operative timea 3.7 h 4.1 h
Range 1.7–6.6 h 1.6–6.6 h

Median blood loss 300 mL 200 mL
Rangeb 100–733 mL 20–4000 mL
Type of resectionc

Distal pancreatectomy
with splenectomy

57 (43.8%) 13 (59%)

Distal pancreatectomy

with spleen preservation

46 (35.4%) 4 (18%)

Enucleation 27 (20.8%) 5 (18%)
Techniqued

Completed laparoscopically 123 (86.6%) 20 (90.9%)e

Converted to laparotomy 19 (13.3%) 2 (9%)

a Literature total 137 patients.
b Literature range is the mean range of series.
c Literature total 125 patients.
d Literature total 128 patients.
e One patient converted to hand-assisted.

Table 3 Laparoscopic Pancreatic Series: Postoperative Results

First author,
year No. Morbidity (%)

Minor
complication

(%)

Major
complication

(%) Leak (%)

Mortality
after 30
days (%)

Hospital
stay (days) Ref.

Gagner, 2002 22 31.5 13.5 18 18 0 7 34

Fernandez-
Cruz, 2002

18 27.7 0 27.7 27.7 0 5 61

Melotti, 2002 25 32.4 13.6 18.8 18.1 0 9 62

Fabre, 2002 13 38 23 15 15 0 7 63
Ferraina, 2002 5 20 0 20 20 0 5.3 64
Shinchi, 2001 2 0 0 0 0 0 7 43

Lo, 2000 3 33 0 33 33 0 NR 27
Mahon, 2001 3 0 0 0 0 0 4.7 65
Berends, 2000 10 50 20 30 20 0 7 26
Salky, 2000 7 28 28 0 0 0 4 13

Vezakis, 1999 6 33 0 33 33 0 34.5 25
Park, 1999 5 20 0 20 20 NR 5 22
Chapuis, 1998 5 20 8 31 8 0 4.7 15

Cuschieri, 1996 5 40 20 20 20 0 12
Total 142 31.6 10.8 20 17.9 0

(n = 137)
7.4

(n = 139)
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of postoperative hospital stay (LOS) was 6 days (range
1–26 days). In patients who had an uncomplicated
course, the mean LOS was 5 days, whereas patients
with complications had a mean LOS of 12 days,
although this difference was not statistically significant.

4.10 Discussion and Review of the Literature

Since distal pancreatectomy is similar to adrenalectomy
in that a relatively large incision is required to remove a
small lesion, the potential benefits of the minimal access
approach are therefore substantial. The operative and
postoperative results of laparoscopic pancreatic resec-

tion appear to be acceptable. Operative times of just
over 4 hours are identical to open pancreatectomy series
(48).

Patients generally have minimal postoperative pain,
a very short-lasting ileus, and a quick return to normal
activity. An average of 7 days postoperative hospital
stay compares favorably with the 10–15 days reported in
open series (48,55). Total morbidity of 26%may appear
high, but it is actually at the low end of the range of
morbidities reported in other open and laparoscopic
series (20–60%) (Tables 3, 4) (15,48,55,56).

The 16–18% pancreatic fistula rate in Mount Sinai
series may also seem high, but the denominator is small.
Broughan et al. reported a low fistula rate (6%) in a

Table 4 Laparoscopic Distal Pancreatectomy and Enucleation Series: Peri-Operative Data

First author,
year No.

Operation
time (h) Enucleation

Distal
pancreatectomy

Pancreatectomy
‘‘spleen preserving’’

Conversion
(%) Ref.

Gagner, 2002 22 4.1 5 17 4 13.5 34

Fernandez-
Cruz, 2002

18 4.5 4 14 10 11.1 61

Melotti, 2002 25 2.8 3 22 17 0 62

Fabre, 2002 13 4.7 0 11 10 15.4 63
Ferraina, 2002 5 3.2 2 3 3 0 64
Shinchi, 2001 2 6.6 0 2 0 NR 43
Lo, 2000 3 NR 1 1 1 33 27

Mahon, 2001 3 1.7 0 3 2 0 65
Berends, 2000 10 3 5 1 NR 40 26
Salky, 2000 7 3.7 — — — — 13

Vezakis, 1999 6 5.0 0 6 5 33 25
Park, 1999 5 5,0 0 5 NR NR 22
Chapuis, 1998 5 2.4 3 2 — 20 66

Gagner, 1997 13 4 4 9 — 30.7 15
Cuschieri, 1996 5 4.5 0 5 5 0 12

Total 142 1.7–6.6
(range)

27 103 57 14.8a

(n = 128)

a The conversion rate of 142 patients is 13.3.

Table 5 Open Distal Pancreatectomy Series: Postoperative Results

First author,
year No.

Operation
time (h)

Morbidity
(%)

Minor

complication
(%)

Major

complication
(%)

Leak
(%)

Mortality

after 30
days (%)

Hospital
stay (days) Ref.

Lillemoe,
1999

235 4.3 31 NR 31 5 0,9 10 48

Benoist,
1999

40 NR 63 5 58 23 0 15 55

Broughan,

1986

84 — 24 — 24 6 3.6 — 57

Total 359 4.3
(n = 235)

32.9
(n = 359)

5
(n = 40)

32.3
(n = 359)

7.2
(n = 359)

1.4
(n = 359)

10.7
(n = 275)
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relatively large series of 84 patients with an open re-
section (Table 5) (57).

The laparoscopic procedures may have a complica-
tion rate of 31%, similar to recent series of open pan-
creatic procedures (33%) (48,55,57) Only 29 patients
(20%) had a major complication following the laparo-
scopic procedures, and these complications were mostly

due to a pancreatic leak (86%) (Table 6). The leak rate
(mean 17.9%; range 0–33%) seems higher when com-
pared with the same open series (mean 7.2%; range 5–
23%). An appropriate control of fistulas and peri-
pancreatic collections was always possible with CT-
guided percutaneous drainage. Only in two cases did
the pancreatic leak lead to reoperation. In addition, the

Table 6 Reported Complications Following a Laparoscopic Distal Pancreatectomy

First author

(Ref.) No. cases Surgery Complication Treatment

Cuschieri (10) 5 5 DP+S 1 Pancreatic fistula Resolved spontaneously
Gagner (11) 7 3 E 1 Major bleeding (splenic vein)a Multiple titanium clips

4 DP Small infected collectiona Percutaneous drainage

Vezakis (25) 4 4 DP 2 Pancreatic fistula Percutaneous drainage and PN
Ueno (67) 1 1 DP Small splenic infarct (1 month) Resolved spontaneously
Cuschieri (42) 4 2 HADP+S 1 Intraop. bleeding Conversion

1 HACG — —
1 HACJ — —

Patterson (34) 17 10 DP+S 1 Intra-op bleeding Conversion
1 Pancreatic fistula CT-guided percutaneous

drainage and PN
3 DP 1 Pancreatic fistula
4 E 1 Pancreatic fistula

Fabre (63) 13 13 DP 2 Intraop bleeding from
splenic vein

Conversion (1 splenectomy)

1 Pancreatic fistula Conservative

2 Liquid cysts
1 Bleeding from trocar Reoperation

Fernandez-Cruz (54) 11 5 DP Perforated duodenal ulcer Reoperation

2 LIGD — —
4 TCG — —

Park (22) 28 9 CGLSA 1 Myocardial infarction Death
1 Necrotizing pancreatitis Multiple (open) debridement

5 MLIGCG — —
11 TCG 2 Postop bleeding Transfusion
3 LCJ — —

23 21 DP 2 Intraop bleeding Transfusion
1 Pancreatic fistula Percutaneous drainage

2 HADP 1 Wound infection NR

Gramatica (68) 9 4 E 1 Pancreatic fistula Resolved spontaneously
4 DP 1 Pleural effusion
1 DP+S 1 Fluid collection

Mahon (65) 3 2 DP Urinary retention Catheterization

1 DP+S
Fernandez-Cruz (61) 16 4 E 2 Pancreatic fistula Drainage

12 DP 3 Pancreatic fistula Drainage

1 Splenic abscess Splenectomy
1 Intraop bleeding Controlled w/stapler

DP: Distal pancreatectomy; S: splenectomy; CGLSA: cyst gastrostomy by the lesser sac approach; MLIGCG: mini-laparoscopic intragastric cyst

gastrostomy; TCG: transgastric cyst gastrostomy; LCJ: laparoscopic cyst jejunostomy; HADP: hand-assisted distal pancreatectomy; HACG:

hand-assisted cyst gastrostomy; HACJ: hand-assisted cyst jejunostomy; E: enucleation; NR: nonreferred; PN: parenteral nutrition; LIGD:

lsaparoscopic intragastric drainage.
a Surgery not specified.
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pancreatic leak rate was higher in the enucleation
patients than the distal pancreatectomy patients. In
addition there were 9 patients (11%) with intra-abdomi-
nal infections in that series, which are usually associated
with pancreatic leaks, therefore the true pancreatic leak
rate is probably underestimated. Thus, the rate of post-
operative pancreatic fistula formation in the Mount
Sinai series is comparable to open series. It is interesting
that all three of the pancreatic leaks presented as
peripancreatic collections, despite the presence of a
functioning closed-suction drain in each patient. One
could speculate that this phenomenon is due to
decreased adhesion formation after laparoscopic versus
open surgery and therefore an increased risk of fluid
collection formation if a pancreatic leak occurs.

The consistency of the pancreatic parenchyma has
previously been shown to correlate with the pancreatic
fistula rate after distal pancreatectomy (58,59). The firm
pancreas as seen in chronic pancreatitis is associated
with a lower fistula or leak rate than the normal, soft
pancreas. The large open series reported by Lillemoe et
al. had only a 5% incidence of fistula formation, but
24% of their patients were the low-risk group with
chronic pancreatitis. In the Mount Sinai series, only 1
of 19 patients (5%) had chronic pancreatitis, and thus
our fistula rate is expected to be higher than the 5%
incidence in Lillemoe et al. study (48).

Pancreatic lesions requiring resection should be care-
fully evaluatedand selected for a laparoscopic approach.
Laparoscopic distal pancreatectomy for adenocarci-
noma of the pancreatic tail is controversial. Unfortu-
nately, patients with these lesions rarely present with
curable disease. Laparoscopic resection for islet cell
neoplasms and cystic lesions is feasible, but they are
not widely performed. Insulinomas are ideal lesions for
laparoscopic resection as they are usually single and
benign. Proven principles of open pancreatic surgery
must be adhered to in laparoscopic resection, and insu-
linomas close to the pancreatic duct should be resected
rather than enucleated. In retrospect, this was probably
the case in our patientwhodeveloped apancreatic fistula
after enucleation of a 1.5 cm insulinoma from the neckof
the pancreas.

Laparoscopic pancreaticoduodenal resection (pallia-
tive) was successfully attempted for amalignant islet cell
tumor invading the duodenal lumen and causing bleed-
ing by Gagner in 1997, while he was at the Cleveland
Clinic, during a live surgery for the AHPBA (Ameri-
can Hepato-Pancreato-Biliary Association). First per-
formed in 1993 (9), laparoscopic pancreaticoduodenec-
tomy remains in question because of the technical
difficulty and the prolonged operating time, which

may outweigh the potential benefits of the minimal
access approach (60). In the series of 10 patients, the
operative time required to perform a laparoscopic
Whipple procedure averaged 8.5 hours, the rate of
conversion to laparotomy was 40%, and the mean
hospital stay was 22.3 days (15). Huscher from San
Giovanni Hospital in Rome has recently revisited this
procedure and may have better results due to improved
instrumentations than were available 10 years ago. This
will need to be confirmed by multiple teams and com-
pared with open surgery.

5 CONCLUSION

One decade after the first laparoscopic pancreatic resec-
tion, the literature continues to show encouraging out-
comes for laparoscopic distal pancreatectomies and
enucleations. These procedures are technically feasible
and result in acceptable complication and mortality
rates. As with other laparoscopic procedures, the bene-
fits include reduced postoperative pain, better cosmetic
results, shorter hospitalization, and lower rate of major
complications. Laparoscopic enucleation or distal pan-
createctomy with or without splenectomy is technically
feasible, safe, and benefits patients. The ability to avoid
a large incision and perform resection of an islet cell
tumor that is predominantly small and benign is a
meaningful advantage of laparoscopic surgery. Local-
ization of these lesions by intraoperative inspection of
the pancreas and contact ultrasonography has added
significant merit to this approach.

At the current time, given the small number of
patients included in the series, the relatively short fol-
low-up, and the possible increased risk of pancreatic
leak, the laparoscopic approach needs further study.
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1 INTRODUCTION

The multiple endocrine neoplasia (MEN) syndromes
are rare and fascinating autosomal dominant inherited
conditions, each characterized by a cluster of endocrine
neoplasms. The first recognizable description ofMEN1,
byErdheim (1) in 1903, was of a patientwith acromegaly
and four enlarged parathyroid glands. In 1954, Wermer
(2) described the syndrome of familial pituitary, para-
thyroid, and pancreatic islet cell neoplasia and coined
the term ‘‘adenomatosis’’ of the endocrine glands. Wer-
mer’s syndrome is synonymous with MEN1.

MEN2 is dominated by the development of medul-
lary thyroid cancer and pheochromocytoma. Hyper-
parathyroidism is less common and relatively insig-
nificant in MEN2A and does not occur in MEN2B.
Individuals withMEN2B have amarfanoid habitus and
pathognomonic facies. Familial medullary thyroid can-
cer (FMTC) is a variant of MEN2 without associated
features.

Sipple (3) first described the association of thyroid
carcinoma and phaeochromocytoma in 1961, and the
MEN2A syndrome is sometimes referred to as Sipple’s
syndrome. In 1968 Gorlin et al. (4) and Steiner et al. (5)
described the MEN2B syndrome.

Although largely unrecognized until recently, in-
creased awareness of these syndromes led to concerted
efforts to determine the cause, natural history, and opti-
mal management. Determination of the genes respon-
sible forMEN1 andMEN2 has dramatically altered the
management of these syndromes, especially MEN2. In
the case of MEN1, genetic testing determines which
kindred members are carriers of the mutant gene and
therefore require screening and early management of
endocrine tumors. MEN2 is possibly the finest model
yet of a condition in which genetic testing allows specific
surgical prophylaxis against tumor development.

1.1 Background

MEN1 results from a germline mutation of the MEN1
gene. Subsequent somatic mutation of the wild-type
allele causes loss of function of this growth-suppressor
gene. In MEN2, germline mutation confers a gain of
function in the RET proto-oncogene. In both MEN1
and MEN2 penetrance is almost complete in carriers of
the mutant gene, while the disease expression is varied.
Interestingly, in MEN2 a strong genotype-phenotype
correlation is found, while inMEN1 no such correlation
is found. Both MEN1 and MEN2 may also arise as de
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novomutations, which are then heritable. The variation
in expression of MEN1 is remarkable. While hyper-
parathyroidism (HPT) is the most common initial man-
ifestation, the other associated lesions may present in
any order, or not at all.

Before the genetic revolution, the diagnosis ofMEN1
required confirmation of the presence of two of the three
major associated endocrinopathies in an index case and
one lesion in a relative. There were frequent cases of
uncertainty. The lack of a ubiquitous, early biological
marker of disease meant that all kindred members
required repeated, intensive screening with biochemical
tests and imaging.

In MEN2A, diagnosis in an index case was also
unlikely prior to development of a second tumor. How-
ever, screening in kindreds was simpler than in MEN1,
if not perfect. Basal and pentagastrin-stimulated calci-
tonin levels usually became positive well before clinical
evidence of medullary thyroid cancer (MTC). But pen-
tagastrin-stimulated calcitonin testing is unpleasant,
and positive results did not universally occur at an early
stage of disease. Conversely, false-positive results some-
times occurred.

Historically, complications due to hormone secretion
were the major causes of morbidity and mortality in
MEN1: in particular, peptic ulcer due to gastrinoma
and hypoglycemia due to insulinoma. InMEN2, hyper-
tensive stroke and cardiac disease due to pheochromo-
cytoma were frequent causes of death, but medullary
carcinoma was the main cause of death. Modern med-
ical and surgical treatment has altered the natural
history of both syndromes, and now malignant trans-
formation is the most significant clinical problem: pan-
creatico-duodenal malignancy in MEN1 and MTC in
MEN2.

The minimally invasive revolution in surgery has had
the most impact on MEN2A. Laparoscopic adrenalec-
tomy has become the preferred approach to benign
adrenal tumors, including bilateral pheochromocy-
toma. However, the approach toMTC, which demands
lymph node dissection, is necessarily via an adequate
open exploration. Similarly, there is little enthusiasm for
parathyroidectomy and thymectomy by either video-
assisted or endoscopic means in MEN1. Pancreatico-
duodenal disease is multifocal, and while only one of
the tumors may be responsible for a clinical syndrome
such as hyperinsulinemia, difficulty in identifying the
secreting lesion precludes laparoscopic pancreatic tu-
mor enucleation. Furthermore, most surgeons would,
by preference, perform more extensive surgery such as
left pancreatectomy plus enucleation of any cephalic
tumors for insulinoma inMEN1. Such surgery might be

performed laparoscopically in some patients, by some
surgeons, perhaps with robot assistance, but the day has
not yet arrived when this is a routine option.

While hyperparathyroidism is the common feature of
MEN1 and MEN2A, it is of major clinical importance
usually only in MEN1. It is the most common first
expression of MEN1 and usually requires surgery, the
appropriate extent of which is debated. Radical excision
risks troublesome hypocalcemia in young patients,
while less radical excision risks persistence or recur-
rence. In contrast, in MEN2A the main concern with
respect to the parathyroid glands is usually the preser-
vation of adequate function after thyroidectomy for
treatment or prophylaxis of medullary thyroid cancer.

Despite greatly increased knowledge of the genetics
and natural history of the MEN syndromes and a sig-
nificant body of experience in management of these rare
syndromes in specialist centers, there remain controver-
sies. The major contentious issues are:

1. The timing and extent of surgery for the
Zollinger-Ellison syndrome (ZES) in MEN1

2. The extent of lymph node surgery for clinical
MTC in MEN2

3. The age at which prophylactic thyroidectomy
should be performed in gene carriers in MEN2

4. The role of lymph node clearance associated with
prophylactic thyroidectomy for MEN2

2 MULTIPLE ENDOCRINE NEOPLASIA

TYPE 1 (WERMER’S SYNDROME)

Multiple endocrine neoplasia is characterized by the
development of endocrine neoplasms of the parathy-
roid, pancreas, and pituitary. The true prevalence of
this condition is unknown. Shepherd (6) has empha-
sized the existence of unrecognized MEN1. The spora-
dic occurrence of each of the component disorders is
indeed much more common than in association with
MEN1. Peptic ulcer, for example, is a very common
disease, usually treated adequately by modern medica-
tions, and unless it presents in an unusual fashion may
not evoke MEN1. Many cases of endocrine tumor are
either asymptomatic or minimally symptomatic and
may go entirely unrecognized during the life of the pa-
tient. Variable expression of the syndrome is such that
the associated endocrinopathies often present meta-
chronously and may be separated by many years: 39
years in one reported case (7).

In 1982 only 3 patients with MEN1 were known in
Tasmania, an Australian island with a population of
about 450,000. Thorough investigation of relatives led

Proye and Farrell584



to the discovery of about 250 cases within 10 years—a
prevalence of about 1 in 1800. There may be yet more
undiagnosed cases in different families. Reported esti-
mated rates in other countries vary from 1 in 5000 to1 in
500,000 (8,9).

2.1 Genetics

The MEN1 gene was first cloned in 1997 by Chandra-
sekharappa et al. (10). It is situated on the long arm of
chromosome 11 at 11q13. It contains 10 exons and
encodes a 610-amino-acid protein, menin. The means
by which menin acts as a tumor suppressor are not
understood. Agarwal et al. (11) have shown that menin
interacts with the activating protein 1 (AP1) transcrip-
tion factor JunD and represses JunD-activated tran-
scription. MEN1 mutations are enormously diverse,
occurring in and around the open reading frame of
MEN1 with a different mutation found for most fami-
lies. More than 250 mutations have been identified.
When subsequent somatic mutation or loss of the
second MEN1 allele occurs in a cell, neoplastic clonal
expansion may occur. Loss of function of both alleles
is evident in about a quarter of sporadic varieties of
MEN1 tumors (12).

Genetic mutations at the MEN1 locus have been
identified in 80–90% of families with clinical MEN1
(13). The difficulty in testing for MEN1 in the proband
is that there are no hot spots. Failure to find a genetic
mutation in a proband does not exclude MEN1. More
extensive testing of the gene may be required. Unlike in
MEN2, no general correlation between genotype and
phenotype has yet been found, but some mutations may
be harbingers of a more aggressive disease (14).

2.2 Clinical Features

InMEN1,more than 90%of individuals develop hyper-
parathyroidism by the age of 35, 30–75% develop clini-
cally significant pancreatico-duodenal tumors (while
more than 80% have demonstrable lesions at necropsy),
and 15–30% develop clinically significant pituitary tu-
mors. Approximately 80% of individuals express some
clinical form of the syndrome by the age of 50, although
occasionally no clinical expression occurs despite being
a gene carrier (15).

The first manifestation of the syndrome is hyper-
parathyroidism in 43% of patients, pancreatico-duode-
nal tumor in 33%, and pituitary tumor in 23%. About
40%of gastrinomas and 5%of insulinomas occur in the
setting of MEN1.

A number of other lesions are associated with the
syndrome. These include adrenal cortical tumors, cuta-
neous or visceral (angio)lipomas, facial angiofibromas,
collagenomas, foregut-derived carcinoids, rarely pheo-
chromocytoma, fibrosarcoma, meningioma, and epen-
dymoma (Table 1).

2.3 Hyperparathyroidism in MEN1

While hyperparathyroidism is the feature that most
often leads to diagnosis of MEN1 and occurs in vir-
tually 100% of gene carriers by the age of 50 (12), only
2–4% of patients with primary hyperparathyroidism
have MEN1 (12,16). In general only patients with a
suggestive family history, patients younger than 40
years of age, and those with multigland disease should
be considered for further clinical or genetic investiga-
tion. The age of onset and clinical severity of HPT is
markedly varied, but HPT usually occurs around 20–25
years of age and is present in 90% by 35 years of age
(12). Burgess et al. (17) have shown significant osteopo-
rosis even in young women with MEN1 HPT. Signifi-
cant and symptomatic hypercalcemia is common and
may even lead to hypercalcemic crisis.

The pathological nature of HPT in MEN1 is not
entirely clear. The distinction between adenoma and
hyperplasia is not straightforward, and no universal or
reliable tools for the pathologist exist. Some authors
have reported the possibility of single gland disease in
MEN1 (18–20). Friedman et al. (21) showed the mono-
clonality of most parathyroid lesions in MEN1. On this
basis it might be argued that independent tumors arise,
possibly on the background of hyperplasia. However,
because of the invariable development of four-gland

Table 1 Clinical Characteristics of MEN1

Syndrome

Key features
Primary hyperparathyroidism: >95%
Pancreatic/duodenal endocrine tumour: 30–75%

Pituitary tumor: 20–40%
Other features
Adrenocortical tumors

Bronchial, thymic, and gastric carcinoids
(Angio)Lipomas
Cutaneous angiofibromas and collagenomas

Ependymomas
Clinical diagnosis
Two key features in index case

One key feature in relative
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disease over time and histological features consistent
with hyperplasia including the absence of a rim of
normal tissue, we and other authors continue to view
this disease as nodular hyperplasia (22,23). Marked
asymmetry of the glands is noted; some appear normal
early in the disease (24). However, all glands are even-
tually involved, and recurrence of HPT in those patients
treated by resection of only enlarged glands is very high
(20,25). Some authors have proposed the existence of a
circulating mitogenic factor for parathyroid tissue in
MEN1 (26).

There is a possibility that a new class of drugs, cal-
cimimetics, may alter or delay the indications for sur-
gery by lowering serum calcium through stimulation of
calcium receptors (27).

2.3.1 Surgery for Hyperparathyroidism in MEN1

The indication for surgery is the presence of demon-
strable hyperparathyroidism whether or not it is symp-
tomatic. Two different surgical strategies are practiced
by experts in this field. The first is subtotal parathy-
roidectomy (24,28), which is our preferred strategy (see
below); the second is total parathyroidectomy with
autograft (30). It is clear that performance of anything
less than subtotal parathyroidectomy results in a high
rate of recurrence and cannot be supported (28).

Preoperative localization prior to initial parathyroid
surgery has little place in MEN syndromes because of
the need for complete exploration and thymectomy.
Localizing studies including sestamibi scintigraphy are
less accurate in multigland disease than in the typical
uniglandular disease of sporadic HPT. Nevertheless,
sestamibi scan may be useful if it identifies a mediastinal
lesion inaccessible to cervical thymectomy or a subman-
dibular lesion, best seen on oblique views, which allow
separation of the image of the undescended parathyroid
from the salivary gland.

Whatever the surgical strategy, the thymus should be
resected as completely as possible using the transcer-
vical route for two reasons. First, in MEN1 supernum-
erary parathyroids are found in the mediastinal thymus
in about 30% of cases (28). Second, especially in men,
thymic carcinoid tumours develop in 5% of cases and
may be lethal. Normally 6–10 cm of mediastinal thymus
can be extracted via the neck.

If exploration fails to find one of the glands, it is
preferable to have available intraoperative PTH assay
to confirm biological cure in perhaps 2% of cases with
only 3 glands. In our experience a drop in PTH by 50%
at 10 minutes is not an adequate marker of cure in
patients with multigland disease including MEN1. A

fall of PTH to subnormal levels is required to be con-
fident of long term-cure.

2.3.2 Subtotal Parathyroidectomy

The surgical strategy should be to identify all four
parathyroid glands and any supernumerary glands.
The thymus and all of the parathyroids should be re-
sected, leaving a well-vascularized remnant of the most
normal gland (Fig. 1). The remnant should be the size
of one or two normal glands (30–60 mg), marked by a
metal clip and/or permanent suture. Preferably the rem-
nant should be an inferior parathyroid because of its
more superficial location in the neck and greater dis-
tance from the recurrent laryngeal nerve, which reduces
difficulty and risk in case of reoperation or alcohol abla-
tion. It is not necessary to leave a remnant in propor-
tion to the overall volume of parathyroid tissue. Larger
remnants lead to recurrent disease. Cryopreservation of
parathyroid tissue should be available because of the
risk of hypoparathyroidism after initial or reoperative
surgery. In the absence of significant bone disease, cal-
cium replacement is not usually required in the early
postoperative period.

2.3.3 Total Parathyroidectomy and Autograft

All four glands should be identified and excised. Super-
numerary glands should also be removed and a cervical
thymectomy carried out. The autograft is prepared from
fresh parathyroid by dicing about 60 mg of the most
normal parathyroid tissue into multiple morsels about 1
� 2 mm in size. These are individually implanted into
pockets in the brachioradialis muscle of the non-dom-
inant forearm. Each pocket is marked with a metal clip
or permanent suture. The autograft should not be into
the sternomastoid muscle because of the difficulty in
distinguishing the source of recurrent HPT by either
sestamibi scan or venous sampling in this situation.

2.3.4 Comparison of Subtotal Parathyroidectomy
with Total Parathyroidectomy and
Autograft

The advantage of subtotal parathyroidectomy is the low
overall rate of permanent hypocalcemia [12.7% Arnal-
steen (28)] for the entire group of patients, including
those who have had reoperation for recurrent HPT. In
most cases, therefore, there is no need for autotrans-
plantation of cryopreserved tissue. The disadvantage is
the frequent recurrence of hypercalcemia in the long
term [43%at 15 years (28); 50% (12)]. However, we view
this outcome as achieving prolonged normocalcemia
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(>6 yr) in most patients. Reoperation may be required
in some patients with recurrent hypercalcemia.

Disease recurrence may be due to unidentified super-
numerary glands anywhere in the neck, mediastinal
disease or hyperplasia of the remnant, under the stim-
ulus of the genetic mutation. It is important to note that
many descriptions of subtotal parathyroidectomy in the
literature are not the equivalent of our modern defini-
tion of the operation (above). Some authors have not
excised the thymus, and others have included in their
category of subtotal parathyroidectomy, resections of
one or two glands (29). In our reported experience (28)
of 79 patients with HPT and MEN1, 9 have had reop-
eration for recurrent hypercalcemia, 3 of these twice.
None of these patients remained hypercalcemic after
adequate surgery. Of note, 4 of 13 patients who had
only resection of enlarged glands performed at initial
surgery elsewhere had recurrence requiring reopera-
tion. This compares with 5 of 66 patients who had a
subtotal parathyroidectomy.

The proposed advantage of total parathyroidectomy
with forearm autograft is a higher rate of long-term

cure of hypercalcemia (30). However, with respect to the
control of hypercalcemia, total parathyroidectomy can-
not be expected to improve upon the results of subtotal
parathyroidectomy because most failures are due to
unrecognized supernumerary disease, not hyperplasia
of the remnant (20).

If recurrence occurs, possible hyperfunction of the
autograft can be assessed by the Casanova test (31). A
pneumatic tourniquet is applied to the upper, grafted
arm, cutting the graft off from the circulation. Venous
samples for PTH are taken from the opposite arm. A
significant fall in PTH levels in these samples demon-
strates that it is the graft that is hyperfunctioning. There
is the additional advantage that the neck does not
necessarily need to be re-explored in case of recurrence.

The disadvantage is reliance upon autograft func-
tion and cryopreserved tissue if the autograft fails. Saxe
et al. (32) reported a 10% failure rate of fresh para-
thyroid autografts in a review of the subject. The initial
success of cryopreserved autografts ranges from 50 to
80% in the literature (30,33–35). In a literature review
of the results of subtotal versus total parathyroidec-

Figure 1 Dissection for subtotal parathyroidectomy in MEN1 showing the thymic horns, the inferior thyroid artery (black silk),
and superior and inferior parathyroid glands (forceps). The recurrent nerve, not seen here, lies behind the superior parathyroid.
Note the lateral approach (strap muscles lie medially).
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tomy for secondary hyperparathyroidism, Al-Sobhi
and Clark (36) found the rate of permanent hypocalce-
mia to be 15% of 257 patients and 24% of 211 patients,
respectively.

Our experience with autografting has not been as
favorable as that of Wells and others. We have had sig-
nificant failure rates of both primary (<20%) and cryo-
preserved autografts (>50%). A further disadvantage
of the technique is that resection of hyperfunctioning
graft is in fact not straightforward but can be an awk-
ward procedure. There is great variation in the size of
the grafted tissue, which can be difficult to identify and
selectively resect, without risking further reimplanta-
tion. Even with the aid of intraoperative isotope detec-
tion to try to ensure completeness of excision, we have
generally found that a small ‘‘fillet’’ of muscle needs to
be removed for adequate local control.

2.3.5 Reoperation for Persistent or Recurrent
Disease

The first step is to review the original operation notes
and pathology reports (which it should be remembered
can be very misleading!), along with all previous local-
isation studies. The surgeon must keep in mind the
possibility of multiple sites of recurrence. New local-
ization studies are essential, regardless of the deductions
made from original notes. We routinely commence with
sestamibi scan and ultrasonography F fine needle aspi-
ration (FNA) of suspected neck lesions for PTH assay.
For mediastinal lesions we use magnetic resonance
imaging (MRI) and computed tomography (CT).When
localization by these methods fails or weakly suggests
mediastinal disease, we use selective venous sampling
to regionalize the lesion(s) or corroborate other results.
We consider a step-up, or highest value to background
ratio of 2 in the neck and of 1.4 in themediastinum, to be
significant provided there is a gradient observed (and
not an isolated, possibly spurious result).

In the case of reoperation in the neck, our aim is to
remove all parathyroid tissue and cryopreserve it for
possible delayed autograft in the event of hypocalcemia
which does not recover after 6–8 weeks. We do not per-
form immediate autograft because of the high risk of
persistent functioning tissue even after reoperation.
Saxe et al. (37) reported that 69% of patients remained
normocalcemic or hypercalcemic after total parathy-
roidectomy without autograft at reoperation for pri-
mary HPT due to hyperplasia. If no significant neck
disease is found and the PTH does not fall, we explore
the mediastinum by sternotomy. In principle, this en-

tails excision of all anterior mediastinal fatty and lym-
phatic tissue. If preoperative imaging demonstrates a
posterior lesion, the posterior mediastinum and the
aortopulmonary window should be examined for rare
ectopic lesions (38).

If the patient has had a total parathyroidectomy and
forearm autograft, we perform a Casanova test along
with sestamibi scan and ultrasound of the neck and
forearm as the initial investigations. This helps to
determine whether there is hyperfunctioning tissue in
the forearm and/or neck. If there is hyperfunctioning
tissue in the forearm, this should be totally excised and
cryopreserved. In our experience of this situation, there
is usually an impressive initial response, but this is often
followed by evidence of persistent disease either in the
forearm or in the neck (unmasked by the removal of the
forearm, grafted tissue). Subsequent, painstaking reop-
eration on the forearm and or the neck is often re-
quired.

2.4 Pancreas and Duodenum

Endocrine pancreatic and duodenal lesions affect 30–
75% of individuals in clinical series (12,39). In autopsy
series these tumors are found in more than 80% of
patients. They are nearly always multiple, and most
of the lesions in a given patient remain asymptomatic
(Fig. 2). Typically, clinical syndromes are found from
the age of 40, but Shepherd (6) has stressed that clinical
syndromes due to neuroendocrine pancreatic and duo-
denal tumours may present in teenagers. Biochemical
evidence of pancreatico-duodenal endocrine tumors
precedes the clinical occurrence of disease by, on aver-
age, about 20 years (39). Malignant disease occurs in
appproximately 40% of patients and is the leading
cause of death in MEN1, often in middle age (40,41).
At the time of onset of symptoms related to functioning
pancreatic neuroendocrine tumor, approximately 50%
of patients will have malignant disease (42). Malignant
disease typically runs an indolent clinical course over
many years.

Pancreatic and duodenal lesions in MEN1 are true
tumors. The specter of islet cell hyperplasia as a virtually
untreatable cause of endocrine pancreatic syndromes in
MEN1 has disappeared. Hyperplasia is itself a response
to the hypersecreting tumor and is not responsible for
clinical syndromes (43,44). Thompson et al. (45) have
shown that there is, early in the course of the disease and
spread throughout the gland, a range of lesions from
nesidioblastosis and hyperplasia through micro- and
macroadenomas to carcinoma. In their experience there
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are always discrete tumors which stain for the sympto-
matic hormone, and, in contrast, the hyperplastic tissue
does not stain for this hormone.

In MEN1, much more than in sporadic disease, a
single tumor may secrete a multitude of hormones.
Clinical evidence of this is usually a sign of malignancy.

Approximately one third of endocrine pancreatic
tumours are cystic or predominantly cystic. Therefore,
diagnosis of cystadenoma of the pancreas in MEN1 on
the basis of imaging studies should be regarded with
scepticism.

The clinical syndromes, diagnosis, and differential
diagnosis of apparently sporadic gastrinomas and insu-
linomas and other islet cell tumors are covered in detail
elsewhere in this book. In cases where MEN1 can be
confirmed, the management of these patients is quite
different from the management of sporadic disease.
When a genetic diagnosis of MEN1 precedes clinical
disease, management is aimed at screening.

2.4.1 Gastrinomas

Of the functioning lesions, gastrinoma is the most com-
mon, occurring in up to 60% of patients with MEN1
(15). Some 25–50% of gastrinomas occur in the setting
of MEN1. The majority are malignant, and approxi-
mately half have metastasized at the time of clinical
presentation (46). The vast majority are situated in the
gastrinoma triangle described by Stabile et al. (47). In

MEN1 90% of gastrinomas are in the duodenum. Early
reports of sporadic and MEN1 gastrinomas signifi-
cantly underestimate the frequency of duodenal lesions
because they were not systematically sought by duode-
notomy. In MEN1, there are in fact multiple duode-
nal, submucosal tumors, usually less than 5 mm in size,
predominantly in the first and second part of the duo-
denum but ranging from the gastric antrum through
to the first part of the jejunum. They are frequently
impossible to feel, except with a finger on the mucosal
surface of the duodenum. These duodenal microadeno-
mas have a high propensity to malignancy (>50%),
which is characterized by early spread to the paraduo-
denal, peripancreatic, and gastrohepatic lymph nodes
(48). Local invasion of the duodenum occurs in less
than 50% of cases and is typically limited, with 16%
extending into the muscularis mucosae and 27% into
the muscularis propria (49). Metastasis to lymph nodes
confers a poorer prognosis but is still consistent with
long-term survival. Distant metastasis to the liver oc-
curs late in the course of disease in about 10% of cases
and is a marker of poorer prognosis than lymph node
metastasis.

True pancreatic gastrinomas are uncommon and are,
in a sense, ectopic since the normal adult pancreas does
not produce gastrin (gastrin may be found in foetal islet
cells). They have a tendency to grow larger than the
duodenal lesions and, at sizes greater than 1 cm, they
are increasingly likely to metastasise to the liver (50).

Figure 2 Spleen preserving subtotal pancreatectomy and enucleation of tumor of the head of pancreas. The large lesion was a
functioning insulinoma. Multiple microadenomas were seen on histopathology.
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The features of gastrinoma conferring a poorer prog-
nosis are pancreatic (rather than duodenal) tumor,
metastases, ectopic Cushing’s syndrome, and high gas-
trin level.

2.4.2 Insulinomas

Insulinoma is the second most common functioning tu-
mor of the pancreas in the setting of MEN1, occuring
in 10–20% of patients (51). The hypoglycemic effects
of proinsulin and insulin in these patients can be life
threatening. Diazoxide and careful dietary manipula-
tion are only partially successful in controlling symp-
toms. The syndrome is often due to one functioning
lesion, as determined by intense insulin immunostain-
ing, but many other nonfunctioning or minimally se-
creting lesions may be present (45). Insulinomas occur
throughout the pancreas with equal distribution. Le-
sions typically begin to be symptomatic at small size,
often less than 1 cm.About one third are associated with
another functioning islet cell tumor, usually gastri-
noma. They are malignant in less than 20% of cases in
MEN1 (51). Metastatic spread is to both the regional
lymph nodes and more commonly, the liver.

Four to 8% of insulinomas are found in association
withMEN1.When insulinoma arises in a young patient,
and especially if multiple neuroendocrine tumors are
found, the diagnosis of MEN1 should be considered.
Shepherd has shown that insulinoma may precede
hyperparathyroidism in MEN1 (6).

2.4.3 Glucagonoma and Vasoactive Intestinal
Peptideoma

Glucagonoma and vasoactive intestinal peptideoma
(VIPoma) are rare, perhaps 10%occurring in the setting
of MEN1. The tumors are frequently larger than 2 cm.
About 60% are malignant, and they occur most often in
the body and tail of the pancreas.

2.4.4 Nonfunctioning Tumors

Nonfunctioning tumors are the most common of all is-
let cell tumors in MEN1, and typically the pancreas
harbors numerous micro- and macroadenomas. Larger
tumors (>3 cm) are likely to be malignant and may
sometimes be aggressive. In index cases, these tumors
are likely to be large at presentation because it is not
until they cause symptoms from mass effect that they
are discovered. However, in a screened population, ei-
ther elevation of chromogranin A and hPP or a small
mass lesion should be identified early in the course of
the tumor.

2.4.5 Surgery for MEN1 Pancreatico-Duodenal
Tumors

It is vital to keep in mind that pancreatic and duodenal
disease in MEN1 is multifocal by definition and that
nothing short of total pancreaticoduodenectomy could
be hoped to be curative. The potential morbidity and
mortality of this strategy prohibit it as a prophylactic
measure. Neither persistence nor recurrence of disease
necessarily implies a poor prognosis, as frequently even
malignant disease has a protracted course (52). On the
other hand, pancreatic endocrine cancer is the leading
cause of death in MEN1 today. Doherty et al. (41)
reported that 46% of patients in 34 kindreds died as a
result of malignant endocrine tumors at a mean age of
47 years and that islet cell tumors were the main cause
of death. Resection of tumors prior to the occurrence
of distant metastasis could possibly alter long-term
survival. There is general consensus with respect to
the surgical management of insulinomas, VIPomas,
and glucagonomas in MEN1. Management of gastri-
nomas is controversial.

Surgery for Insulinomas, Glucagonomas, and VIP-
omas. Insulinomas, glucagonomas, and VIPomas, in
particular, share common features. They are located
in the pancreas and produce a florid and life-threatening
clinical syndrome. Medical treatment becomes increas-
ingly unsatisfactory if the tumor is allowed to grow
unchecked. Glucagonomas and VIPomas are highly
likely to be malignant, while insulinoma may be malig-
nant in up to 20% of cases.

They should therefore always be resected unless there
is significant untreatable liver metastasis. It may be
possible to cure the syndrome by enucleation of small
tumors, but this is not considered wise practice. In the
setting of multiple pancreatic lesions, it is difficult to
determine accurately the source of the excess hormone,
and the wrong lesion may be excised. Enucleation is
unacceptable treatment for potentially malignant le-
sions and, futhermore, the remaining pancreatic pa-
thology is ignored by such management.

There is near consensus (51,53,54) that for most of
these lesions, the best option is a spleen-preserving
subtotal pancreatectomy, transecting the pancreas to
the right of the portal vein. Tumors in the head of the
pancreas should be enucleated using intraoperative
ultrasound to aid identification of lesions and the
pancreatic ductal system. Some authors also recom-
mend a lymph node dissection (55) routinely or if any
pancreatic lesion greater than 3 cm is identified. The
apparent advantage of this approach is that the bulk
of the tumor-producing pancreas and tumors of the
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head are removed and the syndrome is cured. Com-
plication rates are acceptable, with rare deaths and a
morbidity of 20–30%, mostly due to pancreatic fistula.
Diabetes should occur in less than 10%. Recurrent
lesions can be managed on their merits, when the need
arises.

For large and malignant lesions of the head of the
pancreas, various forms of resection of the head of the
pancreas are indicated whenever possible. In the ab-
sence of metastatic disease, life expectancy is good
(56). Resection and reconstruction of involved vascular
structures (e.g., superior mesenteric vein) is sometimes
indicated (57).

In the case of insulinoma, intraoperative glucose
monitoring is essential to avoid hypoglycemia. Intra-
operative portal venous insulin testing can be used as
a predictor of successful resection (58). A further mod-
ification is the use of intraoperative secretin stimulation
to confirm the completeness of resection. Contrary to
the results observed in gastrinomas, secretin does not
stimulate the insulin-secreting tumor but normal islet
cells, free from the negative feedback of the tumor.
Thus, after resection, if the injection of secretin produ-
ces a rise in insulin secretion, the absence of residual
tumor is confirmed (59,60).

Surgery for Gastrinomas. The indications for surgery
and extent of surgery for gastrinoma are a most con-
tentious subject of debate at present. Whatever the
operative strategy, the syndrome must be well con-
trolled with proton pump inhibitors before surgery.
There are two points of general agreement.

1. Operate on the parathyroid glands first. Reduc-
tion in serum calcium has the effect of reducing
the stimulatory effect of calcium on the gastri-
noma.

2. Do not operate if metastatic disease in the liver
is extensive and not amenable to excision or ab-
lative therapy.

All other points are debatable. There are four main
management strategies:

1. Observe these patients, treat them with proton
pump inhibitors and do not operate unless there
is an associated insulinoma (or VIPoma or glu-
cagonoma) that is not responsive to medical
treatment (61).

2. Operate only when imaging demonstrates a le-
sion greater than 3 cm (52,62).

3. Operate in all cases with a clinical syndrome re-
gardless of preoperative imaging studies, pro-
vided there is no evidence of distant metastasis.

Operate also for asymptomatic tumors identified
by imaging (63–65).

4. Operate in young patients as soon as screening
tests identify elevated tumoral hormones (chro-
mogranin A, human pancreatic polypeptide,
gastrin, etc.) or a mass lesion seen on echoendos-
copy. It is hoped by this strategy to prevent the
occurrence of metastasis from malignant tumors
that may arise (42).

The first approach, somewhat nihilistic, is founded on
the fact that the genetic trait is ubiquitous, that the pa-
thology is diffuse, and the prospect of long-lasting cure
by surgery is remote, while surgery may produce sig-
nificant complications. This is the approach of many
physicians and perhaps half of the surgeons with exper-
tise in this field (53).

The second protocol is also founded on the belief
that the prospect for long-term cure of Zollinger-Ellison
(ZES) by surgery is remote because of multiple lesions
and recurrent if not persistent disease. Thus, surgery is
proposed for mass lesions to excise potential cancers,
not necessarily to cure the hormone secretion. This is the
view of Norton et al., who have reported that virtually
no patients with MEN1 are cured of ZES by surgery
(52). But this approach has its disadvantages, and
they are major ones. By the time operation is eventually
undertaken, metastases are frequently present. Imaging
is often positive due to pancreatic primary or metastatic
disease but rarely due to the duodenal tumors which are
the usual cause of the syndrome. It seems rather odd to
wait for a tumor to become in all probability incurable
before operating on it. On the other hand, Norton et al.
(52) report that the survival after surgery and resection
of patients with advanced disease is the same as in
patients with limited disease. The mean follow-up,
however, was only 7 years.

The third strategy, proposed by Thompson, is that
adopted bymany surgeons, andmay produce long-term
remissions, giving the appearance of cure. In his series of
43 patients with neuroendocrine pancreaticoduodenal
tumors, 37 of whom had gastrinomas, only one patient
(with ZES) developed metastasis to the liver after
operation (66). The 5-, 10-, and 15-year survival in his
series is 97, 94, and 94%, respectively. There are a
number of arguments in favor of this approach:

1. Most neuroendocrine pancreatic tumors can be
identified before they reach 3 cm in size. Most
tumors can therefore be resected before they
metastasize.

2. Most, if not all patients with ZES, have duodenal
microadenomas that are the cause of hypergas-
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trinemia. Half of the patients with duodenal mi-
croadenomas will have lymph node metastases.
Thorough exploration of the duodenum and re-
section of potentially involved lymph nodes will
result in clinical cure of hypergastrinaemia in a
majority of patients, and only 10% or fewer of
these patients will develop liver metastases.

3. Nearly all tumors of the head and uncinate pro-
cess of the pancreas can be identified by intra-
operative ultrasound (IOUS) and are amenable
to enucleation. The body and tail of the pancreas
can be resected readily. Thus, all tumors greater
than several millimeters in size can be simulta-
neously treated.

The last approach, recommended by the Uppsala
group (42), is the most radical and is not yet supported
by adequate evidence for us to consider prophylactic
pancreatectomy in MEN1. Can early resection prevent
the occurrence of cancer? And is the apparent benefit
seen in the early studies more than just a lead-time bias?
We do not know. If reresection is performed for recur-
rent ZES or tumors found by imaging, perhaps one can
keep a step ahead of the development of cancer. There is

no doubt that part of the apparent benefit arises from
lead-time bias from operating on screen detected pa-
tients at an average age of 20 years younger than those
operated on for clinically significant or mass lesions.
The concern many others have is that this type of sur-
gery is accompanied but a significant morbidity and
occasional mortality. Exposure of patients to these
risks 20 years before otherwise necessary is a bold
step. Only long-term comparative studies will answer
the questions.

The ‘‘Thompson’’ Operation for ZES. Our approach
is based on that of Thompson (Figs. 3,4) (63). The steps
of the operation are:

1. Subtotal pancreatectomy, with the line of section
to the right of the portal vein, in order to remove
all contained tumors, whether gastrin secreting
or not, and some of which are or may become
malignant.

2. Enucleation of all tumors of the head of the pan-
creas, whether palpable, detected by intraoper-
ative ultrasound, or by intraoperative isotope
detection.

Figure 3 Surgical exposure for the Thompson operation. Bilateral subcostal incision. Stomach and omentum elevated. A large
tumor of the body of the pancreas is visible.
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3. Lymphnodedissection of the gastrinoma triangle
and frozen section examination. If there are
involved nodes, there is certainly at least one ma-
lignant duodenal gastrinoma, and the hope for
cure is reduced. If not, there is still very likely one
ormore duodenal gastrinomas, and the chance of
cure is greater.

4. Routine duodenotomy and excision of all mi-
crogastrinomas which are found by endoscopic

transillumination and palpation. Transillumi-
nation of the duodenum allows recognition of
about 60% of lesions but is no substitute for
routine duodenotomy whatever the pancreatic
and lymph node findings. Submucosal resection
is usually adequate but full thickness local ex-
cision may be required. Extended resection is not
usually indicated. If duodenotomy is negative,
the first jejunal loop should be opened.

5. Cholecystectomy because of possible future,
unresectable, malignant disease. There is a risk
of somatostatin-induced gallstone disease due to
stasis, and the possible need for chemoemboliza-
tion of liver metastases, which may cause gall-
bladder necrosis.

6. Secretin testing (67) to verify the completeness of
resection. We measure basal and stimulated gas-
trin levels in peripheral venous blood (it is not
necessary to take portal venous samples because
gastrin is metabolized in the kidney, not the
liver). We use 2 U/kg of secretin, injected into a
peripheral vein, and make serial measurements.
Four minutes after injection, a rise in gastrin to
less than 80 pg/mL or a rise of<20% from the
level prior to excision confirms cure (68).

7. Adrenal tumors should be excised—certainly
those greater than 4 cm.

This therapeutic strategy results in normal basal gastrin
levels in two thirds of patients and normal stimulated
levels in 33% of cases with a follow-up of up to 10 years
(69). These results are much the same as those achieved
by the National Institutes of Health (NIH) group for
sporadic ZES and for which they strongly advocate sur-
gery because of a survival benefit (46). There are few
indications for proximal pancreaticoduodenectomy,
but they include periampullary tumors, large, invasive
tumors, massive nodal involvement and possibly multi-
ple duodenal tumors, and a positive intraoperative
secretin test (70).

In our practice we perform parathyroidectomy and
pancreatic surgery in the same operative session. We
begin with parathyroidectomy, and if the operation
proves to be particularly laborious or intraoperative
PTH assessment is suggestive of mediastinal or other
unresected disease, the pancreatic surgery can be de-
ferred to another day.

2.4.6 Preoperative Localization

Given the multiplicity and frequent small size of lesions
and that our surgical strategy for all pancreatico-duo-
denal disease in MEN1 involves full exploration of the
pancreas (and duodenum in ZES) with the aid of ultra-

Figure 4 Diagrammatic representation of the Thompson
operation: (a) preoperation, demonstrating multiple pancre-
atic tumors and lymph nodes; (b) after resection of the distal

pancreas, cephalic tumors, lymphnodes, andduodenal lesions.
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sound, there is little useful information that can be
gained preoperatively. Identification of liver metastases
is the singlemost important reason for imaging as it may
preclude surgery. CT, endoscopic ultrasound (EUS),
and octreotide scan may be used to provide advanced
warning of atypical findings, such as a large tumor of
the head of the pancreas, which may lead to a different
operative strategy.

2.4.7 Management of Metastatic Pancreatico-
Duodenal Disease in MEN1

Surgery for metastases may be considered if they are
favorably located for resection. Five-year survival after
hepatic resection of metastases from sporadic pancre-
atic neuroendocrine tumors may be extended from 28%
to 79% (71). It is rare to find suitable cases in MEN1.

Medical therapy may be required for symptomatic
control of hypersecretion. The most common medical
therapies are diazoxide for insulinoma, proton pump
inhibitors for gastrinoma, and somatostatin for VIP-
oma. Long-acting somatostin analogues have become
a major component of palliation of neuroendocrine
tumors. Other therapeutic options include chemother-
apy, interferon-a, chemoembolization and radioiso-
tope-labeled somatostatin analogues. These are de-
scribed elsewhere in this book.

Hepatic transplantation has been performed for
metastatic endocrine pancreatic tumors, sometimes in
association with islet cell transplants. Except for the
series of Pichlmayr et al. (72), who achieved a survival of
82% at 5 years, the results have been disappointing.
There were no cases with MEN1 in the series, and the
indication for transplantation and immunosuppression
in a condition with a genetic predisposition to cancer
must be questioned.

Ablative therapy has been available in many forms
for a long time. Recently radiofrequency ablation of
hepatic lesions has shown promising results. It is suit-
able for multiple lesions, but not more than about 10. It
is more focused and more successful in appropriate
patients and safer than chemoembolization.

2.5 Pituitary Lesions

Anterior pituitary lesions are one of the three main
features of the MEN1 syndrome. The prevalence in
MEN1 is about 30% in screened patients and 70% at
autopsy. About two thirds are microadenomas. Pro-
lactinoma is by far the most common lesion followed
by growth hormone–secreting tumor. Nearly all an-
terior pituitary tumor types have been reported in
MEN1. Treatment is similar to that of sporadic tumors.

Many of the prolactinomas respond well to medical
therapy.

2.6 Foregut-Derived Carcinoids

Thymic carcinoid occurs in less than 5% of MEN1
patients, usually in males and often with familial clus-
tering (73). It may be aggressively malignant, appa-
rently moreso in MEN1 than sporadic tumors.

Bronchial carcinoid occurs in about 5% of patients,
and is seen mostly in females. CT orMRI is useful in the
diagnosis or screening for these lesions.

Type II gastric enterochromaffin-like cell (ECL) car-
cinoids are mainly found in patients with ZES and
MEN1 during endoscopy. They are common (30–
50%), multiple (90%), small (usually <1.5 cm), and are
associated with a proliferation of extratumoral ECL
cells from which the tumor is thought to originate
(74,75). In 90% invasion is limited to the submucosa,
but metastases to lymph nodes occur in 30% and to the
liver in 10%. It is proposed that they arise as a result
of gastrin and acid stimulation of increased histamine
production in MEN1 ZES. These lesions rarely secrete
hormones. They are apparently in part genetically deter-
mined by mutation of MEN1, because they are rarely
seen in sporadic ZES (75). Gauger and Thompson re-
ported two cases, which spontaneously regressed after
resection of the gastrinoma (66). They have occasionally
been reported to be aggressive malignancies. It is not
clear whether proton-pump inhibitors have any direct
effect on the natural history of these tumors.

2.7 Adrenal Cortical Lesions

These occur in about 40% of patients and are often bi-
lateral, hyperplastic, and nonsecreting. Adenomas with
an indolent clinical course (10–20%) and aggressive
carcinomas (5%) may also occur (76,77). Adrenal le-
sions are usually seen only in patients who also have
pancreatic lesions. Previously most groups have had a
conservative approach to these adrenal lesions. As a
result of some unexpected cases of rapid growth and
death from malignant adrenal disease, a more active
policy of resection during pancreatic surgery, other-
wise regular screening, and resection at 4 cm is now
warranted.

2.8 Other Lesions

Perhaps one third of patients have cutaneous or visceral
(angio)lipomas. These are encapsulated and typically
do not recur after surgery. Large visceral lipomas are
uncommon.
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Cutaneous angiofibromas and collagenomas appear
to be very common (78). They occur in at least 80% of
patients and are often found on the face. Ependymoma,
meningioma, fibrosarcoma, pheochromocytoma, and
other lesions have been reported more commonly in
MEN1 than in control populations but remain uncom-
mon in MEN1.

2.9 Screening for MEN1

The aims and elements of different screening protocols
reflect the resources and management philosophies of
the groups involved. For example, the Uppsala group,
which has a policy of early surgical intervention for
pancreatic disease, has an aggressive and extensive
screening protocol to identify this disease (42). The
most effective initial step is to determine gene carriers
by genetic testing. The hormone assays and imaging
studies can be rationalized according to the clinical
impact of the disease being screened and the cost-
effectiveness of the tests (Table 2). Parathyroid disease
is easily screened with annual ionized calcium or cor-
rected calcium and PTH. Screening should certainly
begin by 10 years of age and should be life-long as gene
carriers may manifest the disorders at any age.

Screening for pituitary disease is also relatively
straightforward; a typical program might be annual
prolactin and insulin-like growth factor 1, with annual

MRI studies for 2 or 3 years. Screening should begin at
around 5 years of age, as the earliest reported morbid
and potentially treatable lesion was an aggressive pitui-
tary macroadenoma at the age of 5 years (79).

With respect to pancreatico-duodenal disease, insu-
linoma, gastrinoma, and any pancreatic lesions greater
than 1 cm have the most impact on patients, and thus
screening should at least aim to detect subclinical insu-
linoma and gastrinoma and tumors of this size. A mini-
mal program would thus include annual fasting glucose
with simultaneous insulin and proinsulin, gastrin with
secretin stimulation test, and high-quality CT scan every
2–3 years.

Glucose, proinsulin, and insulin testing during a 72-
hour supervised fast may be indicated to confirm the
diagnosis of insulinoma. Endoscopic ultrasound is the
most sensitive imaging study for pancreatic tumors,
being able to detect lesions of around 3 mm in size in
favorable patients and should be considered along with
CT. Some groups use 111 IN-DTPA octreotide scan. It
is perhaps most useful in identifying metastases, but
will detect also around 80% of tumors greater than 1 cm
in size (80). Most duodenal microadenomas will not be
detected by CT or octreotide scan, and EUS has only
been able to detect perhaps one half to two thirds of
lesions. However, when combined, octreotide scan and
EUS may have a sensitivity as high as 94% (81).
Screening for pancreatic disease should begin in teen-
agers.

More rigorous biochemical screening may include
glucagon, chromogranin A, hPP, hCG, and VIP. The
standardized carbohydrate-rich meal test may be used
to elicit a stimulated rise in hPP and gastrin in the
presence of a pancreatic tumor, regardless of which
peptide hormone is dominantly secreted (82).

2.10 Burin Syndrome and Other Variants of

MEN1

This variant ofMEN1 produces pituitary tumors, HPT,
and carcinoid tumors but not pancreatic tumors. Fa-
milial acromegaly can coexist with prolactinoma in this
syndrome.

3 MULTIPLE ENDOCRINE NEOPLASIA

TYPE 2

MEN2 is an autosomal dominant syndrome character-
ized by the development of medullary thyroid carci-
noma (MTC) but also notable for pheochromocytoma
and to a lesser extent hyperparathyroidism. There are
three major and distinct variants: MEN2A, MEN2B,

Table 2 Screening Protocol for MEN1

Biochemical screening: annual, essential

Serum calcium (prefer ionized) and PTH
Glucose with simultaneous insulin, proinsulin,
and glucagon

Gastrin (+secretin stimulation test)

Prolactin and IGF-1
Biochemical screening: comprehensive
Pancreatic polypeptide

Chromogranin A
VIP
Urinary 5-HIAA (Hydroxyindole acetic acid)

a+h HCG (Human chorionic gonadotropin)
Calcitonin
Meal testa

Imaging: 2–3 yearly, essential
High-quality contrast enhanced spiral CT of chest
and abdomen

MRI of pituitary

Endoscopic ultrasound of the pancreas
Imaging: optional
Upper gastrointestinal endoscopy

Octreotide scan

a See text for explanation.
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and familial medullary thyroid cancer (FMTC) (Table
3). MEN2A represents over 75% of MEN2. There are
perhaps fewer than 1000 kindreds identified world-
wide (83). Rare variants have been described. These in-
clude MEN2A with cutaneous lichen amyloidosis and
MEN2A or FMTC with Hirschsprung’s disease.

MEN2 syndromes result in disease related death in
perhaps 50% of index cases because of delayed treat-
ment ofMTCuntil after clinical recognition and sudden
death from pheochromocytoma. Because of the great
advances in genetics it is now possible to perform
prophylactic thyroidectomy to prevent MTC and to
screen for and excise pheochromocytoma before mor-
bidity arises. It is not yet certain that prophylactic thy-

roidectomy can remove the risk ofMTC for life because
follow-up has not yet been lifelong in an adequate num-
ber of cases. But evidence is already present that the
risk of death and morbidity is greatly reduced, even
when ‘‘prophylactic’’ surgery is undertaken after malig-
nancy has occurred (84).

3.1 Genetics

The first identification in MEN2 of mutations of the
RET proto-oncogene was made by Mulligan et al. (85)
and Donis–Keller et al. (86) in 1993. The following
year Mulligan et al. (87) reported evidence of a correla-
tion between specific mutations and phenotypes (Table
4). The RET gene is located near the centromere of
chromosome 10 and encodes ret, a membrane-bound
tyrosine kinase enzyme. MEN2 results from germline
mutations, which change one amino acid. Mutations
may occur in both the extracellular and intracellular
domain sites of the gene. The result is activation of
ret by either homodimerization of the extracellular com-
ponent (which normally occurs as a result of ligand
binding) or by activating the enzyme’s intracellular
catalytic site.

Genetic testing in MEN2 is far simpler than for
MEN1 and is extremely reliable. The false-positive
and false-negative rates are very low. A positive genetic
test on two separate occasions, to minimize the risk of
samplemix-up (especially between family members with
the same name) and contamination of DNA, has a posi-
tive predictive value close to 100%.

Amutation can be identified in theRET gene in 98%
of index cases. A limited number of mutations has been
identified, involving exons 10,11,13,14,15, and 16. These
are the only exons requiring routine testing. The recent
development of a specific microarray kit, which was

Table 3 Clinical Characteristics of MEN2 Syndromes

Syndrome Characteristics

MEN2A MTC: >90% by age 60

Pheochromocytoma: 50%
(25% bilateral)

Hyperparathyroidism: 20%

(codon 634)
MEN2B MTC: Age <5 years

Phaeochromocytoma
Intestinal and submucosal

ganglioneuromas
Characteristic facies and

marfanoid habitus

FMTC MTC: least aggressive MEN2
variant

MEN2A and MEN2A

cutaneous lichen
amyloidosis

Pruritic lesions of the upper
back

MEN2A or FMTC and MEN2A or FMTC

Hirschsprung’s disease Hirschsprung’s disease

Table 4 Genotype-Phenotype Correlation in MEN2

Mutation

Syndrome Exon 10 Exon 11 Exon 13 Exon 14 Exon 15 Exon 16

MEN2A 609,611 630,634 790 891
618,620 635,637

MEN2A and CLA 634
MEN2A and Hirschsprung’s 609,618

620

MEN2B 804 883 918,922
FMTC 609,611 630 768,790 804

618,620 791

CLA, cutaneous lichen amyloidosis.
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successful in identifying the mutations in all Korean
families with MEN2, may facilitate the genetic testing
in MEN2 (88).

3.2 Multiple Endocrine Neoplasia Type 2A

(Sipple’s Syndrome)

MEN2A is a clinical syndrome ofMTC in 90%of cases,
pheochromocytoma in 50%, and multigland parathy-
roid disease in 20–30% (89–91). Prior to recognition of
the syndrome and screening of family members, death
from MTC occurred in about 20% of cases. Sudden
death from pheochromocytoma was equally frequent.
New index cases arising from sporadic mutations and
unrecognized kindreds still result in late presentations
and death from MTC and from pheochromocytoma
(92,93).

3.2.1 Pheochromocytoma

Pheochromocytoma inMEN2 once carried a significant
morbidity and a mortality rate of about 20%. Never
should medullary carcinoma of the thyroid be tackled
before exclusion of, or excision of pheochromocytoma.

Pheochromocytomas occur in 42% of patients with
MEN2, with a wide family variation, between 6 and
100% (89,92,94). In 60% of patients with pheochromo-
cytoma there is a synchronous or metachronous con-
tralateral pheochromocytoma (Fig. 5). In 10–27% of
cases they are the presenting lesion, occurring 10 years
prior to MTC in 8.5% of cases (93). They are ectopic in
4% and malignant in 3% of cases. They preferentially
secrete adrenaline rather than noradrenaline (92), which
may explain the frequent absence of hypertension.

Apparently sporadic pheochromocytoma may have
a germline genetic cause in 5–15% of cases. Pheochro-

mocytoma has been found in kindreds with all RET
mutations except codons 609, 768, 804, and 891. Codon
634 mutation carriers have a 60% likelihood of devel-
oping pheochromocytoma, which has been found as
early as 5–10 years of age. Screening for pheochromo-
cytoma can be stratified by risk according to mutation,
just as for MTC (53).

Screening for early evidence of pheochromocytoma
in MEN2 should begin in teenagers. 24-hour urine col-
lection for catecholamines and metanephrines or assay
of venous blood for plasma methoxy-derivatives are the
best diagnostic tests. Combined urinary and plasma
tests are the most sensitive. MIBG scanning in combi-
nation with CT or MRI is useful for localization and
to look for multiple lesions, metastases, and nonfunc-
tioning tumours.

Preoperative preparation is a vital issue in surgical
management of pheochromocytoma. There is little con-
sensus as to the optimal preparation as apparently a
number of regimens are effective. We prefer to prepare
patients with a calcium channel blocker, and, intraop-
eratively, intravenous calcium channel blocker is used
as required. We have found this to be a better prepara-
tion, associated with less perioperative instability and
postoperative hypotension (95).

Adrenal medullary hyperplasia is nearly a constant
feature of MEN2. Tumors may be multiple: unilateral,
bilateral, and in approximately 50% of cases of unilat-
eral pheochromocytoma, a lesion develops in the con-
tralateral gland after an average interval of 7 years (96).
Some groups have therefore advocated systematic bilat-
eral adrenalectomy in MEN2 (97). The main objections
to this strategy are that the patient risks addisonian
crisis in up to 25% of cases (96,98). Steroid-dependent
patients still occasionally die today because of addiso-
nian crisis (98,99). Perhaps 50% of patients will have no
clinical need for bilateral surgery. Screening for devel-
opment of another pheochromocytoma has shown no
increase in morbidity due to delayed diagnosis.

Surgical Approach. The traditional approach to
pheochromocytoma in the setting of MEN2 was a large
midline or bi-subcostal incision allowing bilateral adre-
nal examination and exploration of all sites of possible
paragangliomas and nodal and liver metastasis prior to
resection of the tumor. Now that laparoscopic surgery is
the optimal approach and preoperative localization is
undertaken, routine exploration of the entire abdomen
is no longer necessary. Modern imaging with CT, MRI,
and MIBG has virtually eliminated the finding of unex-
pected multifocal, malignant, or metastatic disease
(100).

Figure 5 Surgical specimen. Bilateral adrenalectomy for
phaeochromocytoma in MEN2A.
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Adrenal resection for pheochromocytoma requires
minimal handling to avoid hypertensive crises and,
generally, early control of venous drainage. Where pos-
sible the periadrenal fat should be resected with the
tumor to minimize the risk of capsular rupture and
spread of the tumor. There is no evidence that patients
are more unstable during laparoscopy than at open
surgery and perhaps the contrary is true (101). Rare,
malignant lesions may require open, en bloc resection of
adjacent organs and lymph nodes.

Most authors would now perform bilateral adrena-
lectomy, when indicated, laparoscopically. An alterna-
tive surgical option is total removal of one adrenal and
subtotal resection of the gland on the other side to
preserve function. In the series of Lee et al. (99), meta-
chronous tumors in the remnant occurred in 21% of
patients, with a follow-up of 11 years, but this may
result in no survival disadvantage to the patient, and the
risk of addisonian crisis is reduced. Subtotal adrenalec-
tomy can also be performed laparoscopically.

3.2.2 Medullary Thyroid Cancer

Medullary cancer of the thyroid is genetically linked in
29% of cases. Of these, 60% arise in MEN2A, 5% in
MEN2B, and 35% occur without any other association
and therefore are putatively familial medullary thyroid
cancer (FMTC). MTC is a nearly constant finding in
MEN2A (89,94).

What is the value of genetic evaluation in cases of
apparently sporadic MTC? In practice, if the patient
is >40 years of age and there is a unifocal tumor, the
likelihood of apparently sporadic MTC being due to
MEN2 is around 2% and MEN2 accounts for only 7%
of all apparently sporadicMTC (102). Nevertheless, the
importance of a positive genetic test for MEN2 means
that most patients with MTC should be tested.

By the age of 60 years about 90% of individuals with
MEN2A will have clinical MTC. Often, however, it
presents much earlier and may be found in children.
MTC is the usual first stigma of MEN2A and the most
common syndrome-related cause of death today.

A palpable tumor is unusual before 10 years of age,
but when the tumour is greater than 2 cm in size it is
usually incurable because of unresectable metastases
to mediastinal nodes or distant organs. Nevertheless,
surgery is the mainstay of treatment for clinically evi-
dent disease because MTC does not take up radioactive
iodine and is not responsive to chemotherapy, radio-
therapy, or hormonal treatment.

Histopathology and Biochemistry. MTC in MEN2
variants is characteristically multifocal and arises in a

background of clear-cell hyperplasia (CCH). Con-
versely, in sporadic MTC, 20% of tumors are bilateral
but without CCH. The progression from CCH to MTC
is very variable and may be precocious as in MEN2B or
never clinically evident. The aggressiveness of the dis-
ease depends upon the genetic mutation. The tumor
secretes calcitonin but also a number of other peptide
hormones. The basal or pentagastrin-stimulated calci-
tonin level is nearly always elevated in the presence
of MTC. According to Wells et al., tumors greater than
5mm in size can always be biochemically detected (103).
Elevated calcitonin is a marker of persistent disease
after surgery for MTC.

Clinical MTC, even tumors less than 1 cm in size, is
associated with high rates (>70%) of nodal invasion: to
the central compartment (level VI), upper mediastinal
(level VII), and ipslateral and contralateral neck lymph
nodes (levels II–V). Distant metastasis is primarily to
the liver, central mediastinal lymph nodes, and lungs in
order of frequency. Node involvement is more extensive
in MEN2 than in sporadic disease (104).

Surgery for Clinical MTC in MEN2. Total thyroid-
ectomy plus central lymph node dissection and thy-
mectomy en bloc is required in all cases. Management
of the parathyroid glands is discussed below. The indi-
cations for ipsilateral, contralateral, and mediastinal
lymph node dissections have been debated in the ab-
sence of clinically involved nodes, but we, and other
surgeons (105), would routinely perform such extended
lymph node clearance for clinical MTC.

Some surgeons determine the extent of nodal clear-
ance by the results of basal and stimulated calcitonin
tests, the size of the primary tumor, and the presence of
central lymphadenopathy (104).

When serum calcitonin is very high (>5000 pg/mL)
the likelihood of distant metastatic disease is great. In
these cases, staging of the disease byCT scan of the chest
and abdomen is indicated. If CT staging is negative,
laparoscopy to identify liver metastasis is indicated
prior to thyroidectomy. The finding of metastatic dis-
ease changes the goal of surgery from possible cure to
local control of disease. It is important to remember
that distant metastasis is not incompatible with long-
term survival, as many cases of MTC are relatively
indolent despite their tendency to metastasize early.
Death from tumor growth in the neck by invasion of
the trachea, vocal cord palsies, and carotid blowout
can often be prevented by total thyroidectomy and cen-
tral node clearance.

Detailed description of total thyroidectomy with ex-
tensive lymph node dissection for MTC can be found
elsewhere in this book.
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Prophylactic Thyroid Surgery for Gene Carriers.
Prior to the genetic revolution, the indication for pro-
phylactic surgery was limited by the lack of sensitivity
and specificity of the pentagastrin stimulation test. In
the experience of the Groupe d’Etude des Tumeurs a
Calcitonine (GETC) (106), this test has not been suffi-
ciently reliable because of false positives and inability to
differentiate CCH from MTC. Causes of false-positive
results include C-cell hyperplasia in thyroiditis, normal
physiological elevation in men over 50, smoking, and
renal insufficiency. Kindred members without MEN2
have undergone surgery on the basis of falsely elevated
calcitonin testing (106). Conversely, by the time stimu-
lated calcitonin testing becomes positive, some patients
will have nodal metastasis (107).

Confirmation of the MEN2 mutation should be
sought and is a strong indication for prophylactic thy-
roid surgery (108). Carriers have a very high risk of
developing a potentially lethal tumor. Prophylactic
surgery in teenagers, on the basis of calcitonin testing,
has shown evidence of cure, in most cases, at long-term
follow-up (90,109).

Wells and colleagues (84) in 1994 (Table 5) were the
first to report prophylactic thyroidectomy on the basis
of positive genetic testing in ‘‘at-risk’’ children. The ab-
sence of nodal involvement in the 13 patients in this
series has given hope for cure in these patients. How-
ever, in 10 of the patients, macroscopic or microscopic
MTC was found, and thus the operation was effectively
therapeutic, not prophylactic. These patients had an
average age of 13 years. In 3 of 6 of these patients, who
also had negative pentagastrin tests, microscopic MTC
was already present. In a separate report at 3-years
follow-up of 18 patients having precocious prophylac-
tic thyroidectomy (average age 10 years) for a genetic
diagnosis of MEN2A, no patient had biochemical evi-
dence of disease (110).

The extent of nodal dissection in children undergoing
prophylactic surgery is the subject of debate. Can nodal
surgery be omitted in some cases? Only a small propor-
tion of children (3 of 55) had nodal involvement in the

Saint-Louis group (84), and the children were older than
the currently recommended age for prophylactic sur-
gery. The risk of nodal disease as determined by geno-
type and the age of the child at the time of surgery may
be used to decide the need for node dissection in indi-
vidual cases (111).

Some surgeons routinely clear the central neck com-
partment lymph nodes because they wish to avoid the
possibility of reoperating in the central compartment. If
prophylactic total thyroidectomy and central node
clearance with thymectomy is to be performed in chil-
dren, it is important that the complications of surgery
do not outweigh the benefit of prophylaxis.

Recently, pooled experience with MEN2 patients
(53,112) has led to provisional categorization of very
high, high, and intermediate risk groups for carriers of
MEN2 according to the mutation identified (Table 6).
The risk group determines the optimum age for prophy-
lactic surgery. The very high risk group is that of
children with MEN2B and/or RETmutations of codon
883, 918, and 922. Surgery for these children should be
in infancy (see below). In the high risk group with RET
mutations of codon 611, 618, 620, and 634, surgery is
recommended before 5 years of age. In some patients
with codon 634 mutations, positive lymph nodes have
been found at the age of 5 (113), while in others micro-
scopic MTC has been found at the age of 2 (114). For
this high risk group, there is possibly a trade between
age at surgery and extent of surgery—either earlier sur-
gery without nodal clearance or later surgery with clear-
ance. Some groups rely on the results of provocative
tests to determine which patients should undergo node
dissection. No case of a negative pentagastrin stimu-
lation test with positive nodes has been reported by
GETC.

Children with RET mutations in codon 609,768,
790,791,804, and 891 have intermediate risk. The natu-
ral history of MTC in carriers of these mutations is
variable, but generally MTC develops at a later age and
grows more slowly. Lymph node metastasis and death
has been seen in patients with each of these mutations

Table 5 Early Results of Prophylactic Thyroidectomy in MEN2A

Number of

carriers/ Basal Positive Number of
Histopathology

subjects/
families

calcitonin
elevated

penta-gastrin
test

total thyroidectomies
(+ node dissection)

Macro
MTC

Micro
MTC CCH

Node
Pos.

21/132/7 0 9 13(+) Pg+ = 7 3 4 0

Pg� = 6 1 2 3 0

Source: Ref. 84.
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except codons 790 and 791 (115). They should all un-
dergo total thyroidectomy; however, this can be de-
layed beyond 5 years of age. Some groups recommend
10 years of age, and others wait for provocation testing
to become positive. The age at which provocation tests
become positive is usually between 3 and 35 years, with
fewer than 5% converting after this age, according to
Raue and Frank-Raue (116).

In patients with a positive provocation test but nor-
mal baseline calcitonin, there is rarely nodal involve-
ment [e.g., only 1 of 34 patients in the series of Gimm
et al. (107)]. Similarly, Murat et al. (106) found that
when the stimulation test was positive but the level
was less than 130 pg/mL, none of 20 patients had nodal
involvement. There seems to be little advantage in
delaying surgery beyond late adolescence regardless of
the test results as continued life-long testing will be
required and there is the possibility of missing the
opportunity to cure the disease.

Consequently, is it necessary to perform central node
clearance for prophylactic surgery in MEN2A? For the
moment, the answer is yes in the patient over 10 years of
age or if there is a positive pentagastrin test or if there is
a codon 634 mutation. Up to the age of 5 years, system-
atic node clearance may not be necessary, particularly
for non-634 mutations.

Reoperation for MTC. MTC is unfortunately not
responsive to standard chemotherapeutic regimens,
radiotherapy, or hormone therapy. Control of diarrhea
can be partially achieved with octreotide.

Reoperation is indicated in a number of situations.
Even in the absence of macroscopic disease in the neck
and mediastinum, if calcitonin levels remain elevated
postoperatively, and initial surgery did not consist of
extensive lymph node dissection, reoperation is indi-
cated unless macroscopic distant metastases are present
(104). In this circumstance completion total thyroidec-
tomy, if not already performed, central node, lateral
node, and selective mediastinal node clearance is re-
quired. The technique of microdissection as originally
described by Tisell et al. (117) and practiced by others
(105), including ourselves, is recommended.

When macroscopic disease is present in the neck,
surgery may be indicated to avoid local complications.

Mediastinal node dissection via sternotomy is con-
troversial because of a slight increase in morbidity and
lack of evidence that it alters the natural history of the
disease. Mediastinal nodes are just as likely to be in-
volved as lateral neck nodes and may be involved when
lateral nodes are uninvolved (i.e., ‘‘skip nodes’’) (105).
At least the central compartment should be cleared
down to the level of the brachiocephalic veins. This
strategy results in normalization of the pentagastrin
stimulation test in 38% of cases at 1 year (104).

3.2.3 Hyperparathyroidism

HPT is reported in 17–40% (mean 22%) of cases of
MEN2A (89,118). It often has a late presentation,
around 40 years of age, and reveals the syndrome in
only 8% of cases. Frequently patients are normocalce-
mic and the HPT is not clinically significant. HPT in
MEN2 is genetically determined, is not a response to
calcitonin, and is highly associated with a mutation of
codon 634. It manifests in 73% of patients with this
mutation (119). Mutations in codons 609, 611, 618, 620,
790, and 791 are less frequently associated with HPT.
Those with codon 768, 804, and 891 mutations rarely
develop HPT.

Apparently single gland disease was observed at ini-
tial operation in 37% of cases (20). The secretory func-
tion of these glands is variable. During cervicotomy for
MTC, in about two thirds of cases one finds one ormore
enlarged parathyroid glands which are hyperplastic on
histology without any evidence of hypercalcemia. In
15% of cases PTH is inappropriately elevated in the
presence of normocalcemia.

With respect to the parathyroid glands, the primary
surgical concern in MEN2A is to avoid hypocalcemia
after thyroid surgery for MTC or its prophylaxis.
Adequate thyroid surgery requires thymectomy with
central node clearance. In normocalcemic patients it is
our practice to try to leave the (normal) superior glands
in situ and transplant to the sternomastoid muscle
the (normal) inferior glands, which are resected en bloc
with the thyroid, lymph nodes, and thymus. Any en-
larged parathyroid glands should also be excised, leav-
ing an adequate amount of vascularized parathyroid
tissue. In hypercalcemic patients, subtotal parathyroid-
ectomy or total parathyroidectomy with autograft to
the nondominant forearm may be indicated. Other
surgeons practice routine total parathyroidectomy and
autografting to the sternomastoid or forearm to facili-
tate radical neck clearance without concern for the
vascularity of the parathyroids (104).

Table 6 Correlation of MEN2 Mutation and Risk of MTC

Risk group Mutations

Recommended

age for surgery

Very high 883,918,922 1 month to 1 year
High 611,618,620,634 2–5 years
Intermediate 609,768,790,791,

804,891

5–10 years
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3.3 MEN2A with Hirschsprung’s Disease

Mutations of the RET proto-oncogene, which are inac-
tivating by nature, are known to cause Hirschsprung’s
disease. Activating mutations of codons 609, 618, and
620 have been found in patients with MEN2A and
Hirschsprung’s disease. There have been rare cases of
Hirschsprung’s disease with activating mutations of
these codons yet no features of MEN2A disease.

3.4 MEN2A with Cutaneous Lichen Amyloidosis

This is a rare variant of MEN2A with the addition of
pruritic, macular, cutaneous lesions of the interscapular
region of the upper back. It is associated with mutation
of codon 634.

3.5 Multiple Endocrine Neoplasia Type 2B

(Gorlin or Steiner’s Syndrome)

MEN2B is much less common than MEN2A. The
clinical course of the syndrome is dominated by that
of the associated MTC, which is more aggressive in this
disease than in any other clinical settings. Diarrhea
from hormone secretion by metastatic MTC can be
troublesome despite octreotide therapy. The other
major morbid component of the syndrome is intestinal
ganglioneuromatosis. Pheochromocytoma is observed
in about one half of patients, at a later age of onset than
the MTC. It may not have time to manifest in many
cases. Hyperparathyroidism is not a feature ofMEN2B.
There appears to be an equal sex distribution. Sporadic
germline mutation is the cause of the syndrome in about
50% of cases. Kindreds may be short-lived due to the
lethality of the mutation. The distinctive features of this
syndrome are the characteristic facies and marfanoid
habitus, which are usually present from infancy and
allow instant diagnosis if recognized (Figs. 6,7). The full
syndrome was described by a number of groups (4,5),
but it is perhaps the name of Gorlin that is most asso-
ciated with MEN2B.

The condition is sufficiently rare that frequently the
diagnosis is delayed. The most striking feature is thick-
ened lips and eyelids as a result of submucosal neural
tumors. The tongue is nodular and dentition usually
deranged.Adults are characteristically marfanoid. Neu-
ral hypertrophy is most evident in the retina as seen by
slit lamp examination. Orthopedic problems including
pes cavus and talipes may be the initial presentation.
During infancy and childhood, megacolon development
due to intestinal ganglioneuromatosis may necessitate
surgery in 50% or more of patients (121). Commonly,
the appearance of a lump in the neck, which gives rise to

the diagnosis of MTC, is the trigger to the diagnosis of
MEN2B. Pheochromocytoma may occasionally be
diagnosed before any other feature of the syndrome is
recognized.MTC inMEN2B typically presents in child-
hood with apparently aggressive disease, having nodal
and distant metastases. It is well recognized that infants
withMEN2Bmay haveMTC, suggesting the possibility
of malignant change in utero. Despite metastatic dis-
ease, patients may live for many years with minimal
morbidity due to indolent behavior of their tumor.

MEN2B is associated almost exclusively with a
mutation of the codon 918 in the intracellular domain
of theRET proto-oncogene located on chromosome 10.
Other rarer mutations occur in codons 883 and 922.

The surgical strategy for MTC in MEN2B is similar
to that ofMEN2A. In sporadic or index cases, surgery is
carried out at diagnosis. The presence of a functioning
pheochromocytoma must be sought and treated before
thyroid surgery! In sporadic cases, surgery consists of
total thyroidectomy with central compartment and up-
per mediastinal node clearance, thymectomy, and bilat-
eral neck dissection.

Prophylactic surgery should be performed probably
before the age of 1 year and perhaps in the first few
months. Microscopic MTC is commonly found within
the first year of life, and lymph node metastasis in
infants has also been described (109). Total thyroidec-
tomy with central node dissection is performed in this
setting. Lymph node involvement indicates the need for
more extensive lymph node clearance.

Occasional children present with true ‘‘short seg-
ment’’ Hirschsprung’s disease. Others with intestinal
ganglioneuromatosis may present a pseudo-Hirsch-
sprung’s disease. Gene analysis in these patients allows
prophylactic thyroidectomy for cure at an early age
(120).

3.6 Familial Medullary Thyroid Cancer

In this variant of MEN2, no other features are ex-
pressed. The MTC is similar to that of other MEN2
syndromes, i.e., multifocal, arising in a background of
CCH, and metastasizing readily. There is some varia-
tion of clinical course within this group, due in part to
the existence of a number of different genetic mutations,
but in general onset is at a later age and the clinical
course is more indolent than in MEN2A. Mutations of
many codons in both the extracellular and intracellular
domains of the RET proto-oncogene have been associ-
ated with FMTC (Table 4). There is overlap of the
genetic mutations in MEN2A and FMTC, and thus the
two conditions cannot be differentiated by the genotype
in all cases. There is a danger that MEN2A may be
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misdiagnosed as FMTC due to lack of expression of
other features during the lifetime of kindred members.
To avoid the possibility of missing the opportunity to
screen for pheochromocytoma, there are strict inclusion
criteria which can be applied before confirming FMTC
(53). There should be more than 10 carriers in the
kindred and multiple carriers or affected members over
the age of 50 who have been thoroughly investigated.

Prophylactic thyroid surgery should be undertaken
in FMTC at the appropriate age determined by muta-
tion analysis just as in MEN2A.

3.7 Mixed MEN1 and MEN2

Rare observations of apparentmixed syndromes such as
ZES and pheochromocytoma (122) are difficult to
explain now that the genetic basis of each condition
has been clearly determined.They are probably variants
of MEN1.

4 OTHER ENDOCRINE TUMOUR

SYNDROMES

4.1 Familial Hyperparathyroidism and

Hyperparathyroid–Jaw Tumor Syndrome

Huang et al. (123) reported 51 cases of familial hyper-
parathyroidism without MEN. Hypercalcemia in these
patients is often severe and associated with complica-
tions. Multiple gland disease was found in 45% of cases
and supernumerary glands in 29%. Persistent or recur-
rent HPT was observed in 20% of cases after surgery.

There is no doubt that there is genetic heterogeneity
in this group of patients (123). Wassif et al. (124) re-
ported a large family with HPT characterized by meta-
chronous adenoma development and in one case
carcinomatous change. Five affected family members
were genetically tested, none of whom had mutations in
the MEN1 gene or the RET gene. Tsukada et al. (125)
recently reviewed mutations of the MEN1 gene. It
appears that some missense mutations are specifically
associated with familial hyperparathyroidism.

Jackson et al. (126) described the HPT–jaw tumor
syndrome. This consists of primary HPT and mandib-
ular fibrous tumors inherited in an autosomal dominant
fashion: the gene is located at 1q21-32 (127). These are
not the brown tumors of HPT and do not disappear
after parathyroid surgery. The clinical expression of this
condition is often delayed beyond the age of 40 years.
The parathyroid disease may take the form of adeno-
ma(s), carcinoma F adenoma(s), and hyperplasia. The

glands are frequently cystic. One variant is described
with familial cancer of the parathyroid.

The principles of surgery in this group are the same
as for MEN1. These syndromes should generally be
regarded as multiglandular for the purpose of surgical
strategy. Subtotal parathyroidectomy, thymectomy,
and a search for supernumerary glands including open-
ing the carotid sheaths is recommended.Where a family
history of parathyroid cancer exists, surgery should be
undertaken at the first sign of hyperparathyroidism.
Jaw tumors require resection.

4.2 Familial Hypocalciuric Hypercalcemia

and Neonatal Hypercalcemia

While these disorders are not due to endocrine tumors,
they are included here because familial hypocalciuric
hypercalcemia (FHH) is the major differential diagnosis
of primary hyperparathyroidism. The syndrome of fa-
milial benign hypercalcemia was described in 1972 by
Foley et al. (128). The principal characteristic is modest
hypercalcemia, which is generally asymptomatic and
typically begins in childhood. There is associated mild
hypermagnesemia and hypophosphatemia. The urinary
calcium is inappropriately low in relation to the serum
level. SerumPTH is usually normal but inappropriate to
the serum calcium level (129,130). The glands are appa-
rently normal macroscopically and histologically (129).
The condition is hereditary, transmitted as an auto-
somal dominant pattern. The prevalence is not well
known. In 1980 Marx et al. (131) reported 9% of pa-
tients operated without success for primary HPT had
in fact FHH. According to Toss et al. (132), in a region
of Sweden, 1 in 10,000 of the population had this con-
dition, while 3 in 10,000 had primary HPT.

Hypercalcemia is relatively stable throughout life ex-
cept in infancy, where the serum calcium level may be a
little higher (133). Daily calcium excretion is usually
less than 100 mg per 24 hours with a lowered ratio of
calcium clearance to creatinine clearance. A calcium
clearance/creatinine clearance ratio of <0.01 suggests
FHH, while a ratio of >0.02 suggests HPT (129–131).

Severe neonatal hypercalcemia, on the other hand, is
rare and classically presents with extreme, symptomatic,
and sometimes fatal hypercalcemia. Recently genetic
studies have shown that these syndromes represent the
heterozygous and homozygous form of the same disor-
der of calcium receptor function for which the gene lies
at chromosome 3q. The parathyroid cells and renal
tubular cells are less than normally sensitive to ambient
calcium, resulting in higher urinary conservation of cal-
cium and an elevated serum level. From a surgical point
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of view the difference between the two forms is major. In
the case of severe neonatal hypercalcemia, the interven-
tion must be as early as possible and requires total
parathyroidectomy and thymectomy with parathyroid
cryopreservation if onewishes to avoid persistent hyper-
calcemia and high associated mortality (134). Some
authors, however, counsel a conservative approach if
possible (133), as it appears there may be variants in
which the neonatal hypercalcemia may ameliorate with
time. In the case of FHH, the hypercalcemia is usually
modest, with few clinical features. Surgery should be
avoided because less than total parathyroidectomy re-
sults in persistent hypercalcemia (129), while total para-
thyroidectomy results in hypoparathyroidism (129,131)
and no clinical benefit.

4.3 Familial Nonmedullary Thyroid Cancer

Familial papillary thyroid cancer is becoming more
widely recognized (135). While sporadic papillary can-
cers are frequently associated with RET-ptc mutations,
genetic studies have not yet located the gene(s) respon-
sible for familial disease. About 6% of all patients with
papillary cancers have a family history. At least 90% of
FNMTC is papillary cancer. The majority of reports
suggest that the familial forms are more aggressive than
sporadic disease (136).

Familial Hürthle cell carcinoma is rare. It has been
associated in some cases with mutations at 19p13.2
(137).

4.4 Inherited Pheochromocytoma and

Paraganglioma Syndromes Other Than

MEN 2

4.4.1 Neurofibromatosis Type 1
(Von Recklinghausen’s Disease)

Neurofibromatosis (NF) type 1 is an autosomal domi-
nant disorder arising from mutations of the NF tumor
suppressor gene at chromosome 17q11. This is a large
gene with many mutations identified over its entire
length.No genotype-phenotype correlation has yet been
found.

The disease occurs in about 1 in 3500 people. The
predominant features of the disease are benign cuta-
neous neurofibromas and café-au-lait spots. Less than
4% of NF patients develop pheochromocytoma, which
is bilateral in about 10% of cases and malignant in 10%
of cases (138). They are usually intra-adrenal (96%) and
may be of mixed pathology such as neuroblastoma and
ganglioneuroma.

In the syndrome of von Recklinghausen’s neurofi-
bromatosis, periampullary duodenal somatostatinomas
with psammomatous calcification sometimes occur and
are virtually pathognomonic, occasionally being the
presenting lesion (139). Unusual groupings of endocrine
tumors are occasionally seen. Examples are association
of NF with MTC and HPT (Fig. 8), which have been
observed by the senior author.

4.4.2 Von Hippel–Lindau Syndrome

Von Hippel–Lindau Syndrome (VHL) is a relatively
rare, autosomal dominant cancer syndrome with an in-
cidence of about 1 in 35,000. TheVHL tumor suppressor
gene is located at chromosome 3p25–26.A great number
of mutations have been identified. The gene mutation
leads to an upregulation of vascular endothelial growth
factor (VEGF). The syndrome is characterized by reti-
nal angiomas (55%), medullary angioblastomas (55–
85%), and renal cell carcinoma (30%) (140). Families
with a missense mutation generally also have pheochro-
mocytomas andare classed asVHL type 2. Familieswith
other mutations and without pheochromocytoma are
classed as VHL type 1 (140).

Pheochromocytomas are observed in 42%of cases of
VHL. They are bilateral in about 50% and are fre-
quently ectopic, in particular intrathoracic (141). Pan-
creatic tumors are also common (20–55%) and are
usually cystic and nonfunctioning but may be solid and
functioning. The majority of the endocrine pancreatic
tumors are benign, and 8% of the pheochromocytomas
are malignant. As many as 20% of all pheochromocy-
tomasmay in fact be due to VHL (140). About a quarter
of patients with VHL do not have a family history but
are de novo cases.

4.4.3 The Familial Paragangliomas,
Pheochromocytomas, and Succinate
Dehydrogenase Deficiencies

Recent studies have shown that a significant proportion
of familial pheochromocytoma is due tomutation of the
succinate dehydrogenase gene. Succinate dehydrogen-
ase has four subunit components: SDHA, SDHB,
SDHC, and SDHD. Mutations in SDHC and SDHD
are associated with familial paraganglioma (142), and
SDHB has recently been associated with both familial
paraganglioma and phaeochromocytoma (143).

Extra-adrenal pheochromocytomas or paraganglio-
mas arise from the same neural crest–derived cells as
adrenal medullary pheochromocytoma. They occur in
a young population, between 10 and 30 years of age,
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and they are multiple in 15–24% of cases. Only 1% of
paraganglionomas of the head and neck secrete cat-
echolamines, while intrathoracic, intra-abdominal, ret-
roperitoneal, and pelvic lesions are usually secretory.
They are more often malignant than adrenal phaeo-
chromocytomas: about 40% versus 10% in the litera-
ture (144) and 59% versus 18% in our experience. These
tumors arise from the vagus and glossopharyngeal
parasympathetic ganglia, the sympathetic paraverte-
bral chain including the organ of Zuckerkandl, the ca-
rotid and aortic bodies, the wall of the jugular vein,
tympanic plexus and visceral autonomic ganglia such
as in the bladder. Paragangliomas are rarely amenable
to laparoscopic surgery because of their unusual lo-
cations, hypervascularity, and frequent multiplicity of
lesions.

A comparison of the characteristics of phaeochro-
mocytoma in MEN2A, VHL, NF type 1, and succinate
dehydrogenase deficiency is shown in Table 7.

4.5 Cowden Syndrome

This syndrome, named after Rachel Cowden, who was
the first described patient, is due to mutation of the

PTEN gene and is characterized by multiple hamarto-
mas, breast cancer, characteristic facies, and sometimes
an intellectual deficit. The cutaneous lesions are facial
papules, oral mucosal papillomatosis, and acral kera-
tosis. In both men and women there is an association
with differentiated carcinoma of the thyroid and with
HPT (145).

4.6 Tuberous Sclerosis

In the syndrome of tuberous sclerosis, an autosomal
dominant phakomatosis, angiomyelolipomas, occa-

Table 7 Characteristics of Familial Pheochromocytomas

Mean age
Bilaterality

%
Ectopic

%
Malignant

%

MEN2A 40(14–68) index 60 4 3

26 screened
VHL 28(5–58) 50 15 <10
NF1 42(1.5–74) 10 4 10

SDD 20(10–30) 20 >80 50

SDD, succinate dehydrogenase deficiency.

Figure 8 Neurofibromatosis type 1. This patient had an operation for medullary thyroid cancer.
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sional adrenal pheochromocytomas, and occasional
cases of insulinoma have been described. Two different
genes have been associated with the syndrome.

4.7 Familial Adenomatous Polyposis

Familial adenomatous polyposis is an autosomal dom-
inant syndrome of multiple colonic polyps with a high
rate of malignant transformation. The gene responsible
is the FAP gene at chromosome 5q21. Small intestinal
adenocarcinoma, in particular at the ampulla of Vater,
is the next most significant tumor, occurring in 10% of
cases. In Gardner’s syndrome, which is a variant, there
are also osteomas and desmoid tumors and epidermoid
cysts. There is an association with papillary carcinoma
of the thyroid. The Leeds Castle polyposis group (146)
(an international workshop group) had collected 69
such cases by 1991. Of these, the majority were papil-
lary but were not uncommonly the follicular variant of
papillary or ‘‘mixed papillary and follicular.’’ Occa-
sional apparently purely follicular carcinomas were
noted. The papillary lesions were typically multicentric
and cribriform. There is no doubt that they occur more
commonly than in matched populations, with approx-
imately 100-fold relative risk. There is a further associ-
ation with adrenal cortical adenomas.

4.8 Carney Triad or Complex

In 1985 Carney et al. (147) published a report of 40 cases
in which there was an association of cardiac (72%),
cutaneous (45%), and breast (30%) myxomas with
muco-cutaneous lentigines (65%), melanotic schwan-
nomas, Cushing’s sydrome due to pigmented macro-
nodular adrenocortical hyperplasia (45%), acromegaly
(10%), and Sertoli cell testicular tumors (56%). The
prognosis is largely determined by the presence of the
cardiac myxomas, which are late presenting and often
multiple and tend to recur after excision. Cushing’s syn-
drome in these patients may be cured by bilateral
adenalectomy. Testicular tumors are frequently bilat-
eral and multicentric and often occur in children.
Screening for lesions should begin at about the age of
5 because of early and severe manifestations of the
syndrome.

4.9 Carney Syndrome

This syndrome is an association of pulmonary chon-
droma, gastric leiomyosarcoma (Fig. 9), and function-

ing extra-adrenal paraganglioma (148). It does not
appear to be inherited.

4.10 Ataxia–Telangiectasia Syndrome

Ataxia–telangiectasia (AT) is a rare autosomal recessive
disorder characterized by progressive neuronal degen-
eration, immunological deficiency, radio-sensitivity,
and an increased risk of cancer. Several studies have
confirmed that AT heterozygosis increases the risk of
breast cancer and there is also an association with
papillary thyroid cancer.

4.11 Li–Fraumeni Syndrome

The Li–Fraumeni syndrome is caused by a mutation in
the p53 gene located on chromosome 17p13. This gene
acts as a tumor suppressor gene and is vital to the process
of apoptosis of abnormal cells formedbymitosis.Awide
range of tumors, including sarcoma, breast cancer, and

Figure 9 Gastric leiomyosarcoma in Carney syndrome.
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lung cancer may arise as a result. There is a frequent
association with carcinoma of the adrenal cortex.

4.12 Familial Glucocorticoid Remediable

Hyperaldosteronism

Approximately 50 families with a precocious and severe
hypertension, hypokalemia, and hyperaldosteronism
have been reported. This may give rise to an asymmet-
rical nodular hyperplasia of the adrenal glands. Surgery
is not indicated, and therapywith steroids is appropriate
(149). Therapy with dexamethasone relieves the hyper-
tension and hyperaldosteronism.

4.13 Familial Carcinoid Syndrome

Oberg reported four families in whichmidgut carcinoids
developed over two generations. These were not asso-
ciated with known genetic defects including MEN1
(150).

4.14 Noonan Syndrome

This is an autosomal dominant or sporadic syndrome
due to mutation at chromosome 12, which may affect
both sexes and has a phenotype similar to Turner’s syn-
drome. There is an association with neurofibromatosis
and pheochromocytoma (151).

4.15 Beckwith–Wiedeman Syndrome

This is a congenital syndrome of hemihypertrophy,
macroglossia, gigantism, and omphalocele with viscero-
megaly. Postnatal hypoglycemia due to islet cell hyper-
plasia/nesidioblastosis, pancreatoblastoma, adrenal
cortical carcinoma, Cushing’s syndrome, and Wilms’
tumor are some of the many associations of this syn-
drome. The syndrome is generally sporadic but may be
inherited in a minority of cases.
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1 OVERVIEW

Carcinoid tumors are slow-growing malignancies with
distinct biological and clinical characteristics. Because
these tumors derive from neuroendocrine cell compart-
ments, their frequency of occurrence correlates with the
site-density of neuroendocrine cells. As such, over 60%
of carcinoid tumors arise along the largest human en-
docrine organ, the intestine. Another common location
is the bronchopulmonary system (25%), reflecting the
high density of Kulchitsky cells in the respiratory epi-
thelium. Other carcinoid tumors, however, occur infre-
quently and in obscure sites; their biological and clinical
characteristics may not be as apparent.

The clinical manifestations of carcinoid tumors are
often either vague or absent. Nevertheless, in approx-
imately 10% of patients these tumors secrete bioactive
mediators, which may engender various elements char-
acteristic of the carcinoid syndrome. Symptoms gener-
ally manifest following metastasis to the liver but may
commonly occur in primary ovarian or retroperitoneal
carcinoid tumors. After localization and biochemical
characterization, the bioactivity of these tumors should
be blocked by the somatostatin analogue octreotide,
sometimes in combination with other pharmacological
antagonists, with a goal of symptom control and in-
creased safety of primary tumor resection. If curative
resection is not feasible, then a cytoreductive manage-
ment scheme should be employed, which includes sur-
gical debulking and, when necessary, hepatic arterial

embolization, followed by palliation with octreotide.
Newer therapeutic modalities, such as receptor-based
isotope therapy, are under investigation.

Since carcinoid tumors differ substantially from con-
ventional gastrointestinal adenocarcinomas in their
pathophysiology and outcome, it is imperative that
the surgeon consider the biology of these lesions in
defining appropriate therapy. This chapter will briefly
focus on these aspects of carcinoid tumors and will out-
line primary management options. An algorithm for
choice among these options will be presented, and the
effect of this algorithm on patient outcome will be sum-
marized. In addition, the management of specific or un-
usual presentations of enterological carcinoid tumors
will be described.

2 HISTORICAL PERSPECTIVES

Although Langhans (1) described a gut carcinoid tumor
in 1867, it was not until 1888 that Lubarsch (2) became
the first to describe such a lesion in detail (Fig. 1). At
that time, Lubarsch described the microscopic features
of multiple tumors of the ileum, but regarded them as
carcinomas. Two years later, Ransom (3) provided the
first detailed descriptions of the classical symptoms of
carcinoid syndrome in a patient with an ileal carcinoid
tumor and hepatic metastases. Oberndorfer (4) first
used the word Karzinoide in 1907 to distinguish these
neoplasms, which he believed to be benign, from malig-
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Figure 1 Prominent figures in the early recognition of carcinoid disease. The report of Theodor Langhans (1839–1915) (top left)

in 1867 of an intriguing ileal tumor was referred to by Otto Lubarsch (1860–1933) (top right) in 1888. Two years later, William
Ransom (1860–1909) described a patient with what is now recognized as the classical carcinoid syndrome. Siegfried Oberndorfer
(1876–1944) coined the term Karzinoide in 1907 to describe these characterstic lesions; the histological diagrams in his work

closely resemble those of Lubarsch from some 20 years prior.
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nant adenocarcinoma, with its distinctly different bio-
logical behavior and prognostic implications. The rec-
ognition of carcinoids as endocrine-related tumors was
outlined by Gosset andMasson in 1914 (5). However, it
was only in 1963 that Williams and Sandler (6) classi-
fied carcinoids according to their anatomical site of
origin: (a) foregut carcinoids (respiratory tract, stom-
ach, duodenum, biliary system, and pancreas), (b)
midgut carcinoids (small bowel, appendix, cecum, and
proximal colon), and (c) hindgut carcinoids (distal co-
lon and rectum). However, with the subsequent intro-
duction of immunohistochemistry and the refinement
of diagnostic imaging methods (computed tomogra-
phy, magnetic resonance imaging, and SPECT-based
somatostatin receptor scintigraphy) over the past two
decades (7), the management of neuroendocrine tumors
has advanced significantly.

In recent years it has become apparent that the term
‘‘carcinoid’’ represents a wide spectrum of neoplasms
originating from a variety of neuroendocrine cell types.
It has become apparent that this archaic descriptor fails
to convey the pathological spectrum of such neoplasms
with their wide array of secretory products.

Although the precise identification of the specific cell
type of each neuroendocrine tumor of the gastrointes-
tinal tract is far from complete, the widespread use of
endoscopy, ultrasonography, and other advanced imag-
ing modalities has significantly enhanced the identifica-
tion of previously undetectable lesions and allowed a
more accurate delineation of metastases. As a conse-
quence, there has been an apparent statistical increase in
enterological carcinoid tumor incidence over the last 20
years (16).

Almost half a century after Gosset and Masson
initially detailed the derivation of these tumors from
cells with argentaffin-staining properties, Erspamer
and Asero (8) in 1952 identified the primary secretory
product of the gut enterochromaffin (EC) cell as 5-
hydroxytryptamine (serotonin). Lembeck (9) later iso-
lated serotonin from a human ileal carcinoid tumor and
proposed that this bioactive amine caused the hormonal
symptoms of the carcinoid syndrome.

Elucidation of the embryological origin of the EC
cell, which in turn gives rise to the midgut carcinoid
tumor, has not been without controversy. In the first
half of the twentieth century, Masson (10) proposed
that argentaffin cells originated from gut endoderm,
while Danisch (11) argued on the basis of morphology
that these cellsmust derive andmigrate from the visceral
abdominal neural plexus. In 1966, Pearse (12) proposed
that enterochromaffin cells, like all cells that exhibit
amine precursor uptake and decarboxylation (APUD),

derived embryologically from the neural crest and then
migrated into the gut during cellular maturation. Al-
though the unifying concept of APUD cells served to
emphasize the production of bioactive amines by tu-
mors derived from these cells, this theory of common
origin has since proven to be flawed (13).

3 NEUROENDOCRINE GUT BIOLOGY

The gastrointestinal tract is the largest neuroendocrine
system in the body. Unlike other endocrine organs, the
endocrine cells of the gut are dispersed singly through-
out the tract from the gastro-esophageal junction to the
rectum. In some instances these cells have a brush bor-
der accessing the gut lumen, while in other cases access is
limited to surrounding cells, blood vessels, and nerves.
One particular point of interest in the pathobiology of
gastrointestinal endocrine cells is their relation to carci-
noid tumors. A number of observations have supported
the hypothesis that these neoplasms and naı̈ve endo-
crine cells arise from the same progenitor cell: (a)
characteristic similarities between normal endocrine
cells and carcinoid tumor cells are demonstrable by spe-
cific staining; (b) electron microscopy studies have re-
vealed almost identical neuroendocrine granules in
naı̈ve and neoplastic cells; and (c) immunocytochemis-
try of the peptide products supports the histogenesis of
gastrointestinal carcinoid tumors.

Each type of endocrine cell may produce one or more
bioactive products (peptides), although in many in-
stances the exact products and their precise functions
remain without full delineation. These peptides are
transmitted to their sites of action by any of three main
pathways: endocrine, paracrine, or neurocrine. Peptides
for which an endocrine function has been proven in-
clude gastrin, secretin, cholecystokinin, peptide YY,
and somatostatin. Those for which a hormonal role is
very likely, but not unequivocally proven, include gas-
tric inhibitory polypeptide (GIP), motilin, and gluca-
gon-like peptide-1 (GLP-1). Peptides secreted from
typical endocrine cells but for which an endocrine
function has yet not been identified with certainty
include neurotensin, enteroglucagon, and GLP-2.

Gastrin has a pivotal role in that it directly regulates
gastric enterochromaffin-like (ECL) cell proliferation
and histamine release. Histamine stimulates the acid
secretion of parietal cells and exerts a substantial trophic
effect on the ECL cells of the stomach. Recently, peptide
YY has been implicated in the inhibition of peripheral
gastric acid secretion. Of considerable clinical relevance
is somatostatin, which is secreted by D cells in the
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stomach and small intestine. In broad terms, somato-
statin appears to function as a general inhibitor of many
gastrointestinal functions, either directly or indirectly
influencing motility, secretion, and absorption.

4 DEMOGRAPHICS

Carcinoid tumors are enigmatic, slow growing malig-
nancies which occur most frequently (67%) in the
gastrointestinal tract (Fig. 2). Gastrointestinal carci-
noids are not rare, arising in 1.68 of every 100,000 people
(14). Carcinoid is, in fact, the most common endocrine
gut tumor (15). Carcinoid lesions are usually identified
histologically by their affinity for silver salts, by general
neuroendocrine markers, or, more specifically, by im-
munocytochemistry using antibodies against their spe-
cific cellular products.Within the gut, the most frequent
sites of origin are the small bowel (25–28%), rectum (9–
15%), appendix (4–12%), and stomach (4–5%). Sites of
less frequent occurrence include the esophagus (0.04%
of all carcinoid tumors), gallbladder (0.18%), biliary
tract (0.23%), liver (0.3–0.4%), and pancreas (0.7%)
(14,16,17).

In many instances these neoplasms are detected in-
cidentally at the time of noninvasive imaging or at sur-
gery for other gastrointestinal disorders. The tendency
for metastatic spread does correlate with tumor size
and is substantially higher in lesions larger than 2.0 cm.
An association with synchronous noncarcinoid ne-
oplasms is noted in 8–22% of lesions (14,18); adeno-
carcinoma of the colon is the most common second
primary tumor (19). At initial clinical presentation, an
incomplete evaluation could miss a second primary

lesion that may necessitate a radically different ther-
apy. Similarly, such patients should be followed ag-
gressively for the development of new metachronous
primary gut tumors, whereas the appearance of a car-
cinoid recurrence or metastasis should prompt at-
tempts at tissue or biochemical diagnosis to be sure
that the supposed carcinoid is not, in fact, a distinct
adenocarcinoma.

5 CLINICAL FEATURES

5.1 Clinical Manifestations

Carcinoid lesions are the most common enterological
endocrine tumors, comprising approximately 50%of all
neuroendocrine tumors of the gastrointestinal tract.
The presence of these lesions may be undetectable for
years without obvious signs or symptoms. Evidence for
this observation is supported by their relatively high
incidence in large autopsy series (16). The occurrence of
symptoms can be attributed either to local tumor effects
or to the bioactive products of the neoplasm. Symptoms
caused by local tumor effects include vague and non-
specific abdominal pain, which is often undiagnosed
or leads to erroneous diagnoses. A relatively large per-
centage of carcinoid tumors are found as multiple le-
sions, suggesting that a common growth factor stimulus
may influence similar stem cells in different locations
throughout the body. A widely variable clinical picture
may be evident, depending on the combination of
bioactive substances secreted by the tumor.

The humoral secretion of tryptamines from primary
midgut carcinoids and mesenteric lymph node metasta-
ses is generally countered by monoamine oxidase activ-
ity during initial hepatic passage; secreted products of
retroperitoneal or ovarian carcinoids may bypass the
liver and therefore cause systemic symptoms without
metastases (20). Midgut carcinoid tumors are generally
advanced at diagnosis unless they are discovered inci-
dentally. Mucosal lesions may ulcerate and present with
bleeding. Direct obstruction of the small bowel is un-
common except by very large tumors. However, small
bowel obstruction is not rare in patients with bioactive
carcinoid tumors. Intra-abdominal and retroperitoneal
fibrosis are often clinically impressive and have been
attributed to secretory products of these tumors such as
serotonin. The humorally stimulated overproduction
of extracellular matrix within the bowel wall, the
mesentery, and the retroperitoneum may cause marked
cicatrization, which may kink and obstruct the bowel.
Such fibrosis may also result in intestinal ischemia or

Figure 2 Distribution of 10,878 carcinoid tumors by site.
(From Ref. 44.)
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infarction, while ureteral obstruction may also occur
(21).

5.2 Carcinoid Syndrome

The classical carcinoid syndrome occurs in fewer than
10% of patients (22); its most typical clinical manifes-
tations include cutaneous flushing and gut hypermotil-
ity with secretory diarrhea, which occurs in up 75% of
individuals (23). Less frequent findings include bron-
choconstrictive wheezing, myopathy, increased skin
pigmentation, and cardiac valvular abnormalities (24–
27). These symptoms may be paroxysmal and wax or
wane with time or, alternatively, may respond intermit-
tently to a particular trigger agent, such as alcohol, aged
cheese, coffee, or exercise. A common feature of all
carcinoid tumors is a significant association with other
noncarcinoid tumors of various histological types. It
has been proposed that some of the bioactive agents
secreted by such neoplasms function as growth factors
which may promote phenotypic changes in susceptible
cells and hence induce neoplastic transformation. This
may be consistent not only with the role of neuroendo-
crine cells in the regulation of secretion andmotility, but
also in cell proliferation and differentiation.

The observed frequency of carcinoid syndrome
symptoms varies with the intensity with which physi-
cians seek them and the nature of the documented series.
Investigation of such symptoms should suggest the
possibility of a carcinoid tumor. Although diarrhea
and flushing are the most common systemic symptoms,
a third of patients with elevated serotonin levels may
lack either symptom (28). The characteristic carcinoid
facial flush is frequently accompanied by lacrimation
and may be induced by small amounts of alcohol or
coffee. Clinical evaluation of these patients must also
explore the possibility of synchronous or metachronous
gastrointestinal tumors.

6 BIOCHEMICAL CHARACTERIZATION

AND DIAGNOSTIC FEATURES

6.1 Histology

Carcinoid tumors share unifying biological character-
istics at clinical, histological, and epidemiological levels.
Clinically, these tumors commonly present with a pro-
tean variety of classical symptoms. When such symp-
toms are not identifiable, the agents secreted may be
biologically inactive, secreted in small amounts, inacti-
vated by the liver, ormay be of a subtlemetabolic nature

not currently detectable. Histologically, these tumors
are composed of small epithelioid cells with basophilic
nuclei and slow growth potential, characterized by a low
mitotic index. Carcinoid tumor cells may be distin-
guished by their characteristic neuroendocrine secretory
granules; they stain immunocytochemically with a vari-
ety of neuroendocrine markers, such as synaptophysin,
neuron-specific enolase, and chromogranin A (29). The
classic argyrophilic staining is found in a majority of
neuroendocrine tumors, whereas argentaffin staining is
relatively specific for midgut carcinoid tumors contain-
ing serotonin (24). Epidemiologically, carcinoid tumors
are compatible with a substantially longer life expect-
ancy than adenocarcinomas of a similar stage. The pre-
sence of severe hormonal symptoms in patients who
may live for years with such tumors has prompted
palliative cytoreduction in patients for whom complete
extirpation is not feasible. Therapeutic methods allow-
ing this cytoreduction without open surgical procedures
are under investigation.

6.2 Composite Tumors

Increasing pathological sophistication has led to the
identification of a genus of adenocarcinoid gastrointes-
tinal tumors, most common in the appendix, but also
found elsewhere in the gastrointestinal tract. These rare
tumors, which contain elements resembling both adeno-
carcinoma and carcinoid tumor, are often termed com-
posite or collision tumors depending on whether the
disparate tumor elements are intermixed or simply in
close contact (30). Although such tumors may display
biochemical evidence of bioactive secretion, they are not
typically accompanied by clinical evidence of the carci-
noid syndrome. Although the rarity of composite tu-
mors precludes definitive life table analysis, their natural
history appears to resemble that of gastrointestinal
adenocarcinomas, and they should therefore be treated
accordingly.

6.3 Biochemistry

Since carcinoid tumors frequently present with obscure
clinical manifestations, an extensive series of investiga-
tory procedures are often undertaken before the correct
diagnosis is finally established. The diagnostic strategies
employed usually depend on the individual clinical
presentation. If a classical symptom complex can be
identified, the relevant specific peptides and amines
should be measured. Thus, in gastric carcinoids, ele-
vated plasma histamine levels may be seen, while small
bowel lesions may exhibit increased levels of plasma
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substance P, serotonin, or increased urinary 5-hydroxy-
indoleacetic acid (5-HIAA). If results are equivocal,
these tests should be repeated and the nonspecific plasma
markers of neuroendocrine tumors, such as pancreatic
polypeptide and chromogranin, should be measured.

Classical biochemical identification of carcinoid
tumors has involved quantitation of 24-hour urinary
excretion of 5-HIAA. With a normal range of 2–8 mg
per 24 hours, this test has been reported to have 73%
sensitivity and a specificity of 100% (31). In our clinical
laboratory, this test is considered strongly positive only
if urinary 5-HIAA is greater than 30mg/d. Feldman has
detailed the techniques and precautions involved in this
test. Measurement of plasma or urinary serotonin,
substance P, neurotensin, chromogranins, or h-human
chorionic gonadotropin may also prove useful in the
diagnosis of selected patients. Biochemical testing has
primarily been used to diagnose carcinoid tumors and is
now providing information for the development of tar-
get-specific pharmacological antagonism.

6.4 Pentagastrin Provocation

For patients in whom biochemical evaluation is nega-
tive or equivocal, yet strong clinical suspicion for carci-
noid persists, provocation testing may substantiate the
diagnosis. Provocatory tests originated with observa-
tions that small doses of epinephrine or norepinephrine
could recreate carcinoid flushing (32). Although the epi-
nephrine challenge reveals both biochemical and clinical
evidence of carcinoid syndrome in some patients, the
test is neither sensitive nor specific. Pentagastrin stim-
ulation tests have now evolved into a more accurate
means of biochemically demonstrating an occult carci-
noid tumor. It is likely that pentagastrin acts as an en-
dogenous catecholamine test by liberating epinephrine,
norepinephrine, and dopamine from the adrenal glands.
Pentagastrin does not appear to have a direct effect on
serotonin release from carcinoid tumor cells. Such
provocation testingmay also demonstrate the complete-
ness of octreotide blockade in patients with established
carcinoid syndrome before undergoing tumor manipu-
lation or general anesthesia (33).

6.5 Provocative Testing and Scintigraphy

If the nonspecific plasma markers of neuroendocrine
tumors (pancreatic polypeptide or chromogranin) are
elevated and urinary 5-HIAA and plasma amines (sub-
stance P and serotonin) levels are unremarkable, the use
of a provocative study such as the pentagastrin test may

be of value (34). If the provocative study is positive or
one of the above amines is initially elevated, the precise
localization of the primary tumor and its metastases
should be undertaken, utilizing somatostatin receptor
(SSTR) scintigraphy. Intravenous

111In-labeled octreo-
tide can identify neuroendocrine tumors expressing
somatostatin receptors, particularly of the subtypes 2
and 5, for which octreotide has a particularly high
affinity (35). The sensitivity of somatostatin receptor
scintigraphy (SRS) can be further enhanced by the
simultaneous use of single positron emission computed
tomography (SPECT) imaging. Although intraopera-
tive gamma detection has been utilized and was initially
considered to be potentially superior to SSTR scintig-
raphy in the detection of small endocrine lesions, the
lack thus far of appropriate collimators has resulted in a
disappointing early experience.

7 SITE-SPECIFIC DISEASE

7.1 Overview

Consistent with their endodermal origin, carcinoid
tumors are historically classified according to foregut,
midgut, or hindgut derivation. Foregut endocrine cells
give rise to carcinoid tumors in the respiratory tract, the
stomach, the first part of the duodenum, and the pan-
creas (Fig. 3). Midgut carcinoid tumors appear in the
bowel from the second part of the duodenum through
the ascending colon and appendix, whereas hindgut
carcinoids appear in the transverse and descending
colon and rectum. Carcinoid tumors from different
segments of the embryological gut typically differ in
the character of their bioactive products. These differ-
ences in secreted agents result in differences in symp-
toms and immunohistochemical staining patterns, and
variations in anatomical location and venous drainage
may further alter clinical presentations. Most notably,
foregut carcinoids characteristically present early with
local symptoms in the bronchial tract (cough, wheezing,
hemoptysis, or infection distal to the tumor). Bronchial
carcinoids frequently produce unusual systemic symp-
toms such as atypical and severe flushing (36) or no
systemic symptoms at all, because of a low serotonin
content and a variety of unusual bioactive agents.
Kallikrein secretion, which induces bradykinin-like
peptides and hypersecretion of histamine, has been
linked to the atypical bronchial carcinoid flush. Midgut
tumors most commonly produce serotonin and tachy-
kinins but often cause systemic symptoms (diarrhea,
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flushing, wheezing, right-sided valvular disease, and cu-
taneous telangiectasias) only after metastasis to the
liver. An exception to this is the appendiceal carcinoid,
which is a relatively benign lesion that rarely produces
serotonin. These tumors present with local symptoms
such as acute appendicular obstruction. Hindgut tu-
mors characteristically synthesize and store several hor-
mones or proforms of hormones not clearly proven to
be secreted into the circulation. The substances immu-
nolocalized to these tumor cells may include somatos-
tatin, tachykinins, glicentin, and peptide YY (37).

Most carcinoids derive from the embryological mid-
gut. Indeed, one meta-analysis of 3718 collective cases
(38) found 45% of the tumors to be in the appendix and
28% within the jejunum or ileum. Conversely, 34% of
small intestinal neoplasms and 77% of neoplasms of the
appendix are carcinoids. Although Meckel’s diverticu-
lum is relatively uncommon, among Meckel’s divertic-

ular tumors, carcinoid is the most common and may
occur in up to 13% of all diverticula.

7.2 Esophagus

The first description of an esophageal carcinoid was
noted in 1969 by Brenner et al. (39), and to date only 17
patients have been reported; the average age at diag-
nosis is 58 years (range 30–82) (40,41). Esophageal
carcinoid lesions exhibit a marked male predominance
with a male:female ratio of 6:1.

Most esophageal carcinoids occur in the lower third
of the esophagus or at the gastroesophageal junction;
this parallels the distribution of endocrine cells. Such
lesions arise in the submucosa but have generally
invaded the esophageal wall at the time of presentation.
Local lymph nodemetastases are a common feature and
are present in approximately 50% of patients.

Figure 3 Gross pathological appearance of some carcinoid tumors. (a) Gastric fundus demonstrating typical carcinoid lesion
with intact mucosa and focal gastritis. (b) Ileal carcinoid lesions (arrows) with overt ulceration of the largest lesion (right).

(c) Knuckle of bowel formed by characteristic ileal carcinoid lesion, with muscular hypertrophy and direct serosal involvement.
(d) Appendiceal tip exhibiting classic focal carcinoid nodule.
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Patients usually present with nonspecific symptoms,
which may be indicative of a carcinoid neoplasm,
including dysphagia (64%), weight loss (43%), pain
(14%), reflux esophagitis (14%), fatigue (7%), and me-
lenic stools (7%) (40). However, the occurrence of the
carcinoid syndrome is rare for patients with esophageal
carcinoid.

Immunohistochemical studies may reveal immuno-
reactivity for neuron-specific enolase (NSE), vasoactive
intestinal peptide (VIP), and serotonin (40). Interest-
ingly, many tumors are not positive for argentaffin and
argyrophilic staining. An association with Barrett’s
esophagitis has been described (42); an increased num-
ber of endocrine cells has been found in the setting of
Barrett’s metaplasia and may therefore lead to an
increased incidence of esophageal carcinoids.

The diagnostic algorithm is similar to that of all
esophageal masses and includes endoscopy with biopsy
and computed tomography to exclude distant metasta-
ses. Barium studies may also be useful to assess the ex-
tent of the lesion. Evaluation of 5-HIAA in a 24-hour
urine collection is not recommended, as only 25% of
such patients exhibit elevated levels (40).

Esophageal carcinoids exhibit a malignant nature
with a high degree of local spread and a relatively poor
outcome compared to that of colonic carcinoids (15).
Survival correlates well with the stage of the disease;
whereasmost stage I and II patients are tumor-free after
an interventional procedure, most stage III and IV
patients ultimately die of the disease process.

Most of the 17 patients described above underwent
subtotal esophagectomy with gastroesophageal anasto-
mosis; local excision was performed for one small
esophageal lesion, with survival of this patient 8 years
after the initial procedure.

7.3 Stomach

Gastric carcinoid tumors were previously thought to be
extremely rare lesions. In literature from the preendo-
scopic era, they comprised only 0.3% of all gastric
tumors and 1.9% of all gastrointestinal carcinoids.
More recent studies have reported that as many as 10–
30% of all carcinoids may occur in the stomach. In
addition, it has been noted that gastric carcinoids ex-
hibit an increased incidence in individuals with atrophic
gastritis and pernicious anemia or in those with
a combined Zollinger-Ellison syndrome and MEN1
(ZES-MEN1) (43). This apparent increase may repre-
sent either an improvement in diagnostic techniques,
increased awareness of carcinoid disease, or a true in-
crease in incidence. Indeed, a 40-year analysis of 265

gastric carcinoid tumors from the National Cancer In-
stitute (NCI) database revealed an increase in gastric
carcinoids among all gastric malignancies from 0.3 to
0.54% (17). In the same study, the percentage of gastric
carcinoids among all gastrointestinal carcinoids in-
creased from 2.4 to 5.6% over a 20-year period (1969–
1979). The average age at diagnosis remained relatively
unchanged (62.4 vs. 63.8 y).

Although earlier reports have suggested that approx-
imately one half of gastric carcinoid tumors are not lo-
calized to the stomach at diagnosis (17), recent analysis
of the National Cancer Institute’s Surveillance, Epide-
miology, and End Results (SEER) database, with case
data on 501 gastric carcinoid tumors, indicates that
among such tumors diagnosed during the 1992–1999
period, 67.5% were solitary, 3.1% were regionalized,
and 6.5% were associated with distant metastases (44).
In addition, an associationwith other noncarcinoid neo-
plasms was evident in 20.5% of these cases.

Hypergastrinemia-associated gastric carcinoid tu-
mors (those of type A chronic atrophic gastritis and
ZES-MEN1 patients) typically have a good prognosis
(45), are generally noninvasive, and metastasize in only
a small percentage (7.6–12%) of individuals. Sporadic
gastric carcinoid tumors often display markedly aggres-
sive local biological behavior and tend to demonstrate
distant metastases. The 5-year survival rate is signifi-
cantly higher for localized disease (64.3%) and for le-
sions with regional metastases (29.9%) than for lesions
with distant metastases (10%) (17). Although the tend-
ency to metastasize correlates with tumor size, minute
primary tumors have been reported with spread. Fac-
tors predicting aggressive behavior in sporadic tumors
include moderate cellular atypia, 2 or more mitoses per
10 high-powered fields, angioinvasion, and transmural
invasion of the gastric wall (46).

Patients with gastric carcinoid tumors generally pres-
ent with a variety of nonspecific symptoms and signs,
including pain, vomiting, upper gastrointestinal bleed-
ing, dyspepsia, anemia, heme-positive stools, and gas-
tric polyps at endoscopy. It is very unusual for gastric
carcinoids to exhibit symptoms of the carcinoid syn-
drome (47). The appearance of such symptoms is usu-
ally associated with sporadic gastric carcinoid tumors,
which behave as neuroendocrine carcinomas.

As such, three distinct gastric carcinoid tumor types
have been proposed in light of the distinct pathobio-
logical behaviors of these tumors: (a) gastric carcinoids
associated with type A chronic atrophic gastritis (CAG/
A), (b) gastric carcinoids associated with a ZES-MEN1,
and (c) sporadic gastric carcinoids. Gastric carcinoids
arising in CAG/A patients (type I tumors) and ZES-
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MEN1 patients (type II tumors) are usually associated
with hypergastrinemia (48); histologically, these tumors
consist mainly of ECL cells. Type I lesions are the most
frequent and comprise approximately 65% of all gastric
carcinoids. These tumors are localized in the oxyntic
mucosa (gastric body and fundus) in individuals with
CAG/A with or without pernicious anemia.

One characteristic feature of gastric carcinoid tumors
is a multiplicity of small lesions of low malignant poten-
tial. In patients with type II tumors (ZES-MEN1),
numerous small lesions, together with argyrophil cell
hyperplasia or dysplasia, are evident throughout the
entire nonatrophic oxyntic mucosa, in contrast to the
flattened mucosa of CAG/A patients (49). Sporadic
carcinoid lesions (type III tumors) are encountered less
frequently (21%) and display a moderately aggressive
behavior with invasive growth and a high incidence of
metastasis. They are almost invariably solitary large le-
sions that evolve within normal gastric mucosa and in
association with normal plasma gastrin levels.

Histopathologically, gastric carcinoid tumors com-
prise a variety of cell types including enterochromaffin,
enterochromaffin-like, and X cells. They display growth
patterns similar to those observed in carcinoid tumors
fromother locations and include trabecular or gyriform,
medullary or solid, glandular or rosette-like growth, or
a mixture of these types. Over 80% of gastric carcinoids
are argyrophilic, but only a minority (14%) stain pos-
itively for argentaffin (50). Immunohistochemically,
chromogranin, synaptophysin, and Leu-7 are present
in over 90% of cases, whereas neuron-specific enolase
and serotonin are detectable in only 60% and 34%,
respectively.

Neuroendocrine carcinomas, previously known as
atypical carcinoids, represent an aggressive neuroendo-
crine neoplasm that bears greater resemblance to spora-
dic carcinoids than to hypergastrinemia-associated
tumors. These lesions display invasive growth, metasta-
size with great frequency, and progress rapidly.

Upper gastrointestinal endoscopy with biopsy is the
most useful diagnostic tool. Gastric carcinoids are typ-
ically small, rounded, submucosal masses, which are
often yellow in color (51). In patients with multiple
tumors, numerous small, erythematous nodules may be
seen. Solitary lesions are often found as large and ul-
cerated erythematous nodules. Barium contrast studies
are useful in diagnosing polypoid tumors, and endo-
scopic ultrasoundmay be of value in identifying submu-
cosal lesions and determining the degree of transmural
spread.

The overall 5-year survival rate in gastric carcinoid
tumors of types I, II, and III is 68.1% when the lesion is

localized, 34.9% with regional spread, and 10.0% with
distant metastases (44). There is, however, a far higher
survival rate for the type I subgroup.

Hypergastrinemia-associated lesions less than 1.0 cm
in size and fewer than three to five in number should
initially be managed by endoscopic excision if possible
(52). If a lesion is larger than 1.0 cm, more than five
lesions are present, or recurrence at a site of endoscopic
polypectomy is present, local excision of the lesions and
antrectomy to eliminate the trophic stimulus (gastrin)
that promotes tumor growth should be performed.
Regression of gastric carcinoids has been reported after
antrectomy alone. Nevertheless, such regression is not
always the case, and the criteria for predicting whether
this will occur remain ill-defined. Either endoscopic
polypectomyor surgical excision andantrectomy should
be followed by surveillance endoscopy with biopsy at
6-month intervals. Sporadic lesions and neuroendocrine
carcinomas require aggressive surgical management
upon diagnosis; complete or partial gastrectomy with
regional lymph node dissection is mandatory in such
cases (53).

7.4 Duodenum

The small intestine is the most frequent location for
carcinoid tumors, and lesions of this organ comprise
between 26.8 and 28.7% of all carcinoids in large series
(16). However, it is likely that the real incidence of small
intestinal carcinoids is even higher, given the relatively
large number of asymptomatic and thus undetected le-
sions. In addition, small bowel carcinoids are the second
most frequent neoplasm encountered in the small intes-
tine, after adenocarcinomas.

In an autopsy series by Berge and Linell, carcinoids
comprised 95% of all small intestinal primary tumors;
88% were incidental (54). Such lesions occur 6.5–8.4
times more frequently in the ileum than in the duode-
num and jejunum (55), and their relative frequency in-
creases in the aboral direction. This is distinct from ade-
nocarcinomas, most of which occur in the duodenum
and decrease in the aboral direction. The male:female
incidence ratio shows a slight predominance for women
(between 1.1 and 1.6), and the average age at diagnosis
of small intestinal carcinoid is 64.2 years (16).

The majority of patients present with dyspepsia sug-
gestive of duodenal ulceration. In some circumstances
anemia from covert bleeding can occur; rarely, a major
gastrointestinal bleed precedes carcinoid diagnosis.

Five major types of neuroendocrine tumors are iden-
tifiable in the duodenum. Gastrin-producing tumors
with a trabecular pattern (type I) are most frequent,
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and occur preferentially in the proximal duodenum. In
one third of patients, an association with Zollinger-Elli-
son syndrome and multiple endocrine neoplasia type 1
(ZES-MEN1) is evident. Somatostatin-producing tu-
mors (type II) are second in frequency, have a predi-
lection for the ampulla of Vater, and are often a
component of neurofibromatosis. Histologically, type
II lesions demonstrate a glandular structure and exhibit
psammoma bodies. Gangliocytic paragangliomas (type
III) are characterized by their nonfunctioning behavior
and frequently occur in the ampullary or periampullary
regions. Such lesions are predominantly immunocyto-
chemically somatostatin- and pancreatic polypeptide–
positive, and usually are benign (56). Tumors producing
serotonin and other hormones such as calcitonin and
pancreatic polypeptide (type IV) are rare. These are
usually small lesions residing outside of the ampulla and
lack signs and symptoms of infiltrative growth. Poorly
differentiated neuroendocrine carcinomas (type V) are
quite rare and highly malignant neoplasms, usually oc-
curring in the ampulla of Vater. A notable feature of
duodenal carcinoids is their association with von Reck-
linghausen’s disease, Zollinger-Ellison syndrome, and
multiple endocrine neoplasia (57).

Burke et al. (58) have characterized the histological
and immunohistochemical features of 65 duodenal car-
cinoids. The majority of such tumors showed a mixture
of cribiform, insular, glandular, solid, and trabecular
growth patterns. Eighty-five percent of the examined
neoplasms were argyrophilic, while the remainder
stained positive for argentaffin positivity. Over 80%
showed a positive staining for chromogranin, Leu-7,
and neuron-specific enolase. In addition, 47% of these
duodenal carcinoids were positive for somatostatin,
56% for gastrin, 39% for serotonin, 19% for calcitonin,
while fewer than 5% were positive for either insulin,
pancreatic polypeptide, adrenocorticotropic hormone,
or glucagon. That the immunocytochemical profile of
duodenal carcinoids is similar to that of normal duode-
nal mucosa lends credence to the previously noted po-
sition that mucosal endocrine cells are the site of origin
for transformed carcinoid precursors.

Negative prognostic features associated with metas-
tases in duodenal carcinoids include tumor size of >2
cm, involvement of themuscularis propria, and the pres-
ence of mitotic figures (59). Small duodenal carcinoids
may be resected endoscopically with good outcome, al-
though bleeding is a common hazard.

Small lesions of <2 cm should ideally be aggressively
treated, although the ability of an individual patient to
withstand a pancreatico-duodenal resection requires
careful consideration. In the case of larger lesions a

similar policy may be adopted, although the likelihood
of metastases usually precludes curative resection.
Occasionally the endoscopic biopsy of a small (<0.5
cm) ‘‘suspicious’’ nodule in the duodenummay yield the
diagnosis of carcinoid tumor. Endoscopic excision may
be considered in such circumstances, although there is
little formal data to support such an option. In elderly or
unfit persons, however, this consideration may be rea-
sonable.

7.5 Jejunum and Ileum

The prognosis of small bowel carcinoids reflects the
malignant nature of the tumor with early dissemination
to both lymph nodes and the liver. Jejuno-ileal carci-
noids, in particular, have a relatively poor 5-year sur-
vival rate (55%) compared with other gastrointestinal
carcinoids. One explanation may derive from the fact
that carcinoids of the rectum, the duodenum, and the
stomach are now detectable earlier by endoscopy,
whereas jejuno-ileal carcinoids are only evident when
they become symptomatic. These mid-bowel lesions
often exhibit transmural invasion and metastases at
the time of diagnosis. The overall male:female ratio
for carcinoid of the small intestine is 1.10 (44). Incidence
among white males is 0.67 per 100,000 population per
year (1.28 among African American males). Incidence
among white females is somewhat lower, with an anal-
ogous increased incidence among African American
females as well: 0.48 and 0.76 per 100,000 population
per year, respectively (14,16).

The clinical presentation of jejuno-ileal carcinoids
differs from those occurring in other sites of the gut.
Such tumors are usually at an advanced stage at the time
of presentation; in many instances they are detected at
surgery for unexplained bowel obstruction or during
exploration of the small bowel in search of a primary
tumor once distant metastases have been detected.
However, in the majority of individuals the diagnosis
of carcinoid is not made prior to surgery. The carcinoid
syndrome is reported to occur in up to 18% of patients
with jejuno-ileal carcinoids (60); this is rarely evident in
carcinoids of the duodenum.

Extensive liver metastases without a carcinoid syn-
drome may also occur. This suggests the nonsecretory
nature of certain tumors. An association with other
noncarcinoid neoplasms is evident in 16.6% of distal
small bowel carcinoids and constitutes the largest per-
centage of such incidence among all gastrointestinal
carcinoids.

Jejunal and ileal carcinoids typically display an insu-
lar growth pattern (type I), which consists of solid nests
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or cords of cells with clearly defined boundaries (55).
The trabecular pattern (type II) consists of narrow cell
bands forming ribbons and regularly anastomosing
along a highly differentiated vascular network. The
third type demonstrates a glandular pattern, consisting
of cells arranged in alveolar, acinar, or rosette patterns
with glandular cavities or pseudocavities. Type IV and
V carcinoids consist of undifferentiated and mixed cells,
respectively. The frequency of multicentricity lies be-
tween 26 and 30% (55,61).

Lundqvist and Wilander (62) describe endocrine cell
hyperplasia and small proliferating endocrine cell
aggregates within the mucosal crypts in association with
the small intestinal carcinoids, suggesting that such
lesions originate from an intraepithelially located endo-
crine cell and subsequently infiltrate through the base-
ment membrane into the lamina propria. Transmural
invasion is a common feature contributing to the
aggressive clinical behavior of the neoplasm. The tumor
cells characteristically display arggrophilic and argen-
taffin positivity, and the vast majority of all small bowel
carcinoids are ‘‘classical’’ ileal carcinoids, with produc-
tion of serotonin and substance P. Enteroglucagon-,
pancreatic polypeptide–, and peptide YY–producing
tumors are exceptionally rare. In addition, over 85%
of distal small bowel tumors exhibit positive reactions
for chromogranin, Leu-7, neuron-specific enolase, and
serotonin (55). Carcinoembryonic antigen is present in
about two thirds of ileal and jejunal carcinoids, pro-
static acid phosphatase in about 20%, and S-100 protein
in 7%.

In jejuno-ileal carcinoids, several factors have been
postulated as predictors of their relatively malignant
nature, including distant metastases at the time of sur-
gery, rate of mitosis, lesion multiplicity, female gender,
depth of invasion, and the presence of carcinoid syn-
drome (55). Tumor size is the most predictive correlate
for the frequency of nonlocalized disease.

In general, the carcinoid syndrome is clinically appar-
ent once hepatic metastases are present; this initiates
clinical investigation. The 5-year survival rate of
patients with hepatic tumor spread is 20–30%. An
increased median survival (4.4 years) is evident in
patients with jejuno-ileal carcinoids exhibiting a mixed
insular and glandular histological pattern (63). In con-
trast, patients with an undifferentiated cellular atypia
have a median survival of only 6 months. In lesions with
pure insular and trabecular patterns, an intermediate
prognosis is evident, with a median survival time of 2.9
and 2.5 years, respectively.

Metastatic spread to the regional lymph nodes is
often noted at the time of diagnosis of the small bowel

carcinoid. Thus, wide resection of the primary tumor,
including regional lymph nodes, is advisable. Since
multicentric lesions, liver metastases, and other non-
carcinoid malignancies may occur, a careful search
should be undertaken at surgery even in the presence
of a small primary tumor. Even if liver metastases are
present at diagnosis during surgery, the primary tumor
should be resected to avoid complications such as bowel
obstruction, bleeding, and perforation.

7.6 Appendix

Although appendiceal carcinoids were previously rec-
ognized as the most frequently occurring carcinoid tu-
mors, their relative frequency appears to have decreased
over time (4.7–18.9% of all carcinoid tumors and 7.4–
25.7% of all gastrointestinal carcinoids) (16). This may
be secondary to a decreased surgical commitment to
appendectomy over the past two decades In addition,
the relative frequency of appendiceal carcinoids com-
pared with all tumors of the appendix has decreased
over the past 30 years, from 40% to 15.2% during the
most recent decade (44). Identification of an appendi-
ceal carcinoid occurs in 5–6 per 1000 appendectomies
(6), but the exact incidence is not known because many
such lesions remain asymptomatic.

Berge and Linell identified appendiceal carcinoids
in 0.04% of individuals in an autopsy series of 16,294
cases between 1958 and 1969 (54). The true number is
assumed to be much higher, as the use of immunocyto-
chemistry to detect neuroendocrine lesions is a relatively
recent development. Although a marked female pre-
dominance (over 80%) has been reported, one series of
820 patients revealed an age-adjusted male:female ratio
of only 0.47 (22). Appendiceal carcinoids present in a
younger patient population than other gastrointestinal
carcinoid tumors, with a median age of 42.2 years, re-
flecting the role of appendectomy in the identification of
such lesions (16,64).

A minority of these tumors present with signs and
symptoms of acute appendicitis; the carcinoid syn-
drome is very rarely observed. In such circumstances,
these symptoms are usually associated with widespread
metastases of the primary tumor, predominantly to the
liver or retroperitoneum.

Appendiceal carcinoids may be divided into two
types: EC-cell argentaffin carcinoids and nonargentaffin
L-cell tumors, with the majority of lesions identified as
EC-cell tumors producing serotonin and substance P
and exhibiting a typical insular pattern. The nonargen-
taffin L-cell tumors are much less common, producing
glicentin-related peptides (enteroglucagons), pancreatic
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polypeptide, and peptide YY, and usually have a tra-
becular growth pattern. Occasional instances of positive
immunostaining for vasoactive intestinal polypeptide
(VIP) and adrenocorticotropic hormone (ACTH) have
been reported. A variant of the true appendiceal car-
cinoid is the so-called mucinous carcinoid or adeno-
carcinoid. These mixed lesions exhibit macroscopic
similarities to true carcinoids, but possess morpholog-
ical features suggestive of both carcinoid and glandular
differentiation. The growth of appendiceal carcinoids is
exclusively in the lamina propria, beneath the epithelial
crypt of the submucosa, and in the lamina muscularis
mucosa; these lesions appear to have a relatively benign
clinical and biological nature. In 1928, Masson identi-
fied the subepithelial Kulchitsky cells as the origin of
appendiceal carcinoid tumors and demonstrated that
these cells exhibit both endocrine andneural characteris-
tics (65).Withmodern immunocytochemical techniques
it has been demonstrated that these subepithelial neuro-
secretory cells are an integral part of the subepithelial
nerve plexus. Shaw et al. (66) provided further evidence
of the neuroectodermal origin of appendiceal carci-
noids, reporting that subepithelial neuroendocrine cells
of the appendix were more numerous towards the tip,
while epithelial neuroendocrine cells were evenly dis-
tributed throughout the organ. This is consistent with
the observation that 70–80% of appendiceal carcinoids
occur at the tip, 5–20% in the body, and only 7–8% at
the base of the organ. The complete absence of sub-
epithelial neuroendocrine cells in the appendiceal speci-
mens surgically removed from patients with total
aganglionosis further supports this concept of neural
origin.

Appendiceal carcinoid patients are generally young,
and it is noteworthy that in the Mayo Clinic series the
patients with larger tumors and metastases were
younger (29 years) than those with smaller and clinically
benign lesions (42 years) (67). Associated noncarcinoid
tumors are evident in 17.9% of lesions, the third highest
percentage in the gastrointestinal tract after small intes-
tinal and gastric carcinoids.

Carcinoid tumors of the appendix are usually dis-
covered as an incidental finding during surgery per-
formed for other reasons. The diagnosis is often made
at laparotomy or laparoscopy, undertaken to evaluate
nonspecific symptoms or for those of appendicitis.

Patients with appendiceal carcinoids have the best
prognosis among all types of carcinoids, and the rela-
tively benign course of these tumors may reflect either
the anatomical site of the lesion, its early detection and
removal, or the biology of the tumor itself. The most

predictive determinants of survival are the factors that
influence metastatic development; in this respect, the
size of the primary tumor is the most reliable determi-
nant of the risk of metastases. Appendiceal carcinoids
smaller than 2.0 cm rarely metastasize (<3%), while the
risk of metastatic spread is considerably higher in le-
sions of >2.0 cm (30–60%) (67). Furthermore, the
metastatic potential depends greatly upon the depth of
penetration and the site of origin. Mesoappendiceal
invasion is reported to occur more frequently in patients
with distant and lymph node metastases. However,
some reports have suggested that the invasion of the
mesoappendix is not a reliable predictor of metastatic
potential (68,69).

Surgery is the treatment of choice in carcinoids of the
appendix. Lesions of<1.0 cm have an exceedingly small
risk of metastatic spread, and simple appendectomy
without further follow-up is generally accepted as the
most appropriate treatment (67,70). In tumors>2.0 cm,
a more aggressive resection, consisting of a right hemi-
colectomy or ileocolectomy and lymph node dissection,
is ideal. The same procedures should be performed in
tumors with vascular invasion, involvement of the
mesoappendix, or nodal spread (71). Right hemicolec-
tomy has also been advocated in cases of appendiceal
carcinoids involving the base of the organ. However,
instances of patients with incomplete excision of tumors
of the base of the appendix remaining disease-free for
17–30 years after the operation have been reported
(72,73). In elderly patients or those at high operative
risk, a simple appendectomymay be justified, evenwhen
the lesion is larger than 2.0 cm. For appendiceal carci-
noids 1.0–2.0 cm in size, the appropriate treatment
depends on several factors. A more radical approach
is recommended in the following circumstances:
younger patients, tumor extension into the mesoappen-
dix, lymphatic metastases, or tumor location near the
base of the appendix. The 5-year survival rates for
localized lesions, regional spread, and distant metasta-
ses are 90.7, 81.5, and 28.2%, respectively (44).

7.7 Meckel’s Diverticulum

The most common developmental abnormality of the
gastrointestinal tract, Meckel’s diverticulum is a vestig-
ial remnant of the omphalomesenteric duct. Johann
Friedrich Meckel (74) reported this anomaly in 1809,
although the German surgeonWilhelm Fabry of Hilden
is noted to have reported this unusual diverticulum of
the small intestine in 1598 (75). In 1962 Thorek (76)
described his theory of Meckel’s diverticula (now seen
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only as a first-order approximation) as follows: 2% of
the population, 2 feet from the ileocecal valve, 2 inches
in length, 2 times as common in males compared to
females, 2 types of ectopic tissue (gastric and pancre-
atic), and 2 types of complication (hemorrhage and
inflammation). After sarcoma, carcinoids are the sec-
ond most common tumor arising from Meckel’s diver-
ticula (77). Three fourths of patients with Meckel’s
diverticulum carcinoid are male (78). Roughly 50% of
patients with known liver metastases develop symptoms
of the carcinoid syndrome. Common symptoms among
such patients include abdominal pain (33%), diarrhea
(19%), gastrointestinal bleeding (19%), weight loss
(11%), and nausea or emesis (8%) (78). Meckel’s diver-
ticula are unusual sites for both benign and malignant
neoplasms (79); the incidence of carcinoid in aMeckel’s
diverticulum is between 0.3 and 1.7%. Seventy percent
of patients with carcinoid of Meckel’s diverticula are
diagnosed at laparotomy. Overall 5-year survival is
50% but decreases to 21% with liver metastases (80).
Multiple synchronous diverticular lesions have also
been noted (81). Metastases to lymph nodes and the
liver are noted in approximately 25% of diverticular
carcinoid cases. Since most of these lesions are found by
chance and are often small, surgical management of
noncomplicated diverticular carcinoid includes simple
excision of the diverticulum and a wedge of adjoining
mesentery. Larger lesions should be treated using the
principles applied to the management of ileal carcinoid
tumors.

7.8 Colon

Carcinoid tumors of the colon comprise 4.4–13% of all
carcinoid cases and occur most frequently (39–47%) in
the cecum (82,83). It is probable that some cecal lesions
are initially of appendiceal origin and have extended
into the cecum. A female predominance is noted, with a
male:female ratio of 0.66. The average age at the time of
diagnosis is 70 years (16).

Around 6% of patients with colonic carcinoids are
asymptomatic (84). The remainder of patients typically
complain of abdominal pain, ranging from vague and
generalized to severe. Over half of patients complain of
nonspecific symptoms such asweight loss andweakness,
but occasionally diarrhea or rectal bleeding may occur,
suggesting a tumor location distal to the hepatic flexure.
Diarrhea as a part of the carcinoid syndrome itself is
very rare (3%) in these patients.

In general, carcinoids of the colon resemble those
of the rectum. However, colonic lesions exhibit a more

undifferentiated pattern with clinically more aggressive
features, whereas well-differentiated histological pat-
terns, such as insular, trabecular, and glandular types,
are less common.

Size criteria are of little use in the assessment of the
prognosis of colonic carcinoid tumors, since the major-
ity of these lesions exceed a size of 2.0 cm and involve the
muscularis propria at presentation (84). As such, co-
lonic carcinoids exhibit the poorest prognosis among all
gastrointestinal carcinoid tumors, with an overall 5-year
survival of only 33–42%. Nuclear mitotic rate, overall
tumor grade, and the histological pattern of the neo-
plasm also influence survival. Associated noncarcinoid
tumors occur in 18.9% of patients (16).

Diagnosis of colonic carcinoid is usually made by
colonoscopy and biopsy, though occasionally a double-
contrast barium enema may be of use.

A local excision can only be recommended in the
minority of patients who present with a tumor size of
<2.0 cm. Analysis of Connecticut tumor registry data
noted that only one out of six tumors with a size of >2
cm was nonlocalized, whereas metastases were evident
in more than two thirds of patients with a tumor of >2
cm in diameter (82). With this, a wide resection, includ-
ing lymph node dissection, is advocated for most
patients. Excision should follow the principles of co-
lonic adenocarcinoma resection.

7.9 Rectum

Rectal carcinoids comprise 21.2% of all carcinoid
tumors and represent the second largest group of gut
carcinoids. No specific gender predominance is noted;
the average age at diagnosis is markedly lower than for
colonic carcinoids (56.7 vs. 70 years) (14,16). The age-
adjusted incidence rates of rectal carcinoids is three to
four times higher in African Americans compared to
American white populations.

Approximately 50% of patients with rectal carci-
noids are asymptomatic. When complaints are present,
they usually manifest as a discomfort in the anorectal
area, with some degree of constipation, bleeding, or a
change in bowel habits. Rarely, rectal pain and pruritus
ani may occur. In general, rectal carcinoids identified as
small, mobile, submucosal nodules or focal areas of
submucosal thickening and are typically first observed
after a bleeding episode and subsequent endoscopy.

Although metastatic spread is a common feature in
colonic carcinoids (yielding the second highest percent-
age of nonlocalized lesions at the time of diagnosis of all
carcinoid tumors), rectal carcinoids present with metas-

Carcinoid Tumors 625



tasis in only 7–20%of cases (44). Tumors larger than 1.0
cm are more likely to have metastasized at the time of
diagnosis (Table 1). Rectal carcinoids are associated
with noncarcinoid tumors in 15.6% of cases.

Macroscopically, rectal carcinoid lesions are usually
nodular, though occasionally they may be polypoid or
sessile (85). The most common histological pattern is
that of the ribbon type, followed by mixed and acinar
patterns. On light microscopy, rectal carcinoid cells are
small to intermediate in size, arranged in clusters, and
typically demonstrate extensive necrosis. At the ultra-
structural level, neurosecretory granules 80–200 nm in
diameter are occasionally observed. Rarely, mucus-
secreting cells may be found, and may even obfuscate
diagnosis of a pure carcinoid tumor in some instances.
Occasionally, rarer forms of carcinoids, such as goblet
cell carcinoids and adenocarcinoids, are identified.

Although most carcinoids of the rectum immunohis-
tochemically exhibit numerous amines and peptides in
parallel to the normal mucosa of the rectum, presenta-
tion with clinical symptoms or the carcinoid syndrome
is very rare (86). The majority of such tumors are argy-
rophil-positive by the Grimelius stain; only a few are
argentaffin-positive. Immunohistochemical identifica-
tion in rectal carcinoids of somatostatin, glicentin,
pancreatic polypeptide, peptide YY, enkephalin, endor-
phin, and serotonin has been described. Prostate-spe-
cific acid phosphatase is expressed by rectal carcinoids,
and occasionally these tumors may also exhibit high
levels of serotonin or glucagon (87,88). They display
moderate neurofilament staining, and more than 70%
stain positive for chromogranins. More than 50% of
rectal carcinoids stain positively for neuron-specific
enolase, although the pattern of staining may be quite
variable. There is a marked variability in staining with
S-100 and Leu-7, in contrast to the positive reaction ex-

hibited by carcinoid tumors of the foregut and midgut.
Classic tumor markers, such as CA 19-9, CA 50, carci-
noembryonic antigen, and a-fetoprotein (AFP), are
consistently absent (89).

Several parameters have been suggested as predictive
criteria in the assessment of the malignant nature of
rectal carcinoid neoplasms, including tumor size, histo-
logical growth pattern (90), histological microinvasive-
ness, presenting symptoms, and DNA ploidy (91). Of
these, tumor size and microinvasiveness are the two
most important prognostic factors (18).

On physical examination, findings are usually non-
specific; digital rectal examination is mandatory, as this
may occasionally detect a tumor mass. Since most rectal
vault tumors lie in the anterior and lateral portions of
the lower one third of the rectum, the majority of such
tumors are amenable to palpation. Nonetheless, most
tumors are identified during proctoscopy and sigmoid-
oscopy.

Due to their low propensity to metastasize, rectal
carcinoids have a relatively favorable prognosis, with a
5-year survival rate of 82% (Table 2). Approximately
80% of rectal carcinoid lesions are<1.0 cm in size,
submucosal, and show no metastatic spread; for such
lesions a minor procedure (proctoscopic or transanal
resection) can be advocated (92). For tumors 1.0–2.0 cm
in size (approximately 10% of cases) without evidence
of lymph node metastasis, a wide excision with a
meticulous evaluation to exclude muscular invasion is
recommended.

If the neoplasm is z2.0 cm (10% of cases) or mus-
cular invasion or lymph node metastases are present,
radical surgery (low anterior resection with total meso-
rectal excision, or abdomino-perineal resection) should
be performed. The management of patients with rectal
carcinoids>2.0 cm with hepatic and lymph node me-

Table 1 Relationship Between Carcinoid Tumor Size and Percentage Cases with Metastatic Spread by Site

Metastatic spread (%)

Tumor <1 cm Tumor 1–2 cm Tumor >2 cm

LN Liver LN Liver LN Liver

Stomach 0 0 0 0 100 100
Small intestine 17 9 64 16 82 58
Appendix 0 0 3 0 21 24

Colon — — 13 25 79 39
Rectum 3 0 7 7 64 45

LN = lymph node metastases; Liver = liver metastases.

Source: Ref. 18.
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tastases should be analogous to that for other neo-
plasms with similar metastases. Local excision to pre-
vent bleeding, tenesmus, and obstruction is reasonable
if surgical therapy is directed in a palliative fashion. The
role of various chemotherapeutic agents is limited, but
streptozotocin, 5-fluorouracil, doxorubicin, ß-inter-
feron, and cyclosphosphamide have all been utilized
with at best modest benefit (86).

7.10 Liver

Hepatic carcinoids are commonly found in association
with metastatic spread of neoplasms originating at
distant sites such as the appendix, small intestine, or
rectum (18). In contrast, primary carcinoid tumors of
the liver are exceptionally rare clinical entities, with only
43 cases described in the literature (20,93–95), compris-
ing only 0.41% of all carcinoid lesions (44). Carcinoids
of the liver present in a characteristically young pop-
ulation (42.2 F 16.6 years) (17); the reason for this age
distribution is unclear. No specific gender predomi-
nance for primary hepatic carcinoids is noted.

The signs and clinical symptoms of hepatic carci-
noids—either primary or metastatic—are related to the
destruction of viable hepatic parenchyma by the tumor
mass, such as pain, a palpable mass, gastric outlet ob-
struction, and weight loss. Interestingly, the carcinoid
syndrome occurs in only 22% of these patients (16).

Histologically, carcinoids of the liver resemble well-
differentiated hepatocellular carcinomas, which may
complicate an initial diagnosis. Hepatic carcinoids
are usually characterized by the presence of biogenic
amines, which may be visualized by formaldehyde-
induced fluorescence. In addition, electron microscopy
may be performed to confirm the diagnosis (96). Carci-
noids can be distinguished from hepatocellular carcino-

mas by the existence of membrane-bound secretory
granules within tumor cells (dense core granules 100—
200 nm in diameter), nuclear monomorphism, and
Grimelius-positive cytoplasmic granules. It has been
suggested that neuroendocrine cells within bile ducts
may migrate into intrahepatic ducts and give rise to the
neuroendocrine tumor; other theories propose that
neuroendocrine differentiation occurs in malignant
stem cells.

The diagnosis of hepatic carcinoid tumors is often
challenging by diagnostic imaging alone, as a variety of
other hepatic lesions may resemble carcinoid disease.
The typical ultrasonographic finding is that of a hyper-
echoic mass with multiple cystic lesions. Computed
tomography often reveals low-density, moderately
enhancing areas, which demonstrate a cystic pattern.
Angiography, now only rarely employed in the detec-
tion of carcinoid lesions, can demonstrate multiple
hypervascular and centrally located radiolucent areas
within the liver. In the past, percutaneous fine needle
aspiration (FNA) or needle biopsy followed by immu-
nological and electron microscopic (EM) assessments
were recommended for diagnosis. However, transhe-
patic access is a potentially dangerous procedure for
neoplasms such as biliary cystadenocarcinoma (97), and
these maneuvers have fallen out of favor. Since secon-
dary hepatic carcinoids exceed primary lesions by far, a
careful search for primary disease must be undertaken.
Abdominal and chest CT imaging, bronchoscopy, and
hepatic venous sampling may be appropriate proce-
dures prior to a careful intraoperative exploration.

Most patients undergoing surgery exhibit a favorable
outcome (5-year survival of 53%). The survival rate for
patients receiving multimodal therapy is similar to that
of those patients treated by surgery alone, although the
number of such patients is low (98).

Table 2 Five-Year Survival Rates of Carcinoid Tumors of the Foregut, Midgut, and Hindgut

5-year survival (%)

Carcinoid site Localized Regional Distant Unstaged All stages

Foregut (stomach, liver, GB, pancreas,
trachea/bronchi/lung)

80.0 F 0.9 68.7 F 2.0 18.2 F 2.3 56.4 F 3.0 70.0 F 0.8

Foregut (GI sites only) 65.6 F 2.9 27.9 F 6.8 17.4 F 3.7 59.6 F 4.8 51.3 F 2.2
Midgut (small intestine, appendix,
colon)

67.1 F 1.3 65.8 F 1.3 35.6 F 1.5 49.8 F 3.4 57.0 F 0.8

Midgut (small intestine, appendix) 65.8 F 1.5 68.8 F 1.4 39.7 F 1.8 43.0 F 4.1 59.1 F 29.6
Hindgut (rectum) 87.4 F 1.2 40.9 F 7.6 24.9 F 6.5 77.7 F 3.7 81.8 F 1.2
Hindgut [colon (except appendix),
rectum]

84.7 F 1.1 50.8 F 2.9 23.7 F 2.3 73.1 F 3.0 68.4 F 1.0

Source: Ref. 44.
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As observed in most liver tumors of rare occurrence
(97,99), a number of different therapeutic approaches
are used in curative or palliative attempts. Systemic
chemotherapy has been used both alone and as adjunc-
tive therapy. Other patients with otherwise poor prog-
noses have undergone transarterial embolization (TAE)
or chemoembolization (TACE) (97,99). Other treat-
ments for hepatic carcinoids have included octreotide
and 60cobalt.

7.11 Gallbladder

Joel was probably the first to describe a carcinoid tumor
of the gallbladder in 1929 (100). To date, 36 cases of the
same have been reported (101,102). There is a marked
female predominance (67% of gallbladder carcinoids),
similar to that for noncarcinoid carcinoma of the gall-
bladder (61%). Patients typically present and are eval-
uated for suspicion of cholecystitis. Symptoms may be
secondary to encasement, dilatation, or obstruction of
the cystic duct by the tumor mass. Distant metastases
are noted in 75% of composite-type gallbladder carci-
noid tumors (metastatic sites: liver 42%, lymph nodes
29%, bone 8%, kidney 4%, omentum 4%). Classic
gallbladder carcinoids, however, typically show no
metastases. Most carcinoids of the gallbladder are
diagnosed coincidentally at histological examination
of specimens following cholecystectomy for cholecysti-
tis or suspected biliary malignancy. Postcholecystec-
tomy survival for patients with noncomposite tumors
is noted to approach 15 years. Prognosis is relatively
good for tumors localized to the gallbladder wall and
without metastatic spread or direct hepatic invasion
(102).

7.12 Extrahepatic Bile Ducts

Carcinoid lesions developing from endocrine cells of the
extrahepatic biliary tract are found either in the bile
ducts or the gallbladder. Bile duct carcinoids were first
noted in 1959, with the report of a patient suffering from
a carcinoid tumor involving the common bile duct
(CBD) and the cystic duct (103). To date, only 19 de-
tailed cases of carcinoid originating from the extra-
hepatic bile ducts have been described (103–106); these
comprise 0.01% of all carcinoid lesions noted in the
SEER database (16). The average age of such patients is
47.5 years (range 19–79 years), with a male:female ratio
of 1:1.3 (103). Clinical symptoms arising from such
tumors result from the obstruction of bile ducts and
often include jaundice (65%), abdominal pain (47%),

and pruritus (24%). Laboratory investigations reveal
elevated levels of serum bilirubin, serum alkaline phos-
phatase, and g-glutamyl transferase. Typical macro-
scopic findings of extrahepatic bile duct carcinoids
include a firm consistency and gray-yellow color. His-
topathologically, these tumors are composed of numer-
ous sheets, nests, and cords of cells; tubules may be ob-
served as well. Diagnostic management is frequently
directed towards elucidating the bile duct obstruction of
unknown origin, employing methodologies such as
abdominal ultrasound, CT, endoscopic retrograde chol-
angiopancreatography (ERCP) with biopsy, and occa-
sionally percutaneous transhepatic cholangiography
(PTC) in cases of complete obstruction. In 74% of
reported cases, the carcinoid tumor was located in the
CBD, whereas the remainder were found to originate in
the hepatic duct (usually at the junction of the left and
right hepatic ducts). Concomitant involvement of the
pancreatic and cystic ducts has been encountered in
one patient each. Metastatic spread occurs in almost
half of patients with extrahepatic bile duct carcinoid,
with spread predominantly to the liver (28%) (103).
Treatment for such carcinoids includes surgical exci-
sion of the neoplasm whenever feasible. A pancreatico-
duodenectomy with en bloc resection of the tumor
mass may be justified. In cases of liver metastases, a
wedge or major hepatic resection may be concurrently
performed in a curative attempt. Radiofrequency abla-
tion and chemotherapy are considered to be of little
benefit in the treatment of carcinoids of the biliary
tract. However, these may be employed as postoper-
ative adjuvant therapies, or in patients with inoperable
disease.

7.13 Pancreas

Carcinoids of the pancreas represent 0.6–1.1% of all
carcinoids (14,44). However, the true incidence of pan-
creatic carcinoid may be considerably higher than this
figure in light of the occasional difficulty in differentiat-
ing carcinoid from other endocrine neoplasms such as
insulinomas or somatostatinomas. Seventy-nine cases
of primary pancreatic carcinoid have thus far been
reported, with male:female ratio of nearly 1:1.3 and
mean age of 62 years (range 22–78 years).

The most common clinical symptoms of carcinoid
tumors of the pancreas are abdominal pain (47.5%)
and diarrhea (40%). Flushing, one of the pathogno-
monic features of the classical carcinoid syndrome,
occurs in only 27.5% of patients. Jaundice is a relatively
rare manifestation (10%) and may be attributed to the
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fact that most pancreatic carcinoids are slow-growing
lesions of the body or tail of the pancreas (107).

In the majority of cases, the disease is at an advanced
stage at the time of diagnosis. Tumor size >2 cm and
the occurrence of either regional or distant metastases
(most commonly seen in liver, bone, lung, spleen, and
breast) are usually present.

Typical histological characteristics of pancreatic car-
cinoids include sheets of medium-sized cells with fine
granular cytoplasm and monomorphic round nuclei;
these carcinoid cells form glandular structures. Mitoses
are rare, and nuclear atypism is not obvious. Pancreatic
carcinoids show positive argentaffin reactions and dem-
onstrate positive immunoreactivity for serotonin.

Diagnostic modalities such as abdominal ultrasound
and CT may be employed in the detection of pancreatic
carcinoid lesions. The typical ultrasonographic finding
is of a round or oval mass with a hyperechoic capsule,
occasionally containing calcifications (107).

CT is now the most useful method in the detection
and staging of pancreatic lesions; it may provide infor-
mation about tumor extension, invasion to adjacent ves-
sels, and spread to distant sites (108). MR imaging with
dynamic gadolinium enhancement and fat suppression
may be superior to CT in detection of small,<2.0 cm
pancreatic tumors (109).

Endoscopic ultrasound and intraoperative ultra-
sound (IOUS) may be used to visualize small or non-
palpable masses (108). IOUS may provide information
predicting the malignant potential of pancreatic carci-
noid tumors; benign lesions may be more distinctly
demarcated on US compared to malignant tumors.
Visceral angiography may be used on occasion to
investigate any possible invasion of the pancreatic
carcinoid tumor to the portal vein or vena cava.

The treatment of pancreatic carcinoid is surgical,
using the same principles as for pancreatic adenocarci-
noma.

8 LOCALIZATION OF DISEASE

8.1 Noninvasive Studies

Although barium contrast studies may demonstrate
carcinoid tumors of the small intestine as smooth,
solitary, intraluminal defects (110), such neoplasms
may extend intraluminally, with eventual obstruction
or ulceration. Additional studies, including enteros-
copy, ultrasonography, computerized tomography,
magnetic resonance imaging, SSTR scintigraphy, and

positron emission tomography, if not employed in the
initial diagnosis of the tumor, may provide useful in-
formation regarding multicentricity and sites of metas-
tases. In most instances, surgery is ultimately required
to provide definitive diagnosis and treatment.

8.1.1 Abdominal Ultrasound

The low sensitivity of only 20–30% for primary entero-
pancreatic tumors (EPT) and overall poor visualization
of small tumors excludes abdominal ultrasound as a
primary means for definitive carcinoid localization.

8.1.2 Computed Tomography

Although standard CT imaging can detect approxi-
mately 50% of either primary or metastatic tumors,
the sensitivity for small tumors (<2 cm) is as low as
35% (111). However, the use of dynamic CT with
pancreas protocols has been more effective, with sensi-
tivity ranging from 75 to 80% for smaller tumors.

8.1.3 Magnetic Resonance Imaging

MRI has a relatively low sensitivity for EPT detection.
Glucagonomas may be identified in only 25% of cases
(111). However, short-tau inversion recovery (STIR)
sequencing appears to exhibit a significant advantage in
detecting hepatic metastatic disease, with a sensitivity of
83% (112).

8.1.4 Positron Emission Tomography

PET with 18F-labeled deoxyglucose (FDG) has been
disappointing in the identification of neuroendocrine
tumors. However, Orlefors et al. employed the seroto-
nin precursor 5-hydroxytryptophan (5-HTP) labeled
with 11C to identify liver and lymph node neuroendo-
crine tumor metastases with high sensitivity (113).
Additional tracers utilizing the monoamine oxidase
inhibitor harmine have been under investigation (114,
115).

8.1.5 Somatostatin Receptor Scintigraphy

The precise localization of a primary carcinoid tumor
and its metastases is of critical relevance in the develop-
ment of an appropriate therapeutic management strat-
egy. Of particular importance is the elucidation of overt
or covert metastatic disease. An important advance has
been the development of SRS (116), which utilizes
111indium-labeled octreotide to identify tumors and
their metastases in individuals with neuroendocrine
tumors expressing the type 2 SSTR (18). Utilizing a
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gamma camera, uptake is recorded at 4 hours postad-
ministration, and further studies may be undertaken at
24 and (rarely) 48 hours, by which time renal and he-
patic background activity has significantly dissipated.
The associated use of single positron emission com-
puted tomography (SPECT) imaging provides further
enhancement of the sensitivity of this study and precise
identification of lesions that are either occult or unsus-
pected. That the entire body can be imaged at one time is
of considerable advantage since it enables the detection
of covert lesions, which might otherwise be either
undetectable (outside of an evaluated area) or require
multiple (expensive and time consuming) different im-
aging studies for identification.

In the identification of extrahepatic tumors, the
sensitivity of SRS alone is equal to that of conventional
imaging methods (CT and MRI) combined (112). The
combination of the use of conventional imaging meth-
ods in addition to SRS results in the identification of
over 95% of hepatic metastases (Fig. 4); it has been
reported that undertaking an Octreoscan leads to an
alteration in therapeutic plan for up to 20% of patients.

8.2 Invasive Studies

8.2.1 Endoscopic Ultrasonography

EUS, in experienced hands, is of particular utility in
determining the extent of carcinoid tumors of the
duodenum and stomach; it is also especially useful in
the identification of small tumors in the pancreatic head
and the localization of duodenal microcarcinoids (usu-
ally<1 cm), since these are often submucosal and
cannot be visualized with endoscopy alone. EUS has
an overall sensitivity of 80–85% and specificity of
approximately 95%, although the technique is substan-
tially user dependent (117).

8.2.2 Intraoperative Ultrasonography

IOUS is performed by the operating surgeon, often
with the assistance of an ultrasonographer. It has be-
come a technique of considerable utility, allowing the
surgeon not only to confirm the site of very small pan-
creatic or hepatic lesions but to identify multicentricity
and otherwise occult lesions that may be too small to
palpate.

8.2.3 Portal Venous Sampling

In the majority of cases this time-consuming, expensive,
and technically difficult procedure does not specifically
localize the tumor but provides only evidence of a region

of interest. In patients who have had previous surgery
and in whom a recurrence is suspected, the development
of post-surgical collateral vessels may complicate the
interpretation of such a study. This procedure is rarely
recommended and is indicated only in unusual circum-
stances.

8.2.4 Selective and Provocative Angiography

Selective angiography can provide a reasonable degree
of localization of lesions within the pancreas or liver.
Provocative angiography involves the injection of cal-
cium or pentagastrin into the hepatic, gastroduodenal,
superior mesenteric, and splenic arteries, while serial
blood samples from the hepatic and peripheral veins are
assayed for hormone levels (118). The invasive nature of
these procedures is not without risk, but in situations
which are otherwise difficult to resolve angiography
may be warranted.

Figure 4 Octreoscan scintigraphy is advantageous in that
one scan is capable of providing a whole-body image. Thus,
localization of primary disease and metastases can be

undertaken in a single study. (A) Anterior view of 111In-
pentetreotide scintigram demonstrates a solitary gastrinoma
just to the left of midline at the level of the inferior pole of the
left kidney. The presence of tracer in the liver, spleen,

kidneys, and urinary bladder is normal. (B) Multiple chest
metastases expressing SSTR2; the primary was an ileal
carcinoid. (C) Diffuse hepatic gastrinoma metastases in a

planar SPECT image.
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9 THERAPY OVERVIEW

9.1 Pharmacological Management

9.1.1 Cytotoxic Drugs

Medical management of the carcinoid tumor has
focused on cytotoxic drugs and pharmacological con-
trol of the bioactive products of the tumor. Several cy-
tostatic regimens have been utilized to treat patients
with carcinoid syndrome, and response rates of 20–40%
have been reported with the combination of streptozot-
ocin and doxorubicin in selected small groups of
patients. Used individually, these agents, as well as 5-
fluorouracil and cyclophosphamide, have been disap-
pointing (119). Etoposide may be more effective, either
alone or in combination with cisplatin (120). Overall,
chemotherapeutic responses have not proven durable.
In addition, the side effects of cytotoxic therapy often
outweigh its transient benefits. The low efficacy of these
chemotherapeutic drugs may be secondary to the low
proliferative rate of carcinoid tumors.

9.1.2 Recombinant Drug Therapy

Recombinant leukocyte a-interferon may be of some
use in the treatment of disseminated carcinoid tumors
and carcinoid syndrome (121), although it is associated
with significant toxic side effects in some individuals. It
can ameliorate flushing and diarrhea and may even in-
duce a degree of tumor regression in some patients
(122).

Initial trials with human leukocyte interferon ap-
peared promising (123). Nearly half of all patients dem-
onstrated a biochemical response, whereas an additive
effect was observed in patients who also underwent he-
patic arterial embolization (124). More recently, how-
ever, other investigators have reported that the effects of
a-interferon on midgut carcinoid tumors are transient
and accompanied by substantial side effects (125). The
loss of durability in the interferon responsemay relate to
the development of neutralizing antibodies (126). Pre-
liminary reports suggest that the combination of in-
terferon with octreotide is more advantageous than
monotherapy.

9.1.3 Somatostatin Analogues

The somatostatin analogue octreotide has enabled con-
trol of many of the symptoms of carcinoid syndrome.
Given its minimal side effects, the improvement in
quality of life has been highly significant and there is
evidence that a degree of arrest of tumor growth also

occurs in some patients (127). Octreotide has also been
found to be effective in the management of carcinoid
crisis, which is characterized by profound hypotension
and tachycardia often associated with mortality (128).

Carcinoid Syndrome. Although itspotential chemo-
therapeutic value has not yet been defined, octreotide is
clearly the most effective means of ameliorating carci-
noid syndrome. Its pharmacological activities are
diverse. Octreotide inhibits the release and synthesis of
bioactive agents from the carcinoid tumor (129) and
induces inhibitory G-proteins with action on the intra-
cellular signaling of amines and peptides. Octreotide
also possesses potent preabsorptive actions in the gas-
trointestinal tract, which may diminish the secretory
diarrhea of the carcinoid syndrome. Although Dharm-
sathaphorn et al. (130) reported as early as 1980 that
somatostatin inhibited carcinoid flushing and diarrhea,
the clinical application of this observation was limited
by the 1- to 2-minute biological half-life of native
somatostatin. The long-acting stable synthetic somato-
statin analogues octreotide (previously identified as
SMS 201-995) and RC-160 have eliminated this short-
coming. The octapeptide octreotide shares with native
somatostatin the Phe-Trp-Lys-Thr amino acid sequence
that confers biological activity but resists proteolysis
because the first and fourth of these amino acids have
been replaced by D-stereoisomeric forms. Octreotide
has a 90- to 120-minute half-life and may therefore be
used clinically by subcutaneous injection on a twice or
three times-daily schedule.

Carcinoid Crisis. Octreotide is also currently the
agent of choice for prophylaxis of the carcinoid crisis
(24). Patients with carcinoid tumors may exhibit pro-
found hypotension or bronchospasm on induction of
general anesthesia or manipulation of the tumor due to
release of bioactive agents from the lesion (33). Car-
cinoid crisis may also occur during the initiation of
chemotherapy, during arterial embolization, or during
fine needle biopsy of a liver metastasis (131). The
carcinoid crisis is probably elicited by stress-associated
endogenous catecholamines, which, in turn, stimulate
secretion of carcinoid tumor products (33). Pretreat-
ment with octreotide prevents these reactions and an-
tagonizes the effects of such products in established
crisis situations. Octreotide should be administered in
doses of 100–400 Ag subcutaneously before, during, and
after embolization, surgery, or other tumor manipula-
tion. Prior evaluation by pentagastrin provocation tests
may be used to document adequate protection against
provoked release of hormones (33). If somatostatin
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blockade has not been employed and a carcinoid crisis
occurs during tumor manipulation, 100 Ag of octreotide
should be injected intravenously.

Antitumor Activity. Laboratory observations have
stimulated interest in the use of somatostatin analogues
as antineoplastic agents. Somatostatin has been re-
ported to inhibit centromere separation stimulated by
epidermal growth factor, as well as DNA replication
and cell division (132). Octreotide has been shown to
inhibit the growth of human pancreatic cancer cells
implanted into nude mice (133). Such laboratory ob-
servations have paralleled occasional reports of tumor
arrest or shrinkage in patients with somatostatin recep-
tor–bearing pancreatic islet cell tumors and metastatic
carcinoids treated with somatostatin analogues (134).
However, antineoplastic clinical use of somatostatin
analogues must await larger clinical trials.

Dosing and Administration. Octreotide may be
administered initially at 100–200 Ag subcutaneously
twice daily and then increased as needed up to 1500
Ag/d in divided doses with minimal side effects. This
treatment regimen has been reported to decrease uri-
nary 5-HIAA concentrations and control diarrhea in
85%of patients (135). The carcinoid flush is also usually
moderated by this therapy, although bronchospasm
may be a more persistent problem. Delineation of the
effects of octreotide on the cardiac aspects of the car-
cinoid syndrome must await longer follow-up. More
recently, depot or long-acting repeatable (LAR) ana-
logues (136) have proven to be as clinically efficacious as
octreotide with the advantage of requiring onlymonthly
injection.

9.1.4 Receptor-Mediated Isotope Therapy

111Indium Pentetreotide. Radiolabeled somatosta-
tin analogues target neuroendocrine and other tumors,
such as carcinoid, which express high levels of type 2
somatostatin receptor (SSTR2). We have previously
reported 111In-pentetreotide scintigraphy to have a
sensitivity and specificity of 75% and 100%, respec-
tively, for the localization of gastroenteropancreatic
tumors (137).

Modlin et al. (137) have conducted a phase I/II trial
to evaluate the therapeutic safety of 111In-DTPA-
octreotide (111In-pentetreotide) in the treatment of
gastroenteropancreatic tumors (GEPT). Patients with
unresectable advanced malignancy, at least one tu-
mor bearing site documented by 111In-pentetreotide
uptake, and no further conventional therapeutic op-
tions were included. Four cycles of 111In-labeled pente-

treotide at one of three radiation dose levels were
administered to 39 patients, who were scrupulously
monitored for changes in hematological and renal func-
tion profile as well as evidence of disease progression.
Follow-up included frequent phlebotomy, follow-up
octreotide scintigraphy, and biannual computed tomog-
raphy.

A majority of the 39 patients enrolled in this ther-
apeutic safety trial experienced only mild or moderate
side effects, including transient myelosusppression. One
patient developed transient acute renal tubular necrosis
but successfully underwent six cycles of radiotherapy
without developing renal failure. Of evaluable patients
with gastroenteropancreatic disease, 77% demonstra-
ted radiographic stability or modest improvement of
disease, 80% had stable or improved symptoms, and
56% experienced stability or a notable decrease in at
least one measured tumor hormone marker over the
course of therapy. The hematological and renal safety as
well as the therapeutic efficacy of radiolabeled pente-
treotide at divided doses of only 300 mCi suggest that
higher doses of this agent, or perhaps other higher-
energy emitters, could be used safely for the treatment of
otherwise untreatable neuroendocrine tumors.

Alternative Isotopes. A further consideration is the
development of alternative isotopes with different
radioemission profiles which may confer improved
tumoricidal effect. The use of isotopes with potentially
superior therapeutic properties such as yttrium (138) or
lutetium (139) is currently under study, and preliminary
results are promising. It is likely that intravenous iso-
topic therapy may become a major therapeutic strategy
in dealing with metastatic carcinoid disease. The use of
pentetreotide labeled with 90yttrium, which emits
higher-energy h-particles and has greater tissue pene-
tration than that of 111indium (140,141), may poten-
tially lead to a higher delivery of radiation to a larger
part of a tumor expressing SSTR2. Trials with this agent
have been conducted in xenografts (142) and have
recently have been initiated in humans. Similarly, it
may also be possible to link more than one isotope to
the receptor ligand and thus target the tumor with a
cocktail of isotopes with varying tissue penetrations.

9.2 Surgery

Although the introduction of octreotide has proven to
be a major advance in the clinical management of the
carcinoid syndrome, surgery remains the most effective
treatment for both local tumor effects and symptoms
caused by the secretory agents. The precise surgical
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management depends on the localization and size of the
lesion.

Site-specific guidelines for surgical therapy of carci-
noid tumors throughout the gut are outlined above. In
general, treatment consists of radical surgical excision
of the tumor, although gastric (type I and II) and rectal
carcinoids (and possibly duodenal carcinoids) may be
managed with local excision. Overall 5-year survival is
excellent for carcinoids of the appendix (81%) and rec-
tum (82%), whereas small intestinal (55%), gastric
(58%), and colonic carcinoids (60%) exhibit a far worse
prognosis (Fig. 5). Five-year survival for gallbladder
(41%) and pancreatic (36%) carcinoids is even more
dismal (14).

9.2.1 Nonmetastatic Disease

The management of nonmetastatic carcinoid tumors is
reasonably well accepted. Lesions in the ileum or right
colon should be resected en bloc with regional mesen-
teric lymph node drainage. Tumors in the appendix<1
cm in diameter are unlikely to be metastatic and may be
treated by simple appendectomy. Tumors z2 cm are
associated with a high incidence of regional spread and
should be resected by formal right hemicolectomy (67).
Patients with nonmetastatic carcinoid tumors in the
second part of the duodenum have a better prognosis
than those with similarly located duodenal adenocarci-

nomas and are therefore excellent candidates for pan-
creaticoduodenal resection if the patient’s medical
status is not a contraindication.

9.2.2 Metastatic Disease

Palliative (Cytoreductive) Surgery. As a result of
broader biochemical testing and improved diagnosis of
the syndrome, substantial numbers of metastatic carci-
noid tumors are identifiedwithout evidence of a primary
tumor. Although a thorough search should be made for
the primary tumor in patients with hepatic metastases,
the course of the disease is generally dominated by the
hepatic tumor burden. An undiscovered primary tumor
is not likely to later become clinically significant, al-
though occasionally lesions in the ileum may bleed, ob-
struct, or perforate (143).

Patients with carcinoid syndrome from hepatic me-
tastases have a particularly poor quality of life, and
surgical resection of tumor foci may reduce associated
symptoms and improve survival. Aggressive interven-
tional cytoreduction by hepatic resection or induced
hepatic ischemia has therefore been proposed to de-
crease the hepatic tumor burden and palliate carcinoid
symptoms (144). Cryosurgical debulking of hepatic
carcinoid metastases has been described for palliation
of carcinoid syndrome, but its efficacy awaits rigorous
evaluation. Similarly, the use of high-energy radiofre-
quency probes has achieved some popularity. Both
modalities require formal evaluation, and each has
limitations in terms of damage to bile ducts and
vessels.

Although as few as 10–25% of patients with hepatic
metastases from carcinoid may be curable by conven-
tional hepatic resection (145), anecdotal experience has
suggested that debulking hepatic metastases may sub-
stantially palliate systemic symptoms of carcinoid or
other endocrine tumors (146). Palliative resection may
be considered when 90% of the tumor can be safely
extirpated. McEntee et al. (147) reviewed their experi-
ence with aggressive cytoreductive hepatic resection in
37 patients, 24 of whom had carcinoid tumors with the
remainder having islet cell tumors. Although significant
palliation was achieved inmost patients, the duration of
palliation was short and a relatively high morbidity was
encountered. Thus, although effective palliation may be
achieved by aggressive cytoreductive partial hepatec-
tomy, the benefits may be brief and the morbidity
substantial.

Transplantation. Hepatic transplantation is cur-
rently undertaken in some centers provided that the
patients are good surgical risks and have carcinoid me-

Figure 5 Overall 5-year survival rates of 10,878 carcinoid
tumors by site. (From Ref. 44.)
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tastases that appear curable only by total hepatectomy
(148). This management option is potentially attractive
since it offers cure rather than palliation to patients
with these slowly growing tumors. However, although
early results are promising, more data are needed
before total hepatectomy can be advocated on a gen-
eral basis (149).

9.2.3 Emergent Surgery

Carcinoid tumors may infrequently present with mas-
sive gastrointestinal bleeding, intussusception, and
bowel obstruction from tumor or fibrosis (150). Mes-
enteric ischemia caused by fibrotic obstruction of the
mesenteric vasculature (151) or retroperitoneal fibrosis
(152) is sometimes identified. In each case, the primary
intervention should be directed to the emergency that
has required celiotomy. Since such patients are often
acutely ill and unstable, it may be wise in emergency
settings to defer definitive or extensive carcinoid tumor
surgery until a second procedure. Arterial embolization
may serve a role in patients for whom an open procedure
may be too dangerous (153).

9.3 Minimally Invasive Intervention

Induced hepatic ischemia may achieve the palliative
benefits of hepatic cytoreduction without its shortcom-
ings. Ischemic treatment of carcinoid tumors of the liver
is possible because these tumors are primarily supplied
by the hepatic artery. Hepatic parenchyma can remain
viable via portal vein perfusion despite hepatic arterial
occlusion (154). Ischemia may be achieved by hepatic
artery ligation, temporary occlusion, or embolization
(Fig. 6). These methods differ in completeness, distri-
bution, and duration of ischemia. In addition, surgical
ligation has the disadvantage of preventing future
angiographic access to the hepatic arterial tree for
repeated induction of hepatic ischemia. Selective embo-
lizations of hepatic artery branches cause complete but
temporary ischemia by filling the distal arterial tree with
embolization material.

Several centers have achieved satisfactory palliation
of the midgut carcinoid syndrome by embolization and
have reported parallel biochemical evidence of tumor
necrosis (145,155,156). For instance, induced ischemia
of hepatic lesions leads to a marked decrease in urinary
excretion of 5-HIAA for at least 72 hours after embo-
lization (145). Embolization has a high success rate in
properly prepared and selected patients in centers that
have accrued substantial experience with this proce-
dure. In a Swedish series (145), one third of the patients

who underwent bilateral embolizations showed bio-
chemical normalization of tumor markers accompanied
by a marked regression of the tumor. During a 5-year
follow-up period, less than 10% of patients required
repeat embolizations due to recurrence of symptoms.
The use of embolization with associated cytotoxic
agents (chemoembolization) has been studied but has
yet to yield any significant advantages. However, he-
patic artery embolization combined with sequential
chemotherapy has been slightly more encouraging, with
one trial documenting a reduction of tumor size in 78%
of patients (157).

Figure 6 (A) Abdominal CT images of a 68-year-old patient

with diffuse hepatic carcinoid metastases evident on preop-
erative scan. (B) Significant tumor regression is seen 3 years
following open cytoreductive therapy, hepatic arterial emboli-

zation, and octreotide therapy. Note the dramatic reduction
in hepatic left lateral segment size. (From Ref. 13.)
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Side effects of embolization may include transient
nausea, emesis, fever, and abdominal pain. Occasional
paroxysmal episodes or major fluid shifts and al-
terations in cardiopulmonary function can be safely
controlled by administration of octreotide. Although
collateralization of the tumor arterial supply may
cause recurrence of symptoms after either embo-
lization or operative ligation, embolization may be
repeated even in patients who are unable to tolerate
a surgical procedure. Appropriate pharmacological
preparation is essential to maximize the safety of such
maneuvers.

It should be emphasized that hepatic embolization
performed after carcinoid metastasis is already well es-
tablished may result in little improvement in actual pa-
tient survival despite symptomatic palliation, although
Mitty et al. (156) reported a 2-year increase in survival in
18 patients compared with historical controls. Earlier
and repeated embolization with improved techniques
that allow more distal and selective permanent emboli-
zation will probably result in better survival figures in
the future (145). However, in patients in whom a cu-
rative resection is potentially achievable by unilobar
hepatectomy, this should be attempted rather than a
palliative embolization provided the medical condition
of the patient permits.

10 TREATMENT ALGORITHM

A logical plan of management is likely to optimize the
outcome for most patients. The choice among various
treatment modalities for carcinoid disease must be in-
dividualized for each patient and reflect the experience
of the team of physicians involved.

On initial suspicion of the carcinoid syndrome,
patients should undergo a biochemical, radiological,
and endoscopic workup designed to characterize the
humoral output of the tumor and define its anatomical
location(s) (Fig. 7). Although usually serotonin and 5-
HIAA output are conventionally measured at this time,
in clinical practice it is apparent that plasma chromog-
ranin is currently the most effective screening tool.
Assessment of the production of other bioactive pep-
tides and amines is likely to become important as an-
tagonists for other bioactive substances such as
tachykinins and growth factors are developed.

The next step is delineation of the tumor site and
identification of metastases. The best overall study is the
octreotide scan, although other modalities such as CAT
scan may be useful adjuncts in more complex circum-
stances.

After detailed evaluation and tumor localization,
celiotomy should be performed under octreotide block-
ade. The entire primary tumor is resected, if possible. If
this is not feasible, then biopsy is performed for diag-
nosis and as much of the tumor as possible is debulked.
Intestinal tumors are generally extirpated by anatomical
en bloc resection unless they are<1 cm in size. Mesen-
teric nodes are excised en bloc, and aortic lymph nodes
in the area of drainage are removed. Cholecystectomy
prevents gallbladder ischemia after future hepatic
embolization and protects against the possible sequelae
of sludging and cholecystitis if long-term octreotide
therapy is employed. Superficial liver lesions should be
removed by wedge excision if feasible. Major anatom-
ical hepatic resections should ideally not be undertaken
at the time of intestinal surgery.

One month after surgery, repeat clinical, biochem-
ical, and topographic staging should be undertaken. If
evidence of residual disease remains, the patient’s tumor
should be restaged. Patients demonstrated to have uni-
lobar hepatic disease who represent good surgical risks
should be considered for hepatic resection 3–6 months
after the original procedure. Patients with bilobar hep-
atic disease and patients who cannot tolerate hepatic
resection should undergo hepatic embolization. In
either case, the invasive procedure should be performed
during somatostatin blockade, as outlined above.

All patients are followed closely, with serial plasma
chromogranin or urinary 5-HIAA levels (if the chro-
mogranin assay is not available) at 3-month intervals.
Octreotide scintigraphy and abdominal CT should be
obtained every 6 months for the first 2 years. Patients
who develop new clinical, biochemical, or anatomical
evidence of tumor recurrence or renewed hormonal
symptoms should be restaged and managed accord-
ingly. Typically, this includes re-embolization and con-
tinued or escalating the octreotide therapy. Patients
with anatomical evidence of recurrence should, in addi-
tion, undergo biochemical testing to verify that the
recurrent tumor is truly a carcinoid and not a second
primary adenocarcinoma. Trophic factors secreted by
the carcinoid may predispose such patients to a second
neoplasm (158).

Patients with any evidence of residual disease or
symptomatology should be placed on high-dose LAR
octreotide; such therapy will remove or ameliorate any
symptoms. There is also reasonable evidence to indicate
that high-dose octreotide is capable of stabilizing tumor
growth in up to 50% of patients with neuroendocrine
tumor disease (159). Given its relatively low adverse
effect profile, depot injection of this agent appears to be
a reasonable stategy.
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Figure 7 A diagnostic and therapeutic algorithm for the management of suspected carcinoid disease. Positive biochemical
markers warrant scintigraphic imaging. The identification of a primary lesion should be pursued if not evident on the initial

Octreoscan. Diffuse and otherwise inoperable metastases may be addressed with intravenous receptor-based isotopic therapy,
traditional cytotoxic regimens, or biological modifiers such as interferon or LAR octreotide.
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11 CONCLUSIONS

Carcinoid tumors of the gastrointestinal tract are rel-
atively rare compared to their carcinomatous count-
erparts. Nevertheless, these tumors may display an
aggressive biology, especially if located in the colon,
stomach, or small intestine. Vague and nonspecific signs
and symptoms often obviate an early and accurate
diagnosis; the well-known classical carcinoid syndrome
is evident less often than commonly imagined. Overall,
the life expectancy of patients with carcinoid tumors is
excellent compared to those with adenocarcinoma;
hence, they represent an eminently treatable form of
neoplasia. Furthermore, since their symptomatology is
controllable using LAR octreotide, the quality of life of
these patients, if appropriately managed, may approx-
imate that of healthy or disease-free individuals for
many years.
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97. Läuffer JM, Baer HU, Maurer CA, Stoupis C, Zim-

merman A, Buchler MW. Biliary cystadenocarcinoma

of the liver: the need for complete resection. Eur J Can-
cer 1998; 34:1845–1851.

98. Porter A, Ostrowski M. Successful treatment of ma-

lignant carcinoid tumor with intravenous cisplatinum.
Eur J Surg Oncol 1988; 14:703–704.
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1 INTRODUCTION

Second to the brain, the gastroenteropancreatic system
provides the richest source of regulatory peptides orig-
inating from the cells of the diffuse neuroendocrine
system (1). Tumors of these cells result in varied condi-
tions such as gastric carcinoid, islet cell tumors, and
duodenal paragangliomas. We refer the reader to Chs.
47 and 51 for a more detailed exposition of pancre-
atic neuroendocrine tumors and for gastrointestinal
carcinoids.

2 WORLDWIDE INCIDENCE

The clinical incidence of gastrointestinal neuroendo-
crine tumors is between 0.3–0.7/100,000, although the
incidence at postmortem is 2/100,000 (2,3). More than
50% of neuroendocrine tumors in clinical practice
are of the ‘‘carcinoid’’ type occurring mostly in the
extrapancreatic gastrointestinal tract and lung. The
remaining neuroendocrine tumors are mostly pancre-
atic and include insulinomas, gastrinomas, VIPomas,
and glucagonomas. These pancreatic neuroendocrine
tumors have been detected at a rate of 0.3–1.6% of un-
selected autopsies in which only a few sections of pan-
creas were examined and in up to 10% of autopsies in
which the whole pancreas was systematically investi-
gated (4).

3 RISK FACTORS—ENVIRONMENTAL

AND GENETIC

Gastroenteropancreatic endocrine tumors occur both
sporadically and as part of the autosomal dominant
multiple endocrine neoplasia type 1 (MEN1) syndrome.
TheMEN1 gene, which encodes a protein of 610 amino
acids (menin), is located on chromosome 11q13 and is
believed to function as a tumor suppressor (5). In a
series of 34 sporadic pancreatic endocrine tumors,
mutations in the MEN1 gene were found in 12 (34%)
(6). Native menin has been shown to bind to JunD, an
activator protein-1 (AP-1) transcription factor, inhibit-
ing JunD’s activation of transcription (7). Furthermore,
menin represses p65-mediated transcriptional activa-
tion onNF-nB sites (8). These observations suggest that
menin’s ability to interact with NF-nB proteins and its
modulation of NF-nB transactivation contribute to
menin’s tumor suppressor function.

4 DEMOGRAPHICS—GENDER, AGE,

RACE, OR ETHNIC ORIGIN

Male-to-female ratio varies with the different series, but
in a large American series of patients with carcinoid,
the male-to-female ratio varied from 0.47 to 0.66,
depending on the primary site (9). When carcinoid
tumor occurs as part of the MEN1 syndrome, it occurs
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in the thymus in more than two thirds of men, whereas
in more than 75% of women it occurs in the lung. The
median age of patients with carcinoid is 55 in those with
symptoms and 52 in those without. There seems to be a
higher age-adjusted incidence rate in the African Amer-
ican male population (2.12/100,000 population per
year) (9).

5 PHYSIOLOGY

Themyriad of regulatory peptides originating from cells
in the gastroenteropancreatic system are involved in
endocrine, paracrine, and autocrine communication as
well as neurocrine, where the peptides act as neuro-
transmitters and neuromodulators (1,10–12). Indeed,
there may be many more peptides we have not yet
discovered. Figure 1 illustrates the complexity of the
cell-to-cell communication in the gastrointestinal tract,
and Table 1 demonstrates the plethora of gut hormones
and peptides (13,14).

6 CLINICAL FEATURES—CLASSIC AND

SUBTLE PHENOTYPIC EXPRESSIONS

Gastroenteropancreatic neuroendocrine tumors can be
divided into functioning and non-functioning tumors.
The ‘‘functioning’’ tumors release detectable peptide
hormones into the circulation and are usually associated

with defined syndromes. These tumors may release sev-
eral peptides, only some of which may produce symp-
toms. Similarly it is not uncommon for a tumor that
originally secreted one peptide to undergo dedifferen-
tiation and subsequently co-secrete other peptides. The
tumors are slow growing, and, in the case of functioning
tumors, the symptoms are usually due to the secreted
peptides rather than tumor bulk. Moreover, there may
be several years (average 7.5) between the onset of symp-
toms and final diagnosis with neuroendocrine tumors
of the small intestine (15). With the exception of car-
cinoid tumors, which occur more frequently outside
the pancreas, gastroenteropancreatic neuroendocrine
tumors occur mostly in the pancreas (see Table 2) (13,
16–19).

Carcinoid is the term used to describe tumors derived
from serotonin-producing enterochromaffin (EC, or
Kulchitsky’s) cells, but there is a spectrum of different
syndromes depending on which cell and which hormone
or hormones are produced. Some authors feel the term
carcinoid to be archaic because of this wide spectrum
(20). The classical carcinoid syndrome of flushing, hypo-
tension, diarrhea, wheezing, and heart disease occurs in
fewer than 10% of patients with carcinoid. Of more
than 600 patients reported with carcinoid syndrome,
93–94% had raised serotonin levels, whereas only 25–
30% of the more than 7000 patients without the syn-
drome had raised levels (21). High serotonin levels seem
to predict the development of carcinoid heart disease.
Tumors deriving from the gastric histamine-secreting
enterochromaffin-like (ECL) cells produce an ‘‘atypi-
cal’’ carcinoid syndrome. These ECL cells contain low
serotonin but often secrete the serotonin precursor 5-
hydroxytryptophan (5-HTP). The flushing produced by
these foregut carcinoids is often more intense, with a
purplish hue and protracted duration; it is also more
extensive, involving the limbs as well as the upper trunk,
and frequently followed by telangiectasia (21).

Carcinoid most frequently occurs in the gut (73.7%)
followed by lung (25.1%); within the gut, the frequen-
cies are small bowel (28.9%), appendix (18.9%), and
rectum (12.6%) (9). Fewer than 1% of all carcinoids
occur in the ovary, pancreas, liver, and gallbladder.
Predisposition to metastatic spread depends on loca-
tion and size (9,14). Table 3 summarizes the relation-
ship between site, metastatic potential, and 5-year
survival (9).

It is accepted that the tumors termed ‘‘nonfunction-
ing’’ may actually produce a hormone or peptide that
we cannot detect given current techniques. These non-
functioning tumors tend to be more aggressive and
present with symptoms of tumor bulk (22).

Figure 1 Cell-to-cell communication in the gastrointestinal
tract. Open-type endocrine cells are sensitive to luminal
contents, while closed-type cells mostly respond to stretch.

Cells may secrete hormones into the blood to influence
distant targets (endocrine, E), to stimulate neighboring cells
(paracrine, P), or to control their own secretions (autocrine,

A). They may also modulate or be stimulated by local
neurons (neurocrine, N). (Adapted from Ref. 13.)
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Table 1 Gastrointestinal Regulatory Hormones

Hormone Location in gut Cell of origin

Gastrin-cholecystokinin family
Gastrin Gastric antrum G-cell

Cholecystokinin (CCK) Duodenum I-cell
Growth factors
Transforming growth factor-a
(TGF-a)

Gastric fundus Enterochromaffin-like cell (ECL)

Insulin-like growth factor-a
(IGF-1)

Gastric fundus Enterochromaffin-like cell (ECL)

Insulin Pancreas h-cell
Pancreatic polypeptide family
Pancreatic polypeptide (PP) Pancreas, colon F-cell
Peptide YY (PYY) Ileum, colon, pancreas L-cell

Neuropeptide Y (NPY) Throughout gut Myenteric and submucosal neurons
Secretin-glucagon family
Secretin Duodenum, jejunum S-cell

Proglucagon-derived peptides,
Pancreas

Pancreas a-cell

Glucagon
Glucagon-like peptide-1 (GLP-1)

Glucagon-like peptide-2 (GLP-2) Ileum L-cell
Proglucagon-derived peptides,
intestine

GLP-1(7-36)amide
GLP-2
Oxyntomodulin Duodenum, jejunum

(ileum, colon)

K-cell

Glicentin Intrinsic neural elements
Gastric inhibitory peptide (GIP) Throughout gut and pancreas

Vasoactive intestinal polypeptide and
related peptides
Vasoactive intestinal polypeptide
(VIP)

Peptide histidine isoleucine (PHI)
Peptide histidine methionine (PHM)
Pituitary adenylate cyclase-activating

peptide (PACAP)
Growth hormone-releasing factor
(GRF)

Tachykinin family
Neurokinin A Throughout gut Intrinsic and extrinsic afferent nerves
Neurokinin B Throughout gut Intrinsic and extrinsic afferent nerves
Substance P Throughout gut Intrinsic and extrinsic afferent nerves

Enterochromaffin-I cell
Neurotensin and related peptides
Neurotensin (NT) Ileum, jejunum, duodenum N-cells, enteric neurones

Neuromedin N
Xenopsin
Xenin

Bombesin and related peptides
Bombesin Throughout gut Enteric nerves
Gastrin-releasing peptide (GRP) Throughout gut Enteric nerves

Neuromedin B Throughout gut Enteric nerves
Neuromedin C Throughout gut Enteric nerves

(continued on next page)
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7 BIOCHEMICAL MARKERS FOR

FUNCTIONING TUMORS

As discussed above, neuroendocrine tumors secrete
many peptide hormones and amines (see Table 1). Bio-
chemical markers for neuroendocrine tumors can be
divided into general and specific markers. General neu-
roendocrine tumor markers include chromogranins,
pancreatic polypeptide, and HCG subunits. Chromog-
ranin A (CgA) derives its name from its original dis-
covery in the catecholamine-containing chromaffin
granules of the adrenal medulla (23) and is located
alongside specific hormones in large dense-core vesicles
of neuronal and neuroendocrine cells. Chromogranin B
(CgB), another secretory granule protein, is also widely
distributed in neuroendocrine cells, although CgA
seems to be present in some cells that do not express
CgB (24). CgA-positive tumors by immunocytochemis-
try include anterior pituitary, parathyroid, medullary
thyroid, gastroenteropancreatic, ectopic ACTH, gan-
glioneuromas, neuroblastomas, pheochromocytoma,

small-cell lung, and prostate tumors. The exceptions
are the prolactin-producing cells of the pituitary and
some pancreatic h-cell tumors, which show positive
staining for CgB. Other general stains for neuroendo-
crine tumors include neuron-specific enolase (NSE),
pancreatic polypeptide, and peptide histidine-methio-
nine (25–27).

Plasma CgA is elevated in 94% and pancreatic poly-
peptide in 74% of endocrine pancreatic tumors (28). In
a study with patients with malignant carcinoid and
gastroenteropancreatic tumors, CgA was elevated in
99%, CgB in 88%, CgC (secretogranin II) in 6%, and
pancreastatin in 46% (29). The highest levels of plasma
CgA are seen in metastatic carcinoid (particularly
midgut), whereas plasma CgB is usually a better marker
for benign insulin-producing tumors. A fragment of
CgB termed GAWK (CgB-420-493) is a 74-amino-acid
peptide originally isolated from human pituitaries, and
high plasma concentrations are found in various neu-
roendocrine tumors including pancreatic, pheochromo-
cytoma, medullary carcinoma of the thyroid, and

Hormone Location in gut Cell of origin

Calcitonin gene–related peptides

Calcitonin gene–related peptide
(CGRP)

Throughout gut

Calcitonin

Adrenomedullin
Amylin Enteric nerves
Somatostatin Gastric and duodenal epithelia D-cell

Throughout gut and pancreas Extrinsic and intrinsic neurons of
intestinal myenteric and
submucosal plexuses

Motilin Small intestine Open-type M-cell

Galanin Throughout gut and pancreas Enteric neurones
Chromogranins and secretogranins Throughout gut and pancreas Dense vesicles of secretory granules
Chromogranin A (CgA)

Chromogranin B (CgB)
GAWK (CgB 420–493)
Secretogranin II (SgII)

Opioid peptides Colon Enterochromaffin-I cell
Cocaine and amphetamine-regulated
transcript (CART)

Throughout the gut Enteric neurons

Neuromedin U Throughout the gut Enteric neurons
Nonpeptides
Histamine Gastric fundus Enterochromaffin-like cell (ECL)
Serotonin Duodenum Enterochromaffin cell

Colon Enterochromaffin-I cell,
Enterochromaffin-N cell

Other gut hormones include PTHrP, ghrelin, endothelin-1, trefoil peptides, guanylin, and uroguanylin.

Source: Adapted from Refs. 13, 14.

Table 1 Continued.
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Table 2 Tumor Syndromes of Gastrointestinal Neuroendocrine Tumors

Tumor type

Frequency

of pancreatic
NET tumors (%)

Malignancy
(%) Tumor location % with MEN1 Syndrome

Insulinoma 70–75 <10 Pancreas >99% 4–5 Hypoglycemia
Weight gain

Gastrinoma 20–25 >50 Duodenum 70%
Pancreas 25%

20–25 Abdominal pain
Diarrhea
Peptic ulceration

VIPoma 3–5 >50 Pancreas 90% 6 Secretory diarrhea
Hypokalemia
Achlorhydria

Metabolic acidosis
Flushing

Glucagonoma 1–2 >70 Pancreas 100% 1–20 Necrolytic migratory
erythema

Diabetes
Cachexia
Thromboembolic

disease
PPoma <1 >60 Pancreas 100% 18–44 Pain

Weight loss

Diarrhea
Somatostatinoma <1 >50 Pancreas 55%

Duodenum

Jejunum 44%

45 Steatorrhea
Diabetes

Gallstones
Weight loss

Carcinoid <1 mostly
extrapancreatic

90 Midgut 75–87% Rare Classical carcinoid:

Foregut 2–33% Flushing
Hindgut 1–8% Diarrhea
Unknown 2–15% Wheeze

Cardiac fibrosis
Pellagra dermatosis

ACTHoma

CRFoma

<1 >99 Pancreas 4–14%

(of all ectopic ACTH)

Rare Cushing’s syndrome

Pigmentation
PTHrPoma <1 >99 Pancreas Rare Hypercalcemia

Nephrolithiasis
Nephrocalcinosis
Osteoporosis

Calcitoninoma <1 >80 Pancreas 16 Diarrhea, flushing

GRFoma <1 50 Pancreas 30% 16 Acromegaly
Lung 54%
Jejunum 7%

Nonfunctioning <1 >80 Pancreas+
gastrointestinal tract

18–44 Symptoms of
tumor bulk

Weight loss

Source: Adapted from Refs. 13, 16, 19.
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ACTH-producing lung tumors. High levels are seen
with pancreatic endocrine tumors, making GAWK a
useful tumor marker (30). In another study, elevated
pancreastatin was found in 33%, whereas GAWK was
elevated in 50% of patients with pancreatic neuroendo-
crine tumors (31).

Some tumors secrete multiple hormones (32), and as
many as 62% have elevated gastrin despite only 30%
presenting with peptic ulceration. Specific markers for
carcinoid include urinary 5HIAA, neuropeptide K,
substance P, or other tachykinins. Urinary 5HIAA and
neuropeptide K show high sensitivity in midgut carci-
noid, with lower sensitivity in foregut and hindgut car-
cinoid (33). For other neuroendocrine tumors, specific
fasting hormones such as gastrin, glucagon, pancreatic
polypeptide, somatostatin, neurotensin, and VIP (vaso-
active intestinal polypeptide) can be measured. An ele-
vated gastrin after withdrawal of proton pump inhibi-
tors for at least 2 weeks and of H2-blockers for at least 3
days is not specific to gastrinoma, and other causes need
to be excluded such as atrophic gastritis, hypercalcemia,
and renal impairment. Basal gastric acid output studies
are often required to distinguish primary from second-
ary hypergastrinemia, where spontaneous basal acid
(proton) outputs of 20–25 mmol/hr are almost diagnos-
tic and>10mmol/hr suspicious. Should there be equiv-
ocal results of basal acid output and fasting gastrin or
difficulty stopping pharmacological treatment for the
gastrin assay, for example, in case of occurrence of se-
vere symptoms or strong risk of perforation, then the
intravenous secretin test is indicated. Whereas a normal
response to intravenous secretin is a fall in serum gas-
trin, a rise of more than 200 pg/mL (100 pmol/L) of-
fers a sensitivity of 85% for the presence of gastrinoma
(34).

With regards to the diagnosis of insulinoma, insulin
and C-peptide levels need to be interpreted in the pres-
ence of hypoglycemia, and a 3-day fast may be required

to achieve this (see below). Other hormones such as
PTHrP for the diagnosis of a PTHrPoma can be mea-
sured in the non-fasting state.

8 BIOCHEMICAL ASSAYS—BASAL,

PROVOCATIVE, SUPPRESSIVE

If a diagnosis of carcinoid is suspected and urinary
baseline fasting hormones are normal, the pentagastrin
test with measurements of plasma tachykinins is quite
sensitive (35). In the case of gastrinoma, the secretin test
with gastrin measurements has a sensitivity of 80–85%
(34,36). The diagnosis of insulinoma requires the meas-
urement of insulin and C-peptide in the presence of
hypoglycemia (glucose at or below 2.2 mmol/L). A 3-
day fast may be required to achieve this allowing free
access to noncaloric fluids. By 24 hours, 66% of insu-
linomas develop hypoglycemia and by 48 hours, >95%
of insulinomas can be diagnosed (37). If hypoglycemia is
achieved, simultaneous plasma and urine samples need
to be taken for sulfhonylurea analysis to exclude drug-
induced hypoglycemia.

9 LOCALIZATION BY IMAGING—

NONINVASIVE, INVASIVE,

SELECTIVE SAMPLING

In 1998 and 1999 a Delphi consensus was performed to
establish guidelines for standardized diagnostic imaging
of neuroendocrine tumors (38). With the exception of
insulinomas, functional and nonfunctional tumors of
the pancreas are detectable with somatostatin-receptor
scintigraphy (SRS) with a sensitivity of up to 90% and
specificity of 80% (39–41). Insulinomas rarely express
somatostatin receptors, thereby limiting the sensitivity
of SRS to 10–50% (42). However, there is increasing
agreement that malignant insulinomas express somato-

Table 3 Carcinoid Tumors—Relation Between Site, Metastatic Potential, and 5-Year Survival

Site
% of all
carcinoids

Regional
metastases

Distant
metastases

5-year survival

with no
metastases

5-year survival

with regional
metastases

5-year survival

with distant
metastases

Small intestine 28 39% 31% 65% 66% 36%
Appendix 19 27% 9% 94% 85% 34%

Colon 8 33% 38% 71% 44% 21%
Rectum 13 7% 7% 81% 47% 18%
Stomach 3 10% 21% 64% 40% 10%

Source: Data from Ref. 9.
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statin receptors, and SRS is recommended for staging of
confirmed or suspected malignant disease.

In the case of noncarcinoid neuroendocrine tumors,
the pancreas is the main source of the primary lesion.
Pancreatic surgery is difficult, and the surgeon needs as
much information about location of the lesion as pos-
sible. The pancreas is best visualized with a dedicated
pancreatic and abdominal CT and,more recently, endo-
scopic ultrasonography (EUS). Several studies have
shown that EUS has a sensitivity of 80–90% for imaging
pancreatic neuroendocrine tumors (43–47), whereas
extrapancreatic tumors could be detected with lower
sensitivities (48–50). In one series, EUS showed the
highest sensitivity in localizing insulinomas (94%) com-
pared with SRS (12%), transabdominal ultrasound
(12%), CT (29%), and MRI (13%) (47). Furthermore,
EUS showed the highest accuracy in detecting pan-
creatic gastrinomas, but failed to detect 50% of
extrapancreatic gastrinomas. In nonfunctioning neuro-
endocrine pancreatic tumors, EUS provided the best
information regarding local invasion and regional
lymph node involvement. The smallest lesion visualized
was a 5 mm tumor in the pancreatic head.

As one can appreciate, the localization of very small
pancreatic gastrinomas and insulinomas is often diffi-
cult even with endoscopic ultrasound, and at this
institution we find that selective angiography with
secretagogue injection into the main pancreatic arteries
invaluable. The main pancreatic arteries, gastroduode-
nal, superior mesenteric, inferior pancreaticoduodenal,
and splenic, are cannulated separately, and the images
are analyzed carefully for the presence of a vascular
blush. Gastrinomas can be stimulated with intra-arte-
rial secretin or calcium, and insulinomas with intra-
arterial calcium. The chosen secretagogue (secretin or
calcium) is then injected into each of the arteries in-
dividually and venous samples are collected from the
hepatic vein. Normally there should be a fall in gastrin
and insulin levels with the secretagogue. In the pres-
ence of a gastrinoma or insulinoma, gastrin and insulin
levels (respectively) at least double after 30 seconds of
the injection (51–55). This offers the surgeon important
information on which artery supplies the tumor and if
more than one lesion is present. With MEN1 there may
coexist an insulinoma and a gastrinoma in the same
patient, and this technique can differentiate between
the two when both insulin and gastrin levels are
checked. Tumors smaller than 0.5 cm have been local-
ized by this technique. Finally, it is crucial to know if
hepatic metastases are present prior to resection of the
pancreatic primary, since this would alter management.
A key strength of selective angiography with intra-

arterial injection is that the hepatic artery can also be
cannulated and injected with secretagogue. Small liver
metastases can be confidently excluded if there is no
rise in gastrin or insulin after injection into the hepatic
artery. Indeed, calcium stimulation can be used to
detect most neuroendocrine tumors of the pancreas,
since in the presence of a tumor the calcium acts as
a secretagogue and different hormone levels can be
checked.

If a diagnosis of carcinoid has been made (e.g., with
carcinoid syndrome symptoms or incidental tumor
found on chest x-ray– and histology-confirmed carci-
noid), SRS imaging is often helpful as the first imaging
modality in localization. A fine-cut CT scan can then be
performed in the region of uptake in the scintigraphy. If
the SRS suggests bowel as the source of the carcinoid,
then endoscopy (upper or lower depending on the site) is
indicated. In the presence of a negative SRS, CT thorax
and abdomen are recommended.

Another imagingmodality available with carcinoid is
positron emission tomography (PET) where the seroto-
nin precursor 5-hydroxytryptophan (5-HTP) labeled
with 11C is used instead of 18F-labeled deoxyglucose
(FDG) (56). This showed increased uptake and irrever-
sible trapping of tracer in carcinoid tumors. The uptake
was selective and the resolution so high that more liver
and lymph node metastases could be detected with PET
than with CT, MRI, or SRS. During follow-up, there
was a >95% correlation between changes in urinary
5HIAA and changes in the transport rate constant for 5-
HTP tracer in PET. Several other tracers have been
investigated, such as the monoamine oxidase inhibitor
harmine, with promising results in nonfunctioning neu-
roendocrine tumors.

Other localization procedures for pancreatic tumors
include the use of intraoperative ultrasound, and this
seems to provide additional valuable information to the
surgeon. More recently, radioguided surgery has been
applied to the field of gastroenteropancreatic tumors.
Intraoperative gamma probes are able to detect accu-
mulation of the tracer (111In DTPA-D-Phe1)-pentetreo-
tide more efficiently (>90%) than somatostatin
receptor scintigraphy (68–77%), including lesions <5
mm in size. Furthermore, radio-guided surgery identi-
fied 57% more lesions than the ‘‘palpating finger (57).’’

Very few gastroenteropancreatic tumors are positive
onMIBG scanning. This is because they derive from an
endodermal origin, not neuroectoderm, and catechol-
amine-synthesizing machinery is rarely found. For this
reason MIBG is not useful in the gastroenteropancre-
atic group of neuroendocrine tumors either in diagnos-
tic scanning or in therapeutics (58).
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10 STAGING—CLINICOPATHOLOGICAL

CLASSIFICATION

Gut neuroendocrine tumors were first classified by
William and Sandler in 1963. Since then numerous
nomenclature systems have been developed. Over the
last decade, an experienced group of pathologists have
devised a new classification of neuroendocrine gastro-
enteropancreatic tumors based on clinicopathological
patterns (59–61). Tumors are termed functioning neuro-
endocrine tumors according to their leading clinical and
endocrine profile. Those tumors without plasma hor-
mone elevation and lacking endocrine symptoms are
labeled nonfunctioning neuroendocrine tumors. The
presence of a specific endocrine hyperfunction syn-
drome seems to be as important as purely pathological
features for predicting biological behavior of the tumor
(62,63) (see Tables 1 and 2). Table 4 summarizes the
proposed classification into benign, uncertain and
malignant gastroenteropancreatic tumors (61).

11 TREATMENT

11.1 Curative Surgery

11.1.1 Resection of the Primary Lesion

In principle, a primary lesion that has not metastasized
should be resected if surgically possible. This is certainly
true with regards to insulinoma, where a subcentimeter
lesion may cause sudden death as a result of endocrine
hyperfunction rather than tumor bulk or metastases.
Futhermore, 90% of insulinomas can be resected by
enucleation and local pancreatic resection is rarely
necessary.

11.1.2 Resection of Liver Metastases

The presence of liver metastases may not necessary
exclude attempted curative surgery. Curative hepatic

surgery may be considered if the primary had been pre-
viously resected or is potentially resectable, if the meta-
static disease is confined to the liver and resectable, and
if there is sufficient hepatic reserve to withstand the re-
section. Surgical techniques have improved consider-
ably since the initial studies a few years ago. In recent se-
ries, survival values are similar with 4 to 5-year survival
of 70–85% with curative surgery (64–68). Prognostic
factors favoring prolonged survival (>1 yr) included
previous resection of the primary tumor (42 months
median disease-free survival) and 4 or fewer metastases
resected (46 months median disease-free survival) (68).

11.1.3 Liver Transplantation

In rare situations, where there are too many or unre-
sectable liver metastases, a liver transplant in addition
to resection of the primary may be performed. This
depends on the nature of the tumor and may offer
significantly prolonged survival, although the mortality
associated with the procedure is high. Experience with
liver transplantation for metastases confined to the liver
is limited. There has been a meta-analysis of liver trans-
plantation for neuroendocrine tumors with 30 cases (13
foregut and 15 pancreatic primaries) (69). Survival was
52% after 1 year. Of the 12 patients who died within the
first year, 6 died as a consequence of the transplant pro-
cedure itself and 6 died from tumor recurrence. Trans-
plantation clearly has to be considered only in highly
selected cases. At our institution a patient whowas diag-
nosed with pancreatic PTHrPoma underwent resection
of the primary 17 years ago. She subsequently develop-
ed liver metastases and underwent a liver transplant
10 years ago. She remains alive, and recently discovered
pleural and peritoneal recurrences are being treated
with radiolabeled octreotide.

11.2 Medical

Medical treatment should be initiated until the time of
curative resection of the tumor or continued long term if
surgery is not feasible. The precise medical treatment
depends on the endocrine syndrome produced by the
neuroendocrine tumor. The treatments are summarized
in Table 5.

11.2.1 Somatostatin Analogues

As evident from Table 5, somatostatin analogues seem
to be an effective symptomatic treatment in a number of
the neuroendocrine tumors. This effect of somatostatin
has been known for some time (70,71). Somatostatin is
expressed throughout the body, and somatostatin

Table 4 Proposed Classification Into Benign, Uncertain,

and Malignant Gastroenteropancreatic Tumors

Risk factor Benign Uncertain Malignant

Size (mm) V20 >20 >20
Local infiltration No Yes Yes

Angioinvasion No Yes Yes
Atypia No Yes Yes
Gross invasion No No Yes
Metastases No No Yes

Source: Ref. 61.
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immunoreactivity is found frequently in neuroendo-
crine tumors (72). There are five somatostatin receptors
(sstr1-5), and the two longer-acting analogues (see
Fig. 2) of somatostatin (lanreotide and octreotide) bind
preferentially to sstr2 and to a lesser degree to sstr5
(73,74).

It has been demonstrated that octreotide and lanreo-
tide exert their effects on hormone secretion and anti-
proliferative effects predominantly via sstr2 (73–76). In
fact, most gastroenteropancreatic neuroendocrine
tumors express all five sstrs, but those lacking sstr2 do
not respond to long-acting somatostatin analogues.
Only 50% of insulinomas express sstr2 (76). Therefore,

long-acting somatostatin analogues benefit only those
with sstr2-positive tumors.

It is known from both in vitro and in vivo experi-
ments that somatostatin and its analogues exert anti-
proliferative effects. Acting mainly via sstr2 and sstr5 to
induce cell growth arrest at the G1 phase of the cell
cycle, somatostatin exerts both a cytostatic and a cyto-
toxic effect (77). There were also early case reports of
tumor regression (78–81). This prompted several phase
II trials to study the effects of octreotide and lanreotide
in patients with metastatic neuroendocrine tumors
where there was CT-documented evidence of tumor
progression (i.e., a 25% increase in tumor size over 1
year) (82–85). These trials showed that partial tumor
regression is a rare event, occurring in 3–5% of patients
treated with high-dose analogues, and stabilization of
tumor growth is the most favorable event, occurring in
36–70% of patients.

Where the tumor is termed ‘‘nonfunctioning,’’ the
use of somatostatin analogues is agreed upon in cases
where the SRS scan is positive and there is tumor
progression (>25% tumor growth in one year) or
evidence of high mitotic rate from histology (using the

Table 5 Specific Medical Treatments for Some Neuro-
endocrine Tumor Syndromes

Endocrine syndrome Treatment options

Carcinoid syndrome Antihistamines

(H1 and H2 antagonists)
Cyproheptadine,
nicotinamide

Somatostatin analogue

if SRS scan positive
Interferon-a

Insulinoma Dietary modifications

Diazoxide
Guar gum
Intravenous dextrose

if period of fasting
Somatostatin analogue
if SRS scan positive
(malignant)

Gastrinoma High-dose proton pump
inhibitor

Glucagonoma Somatostatin analogue

(high dose)
Anticoagulation
Insulin if diabetes mellitus

VIPoma Rehydration + potassium
supplements

Somatostatin analogue

(high dose)
May need bicarbonate
in acute attacks

Somatostatinoma Pancreatic enzyme replacement

Insulin if diabetes mellitus
PTHrPoma Rehydration

Bisphosphonates

Somatostatin analogue
Nonfunctioning Somatostatin analogue

if SRS scan positive

and progressive disease

Figure 2 Secondary structure of somatostatin and its
analogues. *DhNal = h-(2-naphthyl)alanine.
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Ki67 value, CD44 expression, or somatostatin receptor
content) (58). Should the tumor be a progressive non-
functioning carcinoid with a negative SRS scan, the
consensus opinion is that interferon-a should be the
first-line medical therapy.

11.2.2 Interferon-a

The antitumor effects of interferon-a include direct and
indirect mechanisms. The direct effects include antipro-
liferation (blocks G1-S phase), apoptosis, differentia-
tion, and antiangiogenesis. Indirectly, it also increases
class I antigens on tumor cells and thereby induces
autoimmunity. Its use was first introduced for the treat-
ment of carcinoid in 1982 because of its ability to
stimulate natural killer cells and control hormone secre-
tion, symptoms, and tumor growth (86).

The largest studies using interferon-a in malignant
neuroendocrine tumors (mostly carcinoid) show a 42%
biochemical and 14% tumor response in carcinoid and a
51% biochemical and 12% tumor response in neuro-
endocrine pancreatic tumors (87,88). Most therapeutic
protocols for malignant carcinoid today use recombi-
nant a-interferons, particularly IFN-a-2b. The recom-
mended doses are 3–9 MU every day or every other day
subcutaneously. However, the dose should be titrated
individually according to the patient’s weight, sex, and
age. Oberg has suggested that the leukocyte count
should be used for titrating the interferon dose aiming
at reducing the number of leukocytes to below 3.0� 109/
L (89). However, side effects of interferon-a are frequent
and include most commonly flu-like symptoms in 89%,
weight loss in 59%, fatigue in 51%, and depression in
50%. Other side effects include hepatotoxicity, auto-
immune disorders, and the development of neutralizing
antibodies.

11.2.3 Combination of Octreotide and
Interferon-a

The combination of octreotide and interferon-a has
shown to be beneficial in some studies as compared
with either agent alone (90,91). However, in a recent
study 80 therapy-naı̈ve patients (apart from surgery)
were treated in a prospective randomized trial with
either the somatostatin analogue, interferon-a, or the
combination. No difference in antiproliferative re-
sponse was found between the monotherapies and the
combination of the two (58,89).

11.2.4 Chemotherapy

The place of chemotherapy in malignant gastroentero-
pancreatic neuroendocrine tumors always has to be dis-

cussed in a multidisciplinary fashion. Surgical excision,
hepatic arterial (chemo)embolization, somatostatin an-
alogues, and interferons need prior consideration, par-
ticularly in slowly growing tumors (where the growth in
tumor size is <25% in 1 year). Chemotherapy has dif-
ferent efficacies depending on the tumor type and dif-
ferentiation and seems to be superior in the treatment
of pancreatic neuroendocrine tumors (response rates
40–69%) than in metastatic carcinoid (response rates
f20%) (92).

In well-differentiated pancreatic neuroendocrine
tumors, streptozotocin and adriamycin appear to offer
the best results (93) with a 69% response rate, survival
prolongation (median 2.2 years), tumor progression in-
hibition, and tumor shrinkage in two thirds of patients.
In undifferentiated neuroendocrine tumors, the chemo-
sensitivity is similar to that of small-cell carcinoma of
the lung. A 67% response rate with a median survival of
1.75 years has been reported using a combination of
etoposide (VP16) and cisplatin (CDDP) (94). This
combination was not effective in differentiated neuro-
endocrine tumors. More recently, etoposide and cispla-
tin have also been effective in the treatment of heavily
pretreated patients with poorly differentiated and
highly aggressive neuroendocrine tumors (95). Objec-
tive response rates of 50–56% were seen with a median
response duration of 9 months. Patients with endocrine
pancreatic tumors and foregut carcinoids seemed to
benefit most from this combination. Midgut carcinoid
responded poorly, and there was a significant toxicity
rate with nephrotoxicity (53%) and neutropenia (64%).
Eriksson’s group in Sweden is currently studying the
beneficial effect of adding the organic thiophosphate
compound amifostine to their etoposide/cisplatin regi-
men. This compound has been recently introduced to
protect against chemotherapy-induced hematological
and nonhematological toxicity. If successful in lowering
toxicity, amifostine will prove an exciting development
in this field. There is clearly a need for new and more
active chemotherapeutic agents and regimens, including
combinations with other treatment modalities such as
hepatic arterial occlusion.

11.3 Interventional Radiology

11.3.1 Hepatic Artery Embolization

The majority of metastases from gastrointestinal neuro-
endocrine tumors will be in the liver. The liver derives
dual blood supply, receiving 20–25% of blood from the
hepatic artery and 75–80% from the hepatic portal vein.
Metastases in the liver will derive their blood supply
through new vessels arising from the hepatic artery and
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not the portal vein. This therefore provides the ther-
apeutic option of occluding branches of the hepatic
artery supplying the metastases without infarcting the
liver, assuming that the portal vein is patent. Indeed, it is
imperative to confirm this before the procedure. Vari-
ous particulate materials have been used for the occlu-
sion, including gel foam powder and polyvinyl alcohol
microspheres of 150–500 Am diameter. Several reports
have indicated that selective hepatic arterial emboliza-
tion can reduce both hormonal symptoms and tumor
burden in patients with both carcinoid and pancreatic
neuroendocrine tumors (96–98). The objective response
varies between 50 and 90%, and the median duration
of response between 10 and 15 months. Symptomatic
and biochemical responses (40–90%), often occurring
within hours to days, are more frequent than radio-
logical responses (15–40%). The procedure has a high
rate of postembolic syndrome, including pain, fever,
nausea, leukocytosis, and derangements in liver
enzymes (in 50–90%). More severe complications with
renal failure, hepatic abscess, liver necrosis, intestinal
and cholecystic necrosis occur in 10%of patients, with a
mortality of 3–7%.

The complications can be minimized by operator
expertise and a formal hospital protocol with preembo-
lization intravenous methylprednisolone, meticulous
fluid balance pre- and postembolization requiring cen-
tral venous pressure monitoring, intravenous octreo-
tide, aprotinin, broad-spectrum antibiotics, and oral
allopurinol. With carcinoid, the patient requires addi-
tional oral cyproheptadine and nicotinamide, while
with insulinoma the blood glucose needs careful mon-
itoring. If there has been a significant response to
embolization in an individual patient, then it should
be offered again when symptoms recur. There is no
consensus as to the optimal timing and frequency of
hepatic embolizations between different centers.

11.3.2 Chemotherapy Combined with Hepatic
Arterial Occlusion

Several reports have indicated that hepatic arterial
occlusion for liver metastases from carcinoid has an
immediate effect, which lasts up to one year. In a large
retrospective analysis, it has been shown that treatment
with a combination of arterial occlusion and systemic
chemotherapy with 5FU-streptozotocin alternated with
adriamycin-dacarbazin had a 20% higher response rate
and a longer tumor growth control time from 4 to 22
months for pancreatic neuroendocrine tumors and from
10 to 24months for the carcinoid tumors (99). However,
conclusions from this study must be guarded since the

patients were not randomized and the patient groups
were different.

11.3.3 Chemoembolization

Chemoembolization is a combination of hepatic artery
embolization with local cytotoxic chemotherapy. Ap-
proximately 87% of patients respond to this therapy for
an average of 11 months. The response is observed as
tumor reduction in 50% of cases and diminution of
symptoms of hormonal hypersecretion in 63%. The
mean survival is 2 years (100). The mean survival from
the onset of symptoms is 57months, 47months from the
diagnosis of metastases and 24 months from the first
treatment (101). More recently, chemoembolization
was compared with curative hepatic resections and pro-
vided a median survival after treatment of 32 months
(range 7–63 months) and an actuarial 5-year survival of
40% (68). Prognostic factors in achieving a sustained
response (>1 year improvement in symptoms or radi-
ology) included prior resection of the primary tumor,
more than 4 chemoembolization procedures, and liver
metastases 5 cm or smaller. Chemoembolization is only
palliative but has great functional benefits for patients
with hypersecreting tumors. The relative merits of che-
moembolization in comparison with hepatic artery oc-
clusion alone or hepatic artery occlusion followed by
systemic chemotherapy are not yet clear.

11.3.4 Hepatic Radioembolization

Radioembolization is an experimental technique cur-
rently being applied to palliative treatment of hepatic
metastases (102).Microspheres are labeled with a radio-
isotope (such as yttrium 90) and injected into branches
of the hepatic arteries supplying liver metastases. There
is therefore simultaneous hepatic embolization and
local irradiation (brachyradiotherapy). There is still
limited experience with this method, and we await
further refinements to the technique.

11.4 Hepatic Cryosurgery

Hepatic cryosurgery for metastases involves placing a
cryoprobe into each metastasis resulting in cellular
damage and subsequent tumor destruction. It can be
used for palliation of bilobar liver metastases, but is
contraindicated when the tumor occupies >40% of the
liver. In a small series of eight patients, the treatment
resulted in symptom-free survival of 12 months (me-
dian) and overall survival with disease of 25 months
(median) (103). Further studies and comparisons with
other treatment options are needed to elucidate the ef-
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fectiveness of cryosurgery and its impact on long-term
survival.

11.5 Palliative (Cytoreduction) Surgery

Many of the published studies on hepatic resections
include both potentially curative and palliative surgery.
In earlier studies, palliative cytoreductive surgery alone
did not prolong survival in patients with hepatic meta-
stases from gastroenteropancreatic neuroendocrine
tumors and provided an average of 6 months symptom
relief if >90% of the tumor volume was removed (104).
Furthermore, since the liver metastases are so often
diffusely distributed throughout the liver, surgical resec-
tion of these is only possible in 5–8%of patients andwas
associated with a high complication rate (33%) and
mortality rate (9%) (105). More recent series have
shown better outcomes with improved surgical techni-
ques. Among 34 patients who underwent hepatic resec-
tions, 15 had potentially curative and 19 palliative
resections (66). The median survival had not been
reached, but the estimated 5-year survival was 85% in
the patients with complete resections and 63% with
palliative resections.

11.6 Radiolabeled Somatostatin Analogues

Trials are currently underway with the use of radio-
labeled somatostatin analogues as an alternative form
of therapy targeted against tumor cells expressing the
somatostatin receptor sstr2. Initially the diagnostic
radiolabeled compound 111In-DTPA-octreotide was
used. However, the better higher-energy compound
90yttrium-DOTA-DPhe1-Tyr3-octreotide has a high
sstr2 specificity. When used in 10 patients with malig-
nant neuroendocrine tumors and positive SRS scans,
this resulted in tumor volume reduction in two patients
and partial remission or stable disease in two patients
(106). There is one report with the use of 90yttrium-
lanreotide in a patient with gastrinoma (107). This form
of targeted radioactive therapy is currently a very excit-
ing therapeutic option, and we await results of further
trials, particularly on survival.

12 PROGNOSIS

If the primary gastroenteropancreatic neuroendocrine
tumor is nonmalignant and resectable at diagnosis, the
patient has a high cure rate. The survival of patients
with malignant neuroendocrine tumors largely depends

on the resectability at diagnosis and the rate of growth
of the tumor. In series where the majority of patients
have undergone curative surgery, the 5- and 10-year
survival rates exceed 50%. In unresectable tumors, the
presence or development of liver metastases and the
degree of differentiation determine survival. The reader
is referred to the sections on survival with various
combinations of medical and interventional therapies.
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Liver Transplantation for Neuroendocrine Tumors
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1 OVERVIEW

Liver metastases from neuroendocrine tumors (NET)
are often slow growing compared to other common
solid tumors. Their successful treatment with a variety
of modalities, including transplantation, has been
reported widely. Approaches include observation, med-
ical therapy with somatostatin analogues, embolization
with or without chemotherapy, resection, and liver
transplantation. Each of these options has been advo-
cated, and good short- and medium-term results have
been reported. This is more a reflection of the favorable
biology of these tumors than of the merits of any
particular therapy. Because the likelihood of permanent
cure by any treatment is remote, the challenge in this
disease is to outline a rational basis for choosing among
the various options to provide patients with the best and
longest-lasting palliation possible.

Liver transplantation is the accepted therapy for end-
stage cirrhosis, with excellent long-term patient survival
achievable inmost cases. Transplantation has also come
to be recognized as the best treatment for early but
unresectable primary hepatocellular carcinoma, with
results equaling those obtained in benign disease (1).
The role of liver transplantation in treatment of tumors
metastatic to the liver, on the other hand, is far less clear,
and the results have historically been poor (2,3).

Liver metastasis is generally the result of hematoge-
nous dissemination of tumor from the primary site. For
tumors arising in the gut, where venous drainage is via

the portal system, the liver is commonly the first place
where metastases appear. Lymphatic metastasis typi-
cally occurs concurrently with hematogenous spread,
but resection of the primary site can encompass the
regional lymphatic bed.

Surgical cure in some patients with liver metastases
does appear to be possible. A long-term follow-up study
performed in 1997 examined survival in 456 patients
who underwent liver resection between 1985 and 1991
for metastatic colonic carcinoma (the most frequent
tumor type for which resection of metastases is per-
formed). There were 96 actual 5-year survivors (21%),
52 (11% of the original population) of whom experi-
enced no tumor recurrence and may well have been
cured by the liver resection (4).

Not surprisingly, factors that predict survival after
resection of liver metastases (fewer than 4 lesions,
unilobar disease, and ability to achieve tumor-free
margins) also predict ease of resectability; patients with
large, multiple, bilobar metastases for whom transplan-
tation might be proposed are highly likely to recur (5).
While transplantation may reduce (though not elimi-
nate) the likelihood of hepatic recurrence compared to
resection, the majority of patients in whom recurrence
develops after liver resection present with extrahepatic
disease. As the available limited literature on the subject
bears out, transplantation for unresectable metastatic
colon cancer is very unlikely to be curative (2,3).While it
is not easy to glean from the literature, the same appears
true for unresectable metastatic NET.
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2 CLASSIFICATION OF

NEUROENDOCRINE TUMORS

2.1 Clinical Relevance

NETs of gastrointestinal or pancreatic origin comprise
a diverse group of tumors with varying biology and
natural history. The clinical consequences of these
tumors may be the result of either their physical pres-
ence as space-occupying lesions or of the production of
hormones or hormone-like substances that cause
remote effects. When liver metastasis occurs it is almost
always multifocal in both lobes, although this may not
be immediately evident. Not uncommonly, symptoms
related to bulky liver metastases are the initial presen-
tation; in some cases a careful search reveals the site of
the primary tumor, while in others the location of the
primary remains obscure despite thorough investiga-
tion.

NETs have been classified according to anatomical
site of origin, hormonal production, and rate of pro-
liferation (6,7). There is no universally accepted unify-
ing nomenclature, but each basis of classification has
relevance to treatment decisions, including the decision
to transplant.

2.2 Site of Origin

Based on the embryonic derivation of the site of origin,
NETs may be classified as being of foregut, midgut, or
hindgut origin. Foregut NETs most commonly arise in
the pancreas. Often referred to as pancreatic endocrine
tumors (PETs), these neoplasms may produce a wide
array of peptide hormones with associated clinical
syndromes. About 35% of PETs are considered non-
functioning; while these produce no active substances,
they often produce measurable peptides such as chro-
mogranin A (8). The likelihood of clinically malignant
behavior correlates to a significant degree with patterns
of hormone production: insulin-producing tumors, for
example, are rarely malignant, but gastrin-producing
tumors and nonfunctioning PETs commonly are. From
an anatomical standpoint, the lymphatic drainage of the
pancreatic bed is such that tumors that metastasize
widely to the liver invariably invade regional nodes as
well in a way that generally precludes surgical cure (9).

Tumors of midgut origin, arising in the small bowel
or proximal colon, are more uniform in their pattern of
hormone production, producing the array of substances
that, when released in sufficient amounts, give rise to the
carcinoid syndrome. The term carcinoid tumor, at one
time applied to the entire spectrum of NETs, is now

more properly applied specifically to tumors of mid-and
hindgut origin (7). The likelihood of metastasis corre-
lates with the location of the primary tumor: tumors
arising in the rectum, for example, are less likely to
metastasize than those arising in the small bowel. The
regional lymphatic bed of the small bowel and colon is
more readily resected en bloc with a primary tumor than
that of the pancreas, a factor that has beenmentioned as
being of relevance to the decision for transplantation
(10). From the authors’ perspective, however, since cure
is not the chief aim of transplantation, the distinction
between midgut and foregut origin is not a major factor
in deciding whether transplantation is indicated.

2.3 Hormone Production

NETs are commonly classified according to patterns of
hormone production (Table 1). As mentioned above,
there is fairly consistent correlation between the hor-
mones produced and both the location of the primary
tumor and the histological (and biological) grade of the
tumor. From the standpoint of treatment decisions,
including the decision to transplant, hormone secretion
can be a very important factor. Despite the advent of
pharmacological agents that are able to counter hor-
mone-related symptoms (e.g., proton pump inhibitors
for gastrinoma, somatostatin analogues for VIPoma,
H1 andH2 blockers for carcinoid tumors), patients may
develop disabling or life-threatening complications due
to hormones released from NET liver metastases. The
best palliation is achieved in such cases by resection of
the metastases; if their number and distribution pre-

Table 1 Hormones Produced by Neuroendocrine
Tumors

Gastrin
Kallikrein

Glucagon
Calcitonin
Histamine

Substance P
Somatostatin
HCG subunits

Prostaglandins
Neurokinin A, B
Neuropeptide K
Chromogranin A, B, C

Pancreatic peptide (PP)
Insulin, proinsulin, C-peptide
Vasoactive intestinal peptide (VIP)

Serotonin and metabolites (5-HIAA, MeImAA)
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clude partial hepatectomy, transplantation may be the
best solution.

2.4 Rate of Proliferation

Most current literature dealing with classification of
NETs focuses considerable attention on the degree of
differentiation of the tumor. Based on cytological char-
acteristics and markers of proliferative rate such as Ki
67 staining on immunohistochemistry, NETs may be
graded as adenoma, well-differentiated, or poorly differ-
entiated carcinoma. Grading of NETs in this way has
proven clinically useful in estimating prognosis (6,
11,12). Because the decision to transplant is not based
on intent to cure but rather on the likelihood of a
reasonably long period of palliation, transplantation
becomes a relatively less rational choice in patients with
rapidly proliferating, poorly differentiated carcinomas
(13,14).

3 ASSESSMENT OF THE PATIENT WITH

NEUROENDOCRINE LIVER

METASTASES

Evaluation of patients with NET liver metastases must
encompass complete characterization of the tumor with
regard to proliferative rate and hormone production,
excellent liver imaging to accurately define the extent of
liver involvement, an assessment of the adequacy of
control of the primary tumor, delineation of the extent
and location of extrahepatic metastases, and the phys-
iological state of the patient.

3.1 Characterization of the Tumor

A complete discussion of the biochemical assessment of
patients with NETs is beyond the scope of this chapter.
In order to counter possible hormone-related symp-
toms, to help estimate prognosis, and to establish useful
markers of tumor activity, a complete profile of tumor-
related hormonal products should be checked. Even
patients with so-called ‘‘nonfunctioning’’ tumors typi-
cally have elevated levels of substances such as chro-
mogranin A, which may be useful as markers of tumor
activity after treatment (8).

A recent study by Rosenau et al. suggests that pa-
tients with tumor immunohistochemistry demon-
strating rapid proliferation as evidenced by a high
proportion of cells staining positive for Ki 67 or dem-
onstrating increased metastatic potential as evidenced
by regular staining for the adhesion molecule E-cad-

herin have diminished survival after transplantation
(14). At the University of Göteborg, Sweden (a center
with a large experience in this disease), patients with
tumors exhibiting >10% Ki 67 positivity on immuno-
histochemistry are excluded from consideration for
transplantation (13). These studies can be performed
on paraffin-embedded tissue from a prior biopsy and
should be obtained as part of transplant evaluation.

3.2 Assessment of Liver Involvement

Either computed tomography (CT) or magnetic reso-
nance imaging (MRI) may be employed to assess the
extent of liver involvement. Scans must be performed
after the administration of intravenous iodinated con-
trast material (CT) or gadolinium (MRI). Unlike most
other metastatic liver tumors, NET metastases are
commonly hypervascular; dual-phase CT or MRI
should thus be performed to provide maximal informa-
tion.

The quality of imaging studies with which patients
present for evaluation varies widely; the import of the
decisions riding on imaging studies is such that refer-
ral centers must insist on top-quality images, even if
studies of inferior quality have only recently been ob-
tained elsewhere. Scans should be reviewed with the
intent of resection. Particularly in patients with symp-
toms related to hormone production, liver resection
employing the technique of tumor enucleation without
regard for the classically desired 1 cm tumor-freemargin
may offer long-term benefit (15,16).

3.3 Assessment of the Primary Site

In patients with NET liver metastases, the primary
tumor may be discovered before, at the time of, or after
the recognition of liver involvement, or, in a small
minority of patients, not at all (there is some debate
over whether the liver may represent the primary site for
such tumors). Certainly, the liver is a ‘‘fertile field’’ for
these tumors, and the common observation that liver
metastases typically grow faster and larger than their
primary progenitors is supported by experimental evi-
dence (17,18). In cases where the primary tumor has
been resected, the pathology report should be reviewed
to determine the adequacy of the resection and the
extent of nodal involvement. Imaging with CT and
octreotide scan are used to search for residual regional
disease.

It is not unusual for the primary tumor to be discov-
ered by careful assessment of imaging studies including
CT and octreotide scan when a patient presents with
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symptoms related to liver metastases. The body and tail
of the pancreas have proven the most common site of
origin in such cases.While theremay be room for debate
as to the proper course (19), it has been our practice to
consider resection of the primary tumor early in the
course of treatment of such patients, in recent years via
laparoscopic distal pancreatectomy (20). The aim of this
approach is to remove the source of ongoing metastasis,
since there is no effective regional therapy such as
chemoembolization for the pancreas. In patients with
impaired liver function from extensive tumor load, who
are not good candidates for preliminary resection of
the primary, combined liver transplantation and resec-
tion of the primary tumor may be the most rational
approach.

There is, as mentioned, a minority of patients who
present with extensive NET liver metastases in the
absence of a detectable primary tumor. In such cases,
it is our practice to proceed with treatment of the liver
and to continue surveillance in anticipation of the
discovery of the primary site. While it is comforting to
have dealt with the primary before considering such a
radical treatment for the liver as transplantation, ulti-
mately, since the aim is palliation and not cure, identi-
fication of the primary is not, in our opinion, a strict
prerequisite to proceeding with liver transplantation.
Thus far in our experience, we have taken two patients
for transplant without prior identification of the pri-
mary site, and in both cases the primary was discovered
on intraoperative assessment to lie within the pancreas.

3.4 Evaluation of Extrahepatic Disease

The presence of extrahepatic disease does not logically
preclude liver transplantation for NET metastases; as
has been discussed, the likelihood of cure is remote
regardless of their presence or absence. Nevertheless, a
complete picture of the extent of disease is valuable both
in planning treatment and in properly informing the
patient. Common sites of extrahepatic metastasis
include abdominal lymph nodes, lung, and bone; CT
of the chest and abdomen and bone scan are thus
routinely performed. As the majority of NETs demon-
strate avidity for octreotide, nuclear scanning with
labeled octreotide is often useful in the detection of
disease in unlikely locations as well as to confirm the
nature of questionable disease seen on imaging studies
(21). More recently, radiolabeled metaiodobenzylgua-
nidine (MIBG) and positron emission tomography
(PET) scans have proven similarly useful, particularly
in patients with less well-differentiated tumors, in iden-
tifying occult sites of disease (22).

3.5 Physiological Assessment of the Patient

Among all the treatments that have been advocated for
NET liver metastases, liver transplantation is surely the
most radical, with the greatest morbidity and mortality;
its value as a tumor treatment diminishes in direct
proportion to the likelihood of treatment-related death.
Careful assessment of cardiac, pulmonary, and renal
function is part of every transplant evaluation. Diverse
factors such as obesity, smoking, diabetes, psychiatric
issues, and advancing age must all be figured into the
complex decision for transplant.

4 THE TRANSPLANT OPERATION

Liver transplantation techniques have been well
described elsewhere (23); the technical aspects of trans-
plantation in patients with NET metastases are essen-
tially the same as for other indications. Transplantation
in these cases is typically facilitated by the fact that the
patients do not generally have underlying liver disease
with associated portal hypertension and coagulopathy.
On the other hand, bulky disease may complicate the
hepatectomy. If the primary tumor has not been
resected, or if additional extrahepatic tumor is present
at the time of transplant, concomitant procedures such
as lymphadenectomy, distal pancreatectomy, pancrea-
ticoduodenectomy, or gastrointestinal resection may be
performed.

Anesthesia management in patients with hormonally
active NETs is potentially complicated. Administration
of H1- and H2-histamine receptor antagonists and
corticosteroids and continuous infusion of the somato-
statin analogue octreotide are useful in preventing the
release of hormonal mediators that can cause wide
fluctuations in blood pressure and may result from
intraoperative tumor manipulation (24).

In selected cases, some centers have advocated multi-
visceral, or ‘‘cluster,’’ procedures wherein radical exci-
sion of the pancreas, duodenum (F stomach), bile duct,
and liver is performed en bloc in an attempt to com-
pletely remove the primary tumorwith its lymphatic bed
and any locoregional metastases (13,25,26). Transplan-
tation is then performed, either with a multivisceral
graft or with a liver alone.

Results of these operations have generally been dis-
appointing, with high early morbidity and mortality;
patients who receive multivisceral grafts require in-
creased immunosuppression and have had a high in-
cidence of Epstein-Barr virus–related posttransplant
lymphoproliferative disorder. Too few procedures have
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been performed and followed long term to allow for a
good estimate of any increased likelihood of cure from
multivisceral resection. In the absence of such data, our
approach has been to perform separate resection of the
primary and of the liver, rather than embark on the
more extensive en bloc procedures (27).

4.1 Tumors and Immunosuppression

Immunosuppression is required for transplantation to
be successful, except in the case of identical twins. The
mainstay of liver transplant immunosuppression has
been the calcineurin inhibitors cyclosporine and tacro-
limus. There is now considerable evidence that these
medications are associated with an increased incidence
of skin malignancies and lymphomas (28). On the other
hand, there is no clear association between immuno-
suppression and the incidence or rate of growth of
nonlymphoid solid organ tumors (29). Despite this lack
of evidence, there remains a level of concern about ad-
ministering immunosuppressive drugs to patients with
cancer. There is conflicting data as to whether cyclo-
sporine and tacrolimus, which are known to augment
liver regeneration, may influence the course of recur-
rence of primary hepatocellular carcinoma after trans-
plantation (30–32). Even if such were the case, the
relevance to recurrence of metastatic tumors would be
unclear. The recent introduction of sirolimus, an immu-
nosuppressive drug with demonstrated anticancer activ-
ity, may offer help in preventing both liver rejection and
tumor recurrence (33).

5 A RATIONAL APPROACH TO THE

PATIENT WITH NEUROENDOCRINE

LIVER METASTASES

As alluded to in the overview at the beginning of this
chapter, it is the generally slow-growing nature of
neuroendocrine tumors rather than the benefit of any
particular therapy that explains the relatively long
survival of patients with neuroendocrine liver metasta-
ses as compared to those with metastases from other
sources. Nevertheless, most patients with this disease
ultimately develop significant symptoms and die as a
result. The challenge for those who care for them is to
choosewisely among the available modalities in order to
maximize both the quality and the length of life. Bearing
in mind that cure by any means is ultimately unlikely, it
seems most reasonable to withhold the most radical
treatment (i.e., liver transplantation) until it is clear that
the patient is in imminent trouble and that treatment

options less likely to result in serious complication or
death have been exhausted. Thus, while the focus of this
chapter is liver transplantation, a limited discussion of
the array of treatment options seems appropriate to
provide adequate context within which to place the
transplant option.

5.1 Observation/Medical Therapy

After obtaining blood and tissue sufficient to fully
characterize the tumor, consideration should be given
to a period of observation in the patient newly diag-
nosed with neuroendocrine liver metastases. When pos-
sible, this allows the physician and the patient to gain
some perspective on the nature of the particular tumor
with which they are faced; for it must be admitted that,
despite the various tests and classification schemes that
have been developed, the clinical behavior of the tumor
cannot be predicted with complete accuracy. In consid-
ering the merits of active intervention, it should always
be kept in mind that patients with liver metastases from
NETs have a 30% overall 5-year survival and a median
survival of 3–4 years without treatment (15,34,35).

For those patients with minimal or no symptoms or
with hormone-related symptoms that are readily con-
trolled medically (e.g., proton pump inhibitors in gas-
trinoma), such observation, with periodic imaging and
biochemistry to monitor progression, may provide a
significant period of good quality life with no risk of
treatment-related morbidity. Upon evidence of tumor
progression, the somatostatin analogue octreotide may
be added; its demonstrated tumoristatic properties
come at low physiological (but not monetary) cost
(36,37).

5.2 Liver Resection

There is a considerable body of literature advocating
resection as the preferred treatment for neuroendocrine
liver metastases when technically possible (16,38–41).
While these many studies quote respectable medium-
term survival figures, close review reveals that reports of
cure as evidenced by disease-free survival beyond 5
years are few and far between; in the Mount Sinai series
of 16 resections, there are none. Resection should be
viewed, then, not as qualitatively different than treat-
ments such as radiofrequency ablation or chemoembo-
lization, but rather as an alternative means to tumor
reduction with its unique advantages and disadvan-
tages. In the authors’ practice, resection is the least
commonly employed of these alternatives in the treat-
ment of patients with NET metastases.
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The clearest indication for resection is in the patient
with a single or limited number of large, symptomatic
tumors that are technically amenable to complete resec-
tion. In competent hands, resection can be carried out
with low (0–2%) mortality, and after the limited period
of surgery-related morbidity the patient may experience
prolonged symptom relief without need for repeated
interventions. By contrast, large tumors (>4 cm) are
not technically suitable for percutaneous ablation tech-
niques, and control in such cases with chemoemboliza-
tion is both less certain and considerably more drawn
out.

The role of subtotal resection is, in the authors’ view,
limited to cases with documented slow progression of
tumors that are producing hormone-related symptoms.
As the degree of symptoms is related to the bulk of
tumor, significant surgical reduction in tumor volume
can result in significant periods of symptom relief
quicker and more certainly than can other modalities.

5.3 Ablative Techniques

These technologies extend the ability of the surgeon to
physically eliminate tumor tissue and should be viewed
as complementary rather than as competing with sur-
gery (42). Because the majority of patients present with
multifocal involvement of the liver, these techniques
that, like resection, focus on particular tumors are not
likely ever to become the mainstay of therapy.

5.3.1 Radiofrequency Ablation

Radiofrequency ablation (RFA) may be performed
percutaneously and with the latest available technology
is effective in destroying tumors up to 4–5 cm in
diameter. Because it is uncommon for patients to
present with a limited number of tumors all of which
are amenable to RFA, this will rarely be the primary
treatment. More commonly, RFA finds application
intraoperatively as an adjunct to surgery to treat small
lesions that are present deep within the liver of a patient
undergoing resection, or percutaneously in treating new
tumors that develop during follow-up after resection.

5.3.2 Cryosurgery

Cryosurgery, performed as an open procedure in all but
a few centers, is capable of destroying larger tumors and
is similarly employed as an adjunct to resection; the
indications for cryosurgery are those for resection. The
readiness with which cryosurgery is employed is, in
general, inversely related to the skill of the operator in
performing hepatectomy; the morbidity is no less than

that of resection, and patients undergoing cryoablation
of large tumors may in fact suffer serious consequences
related to the release of substances by the necrotic tumor
following treatment.

5.4 Chemoembolization

The typically highly vascular nature of neuroendocrine
metastases renders them good targets for chemoembo-
lization (43,44). A catheter is inserted via the femoral
artery and advanced into the hepatic artery, followed by
injection of contrast. Tumors light up as a blush of
contrast; the catheter is then advanced into the branches
of the artery supplying the tumor, and injection is made
first of chemotherapeutic agents followed by particles to
occlude small branches of the artery. As the liver has a
dual blood supply, nourished by both the hepatic artery
and the portal vein, whereas livermetastases derive their
blood supply virtually entirely from the artery, this
treatment disproportionately kills tumor relative to
surrounding liver. The arterial occlusion produced by
chemoembolization is transitory, allowing for repeated
treatment. Because it is delivered via the hepatic artery,
which supplies (albeit with a number of anatomical
variations) the entire liver, chemoembolization may be
employed perfectly well in cases of diffuse metastasis.

In order to minimize side effects resulting from the
destruction of large amounts of tumor, patients with
extensive metastases are generally treated in multiple
sessions, treating only a portion of the liver at any one
sitting. In patients deemed by virtue of symptoms, extent
of liver involvement, or rate of progression to require
treatment, chemoembolization is the most commonly
employed approach at Mount Sinai. With repeated
chemoembolizations it is often possible to maintain
patients with diffuse liver involvement who get to the
point of requiring therapy, over a period of years, with
an acceptable quality of life.

5.5 Liver Transplantation

Considering all of the foregoing discussion, the role of
liver transplantation is clear: for patients who are
physiologically capable of withstanding the transplant
surgery, have slowly progressive disease, extensive, life-
threatening liver involvement, and no overwhelming
extrahepatic disease, a liver transplant may provide a
number of years of good-quality life when no other op-
tions remain.

Is it possible that this strategy of withholding the one
treatment that definitively removes all liver metastases
until other options have been exhausted deprives some
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patients of an opportunity for cure? While such possi-
bility exists, from all that is known of this disease the
likelihood is small, and treatment of subsequent recur-
rence will be complicated by the need to consider the
transplanted liver and associated immunosuppression.
Furthermore, the up-front 15% 1-year mortality asso-
ciated with the transplant procedure independent of
tumor-related issues in all likelihood more than cancels
out any such benefit (45).

A decision to transplant is of little practical import if
a donor organ is not available. An increasing demand
for liver transplantation over recent years has not been
accompanied by a commensurate rise in the number of
available cadaveric donor organs. As a result, donor
livers are in short supply. The system for prioritizing
recipients of cadaveric donor livers in the United States
is based on a score [Model for End-Stage Liver Disease
(MELD) score], ranging from 6 to 40, that reflects the
degree ofmedical urgency of the candidates. The score is
calculated based on levels of serum bilirubin and crea-
tinine and the standardized prothrombin time (INR)
(46).

While there are certain conditions, including early
hepatocellular carcinoma, that have been singled out as
being exceptional and warranting special priority
despite low calculated scores, metastatic NET is not
among them. Thus, unless patients receive special case
dispensations from a panel comprising representatives
of all liver transplant centers in the region, it is in effect
impossible to obtain cadaveric donor livers with which
to transplant patients with metastatic NET until their

liver function is severely affected. The limited Mount
Sinai experience with waiting until liver function has
been impaired to the point of gaining waiting list prior-
ity has been dismal. Since 1998, adult living donor liver
transplantation has provided an alternative source of
donor organs, offering the potential for more timely
transplantation and improved results (47).

6 REPORTED EXPERIENCE WITH

LIVER TRANSPLANTATION FOR

NEUROENDOCRINE TUMORS

There are a number of small single-center series report-
ing results of liver transplantation for NET metastases
(Table 2) (13,14,25,48 49–56). In a 1998meta-analysis of
103 patients from 23 centers for whom follow-up data
had been reported, Lehnert found the 1-year and 5-year
survival rates to be 68%and 47%, respectively, with a 5-
year disease-free survival rate of 24% (data on 18 pa-
tients regarding recurrence was not available). Age>50
years and transplantation combined with upper ab-
dominal exenteration orWhipple’s operationwere iden-
tified as adverse prognostic factors on multivariate
analysis (57).

In 1997, Le Treut published the collected French
experience with liver transplantation for NET compris-
ing 31 patients from 11 centers. With a median follow-
up of 57 months, 1-year and 5-year survival rates were
58% and 36%, respectively (10). The most significant
factor correlating with outcome was whether the pri-

Table 2 Single Center Series of Liver Transplant for Neuroendocrine Metastases

Author (Ref.) Year
No. of
patients

Median

follow-up
(months)

1-yr
survival (%)

5-yr
survival (%)

Actual 5-yr
disease-free survivors

Mt. Sinaia 2002 11 62 73 36 1
Olausson et al. (13) 2002 9 22 89 — 0

Rosenau et al. (14) 2002 19 38 89 80 3
Ringe et al. (48) 2001 5 22 80 — 0
Coppa et al. (49) 2001 9 39 100 70 —

Pascher et al. (50) 2000 4 42 100 50 1
Frilling et al. (51) 1998 4 54 50 50 0
Dousset et al. (52) 1996 9 29 33 33 0
Anthuber et al. (53) 1996 4 11 25 0 0

Alessiani et al. (25) 1995 14 — — — —
Routley et al. (54) 1995 11 — 82 57 —
Arnold et al. (55) 1989 4 30 50 — 0

Makowka et al. (56) 1989 5 32 60 — 0

a Unpublished data; see Table 3 for case details.
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Table 3 Transplantation

Patient no. Age Sex Type 1j resection Alive

Disease

free

Survival

(months) Comments

1 40 F N/F Distal pancreasa N N 79
2 52 M VIP Distal pancreas Y Y 119 Prior hepatectomy
3 56 M N/F Distal pancreas N N 41

4 51 M N/F Distal pancreasa N N 76
5 56 F N/F Whipplea N N 0 Pulmonary embolus

POD#4

6 57 F Carcinoid Appendix N N 0 Intraoperative death
7 24 F N/F Distal pancreasa N N 16 Living donor
8 56 F N/F Not identified N N 19 NET unrecognized

pretransplant

9 59 M VIP Distal pancreas N N 0 Prior hepatectomy;
intraoperative death

10 56 F Carcinoid Ileum Y N 13 Living donor

11 56 F Carcinoid Rectum Y N 11 Living donor

a Performed at the time of transplant.

N/F, nonfunctioning; VIP, vasoactive intestinal peptide.

Figure 1 Mt. Sinai patient survival after liver transplant for neuroendocrine metastases.
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mary tumor was a carcinoid (69% survival at 5 years)
versus PET (8% survival at 4 years).

In reviewing the literature, one is struck by the
relatively short period of follow-up in most studies.
While most report 5-year survival rates, none has a
median follow-up of 5 years. Among the studies that
report disease-free survival in an unambiguous way,
only 5 patients who were disease-free at 5 years can be
identified out of 83 transplant recipients, thus confirm-
ing the impression that cure of this disease by trans-
plantation is a very unusual occurrence.

7 THE MOUNT SINAI EXPERIENCE

Since April 1992, 43 patients with NET liver metastases
have been evaluated at The Mount Sinai Hospital. Of
this group, 15 received only medical therapy. Sixteen
patients underwent hepatic resection, either for local-
ized tumor in hopes of cure or for debulking of sympto-
matic metastases. Fourteen patients were evaluated and
listed for transplantation; of these, 11 were transplanted
(Table 3). Of the 3 patients listed but not transplanted,
one was lost to follow-up, one died 14 months after
listing from progressive disease, and one remains wait-
ing more than 4 years after being placed on the waiting
list. With a median follow-up of 62 months, our 1-year
posttransplant survival is 73%; 5-year survival is 36%
(Fig. 1).

Since 1998, we have considered patients with NET
metastases in whom transplant is indicated for living
donor liver transplantation. Availability of a living do-
nor frees the patient from the need to compete with
other transplant candidates on the waiting list and
enables the transplant team, in consultation with the
patient and treating physicians, to optimize the timing
of the procedure. Three of the last five transplants per-
formed at Mount Sinai for NET metastases were per-
formed using living donors, including one case where
the donor and recipient were identical twins, thus ob-
viating the need for immunosuppression.

8 CONCLUSION

Liver transplantation for the treatment of metastatic
neuroendocrine tumors is radical. While cure is not
impossible, it is certainly not probable. The world’s
experience with transplantation for this indication is
limited to fewer than 150 cases with widely varying re-
sults and few 5-year disease-free survivors. Neverthe-
less, there is a role for liver transplantation in carefully

selected patients with favorable tumors (i.e., biologi-
cally less aggressive). Transplantation is indicated in
physically fit patients with unresectable neuroendocrine
tumor metastases that, despite optimal medical man-
agement, are causing uncontrollable symptoms due to
tumor bulk and/or hormone production. Liver replace-
ment should be considered a complementary part of
the armamentarium of potential therapies for these
patients.
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1 INTRODUCTION

The term carcinoid tumors originally covered gastro-
enteropancreatic endocrine tumors, which were divided
according to their embryological origin into foregut
carcinoids (broncho-pulmonary, thymic, stomach, duo-
denum, upper jejunum, pancreas), midgut carcinoids
(lower jejunum, ileum, appendix, and cecum), and
hindgut carcinoids (colon, rectum) (1). This classifica-
tion does not relate to the natural history and clinical
behavior of these tumors, so a revised classification was
proposed taking into account tumor location, tumor
size, angioinvasion, hormone production, histological
grade, and proliferative index (2). Using this classifica-
tion the digestive neuroendocrine (NE) tumors are
divided into well-differentiated tumors (WDEC) com-
prising carcinoid tumors of the gastrointestinal tract
and endocrine pancreatic tumors (EPT) and poorly
differentiated endocrine carcinomas (PDEC). NE tu-
mors are usually diagnosed at a late stage, when the
patients has disseminated disease and hormonal symp-
toms. The work-up of these patients includes CT/MRT,
octreotide scintigraphy, hormonal screening, and anal-
ysis of tumor biopsies. The histopathological examina-
tion aims at classifying the tumor with respect to origin
and biological behavior. Immunohistochemical stain-
ing for amine and peptide hormones and synaptic
vesicle proteins can be helpful in defining the origin of
the tumor (3). Analysis of growth pattern, degree of NE
differentiation, and proliferative capacity may provide

prognostic information (4). Such analysis includes eval-
uation of tumor cell growth, degree of cellular/nuclear
atypia as well as presence, or absence, of necrosis; these
factors are then weighed into a histological grade (G1–
G3) scale. The NE differentiation is evaluated by anti-
bodies against proteins of the neurosecretory granules
(chromogranin A, synaptophysin) or cytosolic markers
(neuron specific enolase, PGP 9.5). WDEC are immu-
nopositive for all markers in the majority of tumor cells,
while PDEC often lack the granular markers with cyto-
solic markers retained. The proliferative capacity can be
assessed by counting of mitoses, but is more reliably
estimated by analyzing the fraction of tumor cells that
express the Ki67 antigen (4). Following the histopath-
ological analysis, NE tumors can be broadly divided
into WDEC with good, or intermediate, prognosis and
PDEC with sinister prognosis. Other factors, e.g., an-
giogenic capacity, expression of adhesion molecules,
and specific genetic changes, may prove to be prognostic
tools in the future and also indicators of responsiveness
to medical treatment.

Bronchial and thymus carcinoids are derived from
the embryological foregut. Bronchial carcinoids can
be typical (carcinoid morphology, few mitoses, and
absence of necrosis), with good prognosis, or atypical
(nuclear atypia and deranged architecture, increased
mitotic activity, or presence of necrosis), with interme-
diate prognosis (5) in contrast to large-cell neuroendo-
crine carcinomas and small-cell lung carcinomas with
poor prognosis (6,7). Thymic carcinoids were recog-
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nized as a separate entity byRosai andHiga (8). Asymp-
tomatic tumors may be incidentally detected, while
symptomatic patients may present with ectopic pro-
duction of ACTH and GHRH, usually at an advanced
stage. Thymic carcinoids often have slow progression,
but are invariably malignant.

Cytoreductive surgery is sometimes required for
other NE tumor types, e.g., the rare cases of malignant
pheochromocytoma/paraganglioma with excessive cat-
echolamine (CA) secretion or medullary thyroid carci-
noma (MTC) with diarrhgenic syndromes or ectopic
ACTH production.

2 PREOPERATIVE CONSIDERATIONS

Prior to all interventional treatment of NE tumors, the
tumor type and hormone production must be assessed.
Patients with midgut carcinoids are pretreated with
long-acting somatostatin analogues, e.g., octreotide
(100 Ag� 4 s.c.), to prevent carcinoid crises during inter-
vention. In case of a crisis reaction (severe facial flush-
ing, bronchoconstriction, and hypotension), adrenergic
drugs should be avoided, since carcinoid tumor cells
may express adrenoceptors and a vicious circle with ex-
cessive release of serotonin and tachykinins can be
initiated. Instead, the surgical manipulation should be
interrupted, volume substituted according to hemody-
namic parameters and titrated doses of octreotide and
cortisone given. Spinal anesthesia with markedly re-
duced arterial blood pressure may elicit carcinoid crises
due to compensatory release of CA from the adrenals,
in turn activating serotonin release from the tumor. For
postoperative pain epidural analgesia is preferred (9).
Foregut carcinoids with excess production of hista-
mine may cause an ‘‘atypical carcinoid syndrome’’ (gen-
eralized flushing, bronchoconstriction, hypotension,
lacrimation, and cutaneous edema). Hepatic arterial
embolization of liver metastases in these patients may
be contraindicated due to uncontrollable release re-
actions. Correct diagnosis relies on analysis of the
main histamine metabolite methylimidazole acetic acid
(MelmAA) in urine. Patients with histamine-producing
tumors are optimally pretreated with a combination of
somatostatin analogues, blockade of histamine (H1 and
H2) receptors and cortisone. Histamine-liberating
agents, e.g., morphine and tubocurarine, should be
avoided (10). For patients with glucagonoma or
VIPoma, preoperative treatment with octreotide is usu-
ally sufficient. Skin lesions (necrolytic migrating eryth-
ema), sometimes associated with glucagonomas, can
heal rapidly with octreotide, antibiotics, and amino acid
supplementation prior to surgery. During this period,

low-dose heparin is recommended due to increased risk
of thrombosis. Patients with gastrinoma maintain their
medication with omeprazol for a period after removal
of the tumor, since they have elevated gastric acid
secretion due to hypertrophy of the gastric mucosa.
Patients with large insulinomas may require hypertonic
glucose after tumor removal, and close glucose mon-
itoring is necessary.

Surgical treatment of patients with advanced pheo-
chromocytomas/paragangliomas present specific prob-
lems due to cardiovascular effects caused by excessive
release of CA, which may activate a-adrenoceptors,
leading to vasoconstriction and reduced plasma volume
(not compensated for by vasodilatation via h2-adreno-
ceptors), and h-adrenoceptors, resulting in tachycardia.
The combination of enhanced afterload and tachycar-
dia can damage the myocardium. With successively
increased dosage of the a-adrenoceptor blocker phe-
noxybenzamine, vasoconstriction is reduced andplasma
volume normalized. During medical treatment tachy-
cardia may appear as a consequence of vasodilatation
or presynaptic blockade of a-adrenoceptors. First at
the stage with normalized plasma volume the tachycar-
dia can be corrected by the use of h-adrenoceptor
antagonists. Attention should be paid to tumors with
preferential secretion of epinephrine, i.e., predominant
activation of h-adrenoceptors. Too rapid institution of
treatment with phenoxybenzamine may lead to vaso-
dilatation and circulatory collapse. Intraoperative con-
trol of vascular tone can also be obtained by nitroprus-
side or adenosine; the latter drug has an antiarrhythmic
effect on the sensitized myocardium. Certain drugs
should be avoided, e.g., sympathomimetics (ketamine),
stimulants of autonomic ganglia (succinylcholine), CA-
uptake inhibitors (droperidol), vagolytics (atropine),
and halothane, which may induce arrythmias (see Ref.
11). In case major debulking is planned, a first step of
noninterventional cytoreduction, e.g., radiotherapy
with 131I-MIBG or chemotherapy (cyclophosphamide,
dacarbazine, and vincristine), can be tried in order to
reduce tumor burden and secretion of CA (12,13). For
palliation, a-methyltyrosine may have additional ef-
fects, since this drug reduces the synthesis of CA.

3 SURGICAL TREATMENT OF

LOCOREGIONAL DISEASE

Adequate treatment of locoregional disease is a prereq-
uisite for subsequent tumor resection with curative in-
tent. There is an evident correlation between the size of
the primary NE tumor and presence of metastatic
disease for lesions in certain regions, e.g., appendix
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and rectum (14). Tumors less than 1 cm are cured by
simple excision/appendectomy, while larger or locally
invasive tumors require more extensive surgery (15). In
case of small intestinal midgut carcinoids, tumor size
does not seem to influence prognosis (16). Two thirds of
small midgut carcinoids (<1 cm) have microscopic
spread to lymph nodes, and almost half of the patients
have liver metastases (17). Midgut carcinoids may be
multiple and require resection of involved intestine and
mesentery. The tumors are often accompanied by retro-
peritoneal fibrosis or desmoplastic mesenteric reaction,
which may lead to constriction and kinking of the bowel
and intestinal ischemia. The primary surgical treatment
should therefore include dissection and removal/reduc-
tion of the central mesenteric lymph nodes mobilizing
the small intestine for adequate resection and prevent-
ing vascular compression (18).

Gastric carcinoids are divided into four subtypes:
hypergastrinemia induces hyperplasia of enterochro-
maffin-like cells with subsequent progression into small
multiple carcinoids in the corpus-fundus region. This
condition can be associated with chronic atrophic gas-
tritis (type I) or be part of a setting with MEN-1
gastrinoma (type II). Type III tumors are larger solitary
lesions, not associated with hypergastrinemia, and type
IV tumors comprise very rare tumor types including
PDEC. Type I lesions are usually benign and are prob-

ably best managed by endoscopic excision and follow-
up. The role of antrectomy to reduce gastrin levels in
order to reverse hyperplasia/neoplasia of enterochro-
maffin-like cells has not been strictly evaluated. Type II
lesions may require wider excision, or gastric resection.
Type III tumors and PDEC require cancer surgery,
when resectable (19).

The surgical management of EPT also varies with
tumor type, e.g., enucleation of small benign insulino-
mas or pancreatic resection of larger, more aggressive
tumors of both functional or nonfunctional types. The
MEN-1 pancreas is a surgical enigma, which may lead
to repeat surgical procedures of successively diagnosed
tumors, eventually ending up with subtotal, or comple-
tion pancreatectomy (Fig. 1) (20). For patients with
nonfunctonal EPT and bilateral liver metastases, most
authors advise pancreatic resection only in patients with
symptoms like pain or bleeding. In one series of non-
functional EPT, palliative pancreatic resections were
performed in 12 patients and compared with 22 non-
resected patients without evident survival advantage
(4.5 versus 3.2 yr). The small difference may be ex-
plained by smaller tumors in the resected group (21).
In case of biliary or gastric outlet obstruction, by-passes
are performed. Operative biliary by-pass is usually pre-
ferred, since individual patients with EPT may have
long survival (22).

Figure 1 CT in a patient with the MEN-1 syndrome subjected to completion pancreatectomy and left hepatectomy due to
metastatic EPT. One centrally located metastasis in the residual right liver was treated with radiofrequency ablation. The dark

area represents the coagulation necrosis (left). Three months later marked shrinkage of the necrotic area (right). After completion
of treatment the patient had normal tumor markers and negative octreotide scintigraphy.
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For successful primary surgery of bronchial carci-
noids, not only complete removal of tumor and careful
lymph node dissection is required, but also optimal
sparing of lung parenchyma. In contrast to lung cancer,
wide resection margins are not required. Peripherally
located tumors are managed by wedge resection or
resections of segments or lobes; centrally located tumors
by bronchotomy, excision, and bronchoplasty, sleeve
resections of bronchi, andmore rarely pneumonectomy.
Endoscopic treatment of bronchial carcinoids by YAG
laser can be used to palliate airway obstruction in
patients with advanced disease (23). Large-cell neuro-
endocrine carcinomas and small-cell lung carcinomas
are best treated by chemotherapy. In the former tumor
type resection may be attempted, if distant metastases
are not present (6,7).

The surgical treatment of primary NE tumors and
locoregional disease is not controversial. Treatment of
patients with liver metastases is more demanding and
may involve several interventional modalities. For
future randomized studies on the role of medical treat-
ment in advanced disease, primary surgery by an expe-
rienced surgeon is of importance to prevent local
complications by the tumor and correctly stage the
tumor disease. In case liver transplantation is planned
as a second step, it is import to resect all extrahepatic
tumor. There is no general agreement when to start the
palliative surgical treatment, e.g., gastrinomas meta-
static to the liver can show most variable growth rates
in different patients, which influences the decision mak-
ing (24).

4 INTERVENTIONAL TREATMENT OF

LIVER METASTASES

The surgical/interventional treatment for liver metasta-
ses can be divided into four modalities: liver resection,
vascular interventions, other peroperative procedures,
and liver transplantation.

4.1 Liver Resection

Anatomical liver resection can be performed for lesions
located within any of the eight liver segments, each sup-
plied by branches of the hepatic arteries and portal
vein and each drained by one hepatic duct (Fig. 2A).
For curative resections good clearance margins are re-
quired, but for WDEC resected for palliation, the mar-
gins can be narrowed and local tumors can be removed
by atypical resections. The extension of tumor is as-

sessed by inspection, palpation, and intraoperative ul-
trasound. The latter technique allows good definition
of liver anatomy and reveals the relationship between
the tumor and the portal/hepatic venous pedicles. This
is of special importance if techniques like cryo- or laser
therapy are used.

In the sagital projection the liver is divided by the
three principal hepatic veins, which delineate the major
liver resections: left hepatectomy (removal of segment
no. II–III), right hepatectomy (removal of segment no.
V–VIII), and trisegmentectomy, which also includes
removal of segment no. IV and sometimes the caudate
lobe (segment no. I). Resection of individual segments
requires identification and subsequent ligation of its
portal pedicle. This can be difficult for segments no.
VII–VIII andmay cause impaired venous drainage from
the residual lower segments. Superficial liver metastases
along the edges of the liver are safely removed by wedge
excisions and plugging with absorbable fibrin to secure
hemostasis.

4.1.1 Left Hepatectomy

The left middle hepatic veins have their junctions at
variable levels and can usually be controlled separately
outside the liver (Fig. 2D). Division of the liver paren-
chyma can be performed by several techniques, e.g., the
finger fracture technique with subsequent ligation of
blood vessels and bile ducts.

4.1.2 Right Hepatectomy

The most common variant in arterial anatomy is
replacement of the right hepatic artery by a branch of
the superior mesenteric artery. For right-sided liver
tumors, preoperative angiography or MR angiography
is therefore valuable. For right hepatectomy, the right
hepatic vein can be controlled outside the liver (Fig. 2B).
It is important to obtain control of the free edge of the
lesser omentum by clamping in order to prevent bleed-
ing. Inflow occlusion is established by the so-called
Pringle’s maneuver. The safe duration of total ischemia
of the liver at normothermia may exceed 1 hour but
can be lower with hepatic dysfunction. Therefore, the
shortest possible clamping should be used, since the
procedure is associated with intestinal congestion and
accumulation of metabolites. Intermittent clamping in
15-minute periods is usually advised (see Ref. 25).

4.1.3 Extended Right Lobe Resection

In some cases extended right lobe resections, leaving
only the two left liver segments, can be performed (Fig.
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2C). A residual liver less than 20–25% of the original
volume may lead to hepatic failure. One way to reduce
morbidity and mortality in these cases is to use preop-
erative portal embolization of the right liver lobes
carrying the lesions. This procedure induces hyper-
trophy of the intact left liver during a 4- to 6-week
period, so the planned resection can be safely performed
(26).

4.1.4 Metastasectomy

Metastasectomy of multiple lesions usually requires
intermittent clamping of inflow vessels, incision by
diathermy, and blunt dissection. To obtain good cyto-

reduction the principles of anatomical resection, wedge
resection, and metastasectomy are often combined. Di-
vision of the liver parenchyma often includes the use of
an ultrasonic surgical aspirator, which destroys the
parenchyma without damaging the biliary and vascular
structures and allows accurate placement of ligatures/
clips. Also, the harmonic scalpel, or hydrojet devices,
can be used. All of these techniques facilitate bloodless
resections. To minimize oozing from the cut surface,
techniques to assist hemostasis can be used, e.g., rapid-
setting fibrin glue or an argon beam coagulator. The
operative mortality for elective liver surgery must be
kept low. In most series figures of<5% are reported
(25). Prophylactic use of antibiotics has reduced infec-

Figure 2 (A) Segmental anatomy of the liver: (B) right hepatectomy; (C) extended right lobe resection; (D) left hepatectomy.
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tious complications. The morbidity is more frequently
associated with sepsis than with bleeding.

4.2 Results of Liver Surgery

Over the last decade very active surgery has become
increasingly more common as primary treatment of
low-grade NE tumors (WDEC) and their metastases.
Curative liver surgery (i.e., no gross residual tumor)
should be considered for all patients with resectable dis-
ease, since this is the only long-term effective strategy
(27). Palliative liver surgery can be considered for some
patients with slow tumor growth and severe hormonal
symptoms. Palliative liver resections are generally per-
formed in patients in whom more than 90% of the
tumor volume can be safely excised (28,29). In clinical
series of patients withNE tumors some 10 years ago, the
liver resection rate with curative intent was low, about
10% (30,31). This was partly ascribed to the fact that the
tumors had diffuse spread in the liver at clinical pre-
sentation (30). In our own consecutive series of 64

patients with the midgut carcinoid syndrome and liver
metastases (Fig. 3), 14 patients (22%) with lesions
limited to the right or left liver lobes underwent inten-
tionally curative liver surgery and normalized their
tumor markers, i.e., chromogranin A in plasma and
urinary 5-HIAA (18). In more recent American and
French series (33–35) curative, or palliative, liver resec-
tions could be performed in as many as 40–50% of pa-
tients with NE tumors. In all the reported series at cen-
ters of expertise, the mortality was low (<5%) and the
complication rate below 30%.

One evident problem with an active liver surgery
program is that many resections are considered curative
at the time of surgery but later proven not to be. With
access to sensitive diagnostic tools (tumor-secreting
hormones, general NE tumor markers, octreotide scin-
tigraphy and SPECT, spiral CT and MRT) and careful
follow-up, subclinical disease can be discovered and
limited lesions re-resected (36). This strategy has been
successful in patients with NE tumors treated by liver
transplantation; in our own experience octreotide scin-

Figure 3 Kaplan-Meier survival analysis of 64 consecutive patients with the midgut carcinoid syndrome: (A) patients with sole
surgical treatment (primary surgery + liver surgery) (n= 14); (B) patients with bilateral liver tumors treated by primary surgery,

embolization and octreotide (n = 40); (C) patients with sole medical treatment (octreotide combined with chemotherapy/
interferon) after primary surgery due to complicating diseases (n = 10); (D) panel represents survival in the entire series.
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tigraphy and SPECT were superior to biochemical
markers from the recurrent tumor (37). If multiple liver
metastases recur, vascular interventions or ablative
treatments are at hand. In case there is no extrahepatic
disease, patients with nonresectable recurrent liver
tumors may be candidates for transplantation.

More than 10 years ago Norton et al. (38) reported
the outcome of very aggressive surgery in selected pa-
tients with advanced gastrinoma. They all underwent
major liver resections combined with other debulking
procedures at tumor progression, followed by chemo-
therapy. On a short-term basis good symptomatic re-
lief andmarkedly reduced tumormarkerswere seenwith
this strategy. Out of 42 consecutive patients with EPT
treated over a 10-year period at the NIH, 17 were re-
sected and 25 deemed inoperable and medically treated
(33). There seemed to be a 5-year survival advantage in
the surgically treated group (79%) versus the medically
treated group (28%) in this selected series. There was
no operative mortality, but the tumor recurred in all
surgically treated patients within 8 years. On the other
hand, such delay of the tumor growth with a long
medication-free interval, also observed for midgut car-
cinoids (18), is a major therapeutic advantage in itself.
Mc Entee et al. (29) from the Mayo Clinic reported en-
couraging results in 1990 in 37 patients (carcinoids or
EPT) treated with liver resection. The early series in-
cluded 17 curative resections (9 patients had hormonal
symptoms); 8 were completely relieved of symptoms
and 5 of these were alive after 2 years without evidence
of disease. Twenty patients underwent palliative resec-
tions (16 patients had hormonal symptoms); 8 experi-
enced symptom relief and 5 were alive after one year.
In a later review from the Mayo Clinic (34) 74 patients
with metastatic NE tumors had undergone liver resec-
tion (41 patients had midgut carcinoids). The 4-year
survival was 73%, even though nearly two thirds of the
procedures were palliative. There were no differences
in survival between patients with curative or palliative
procedures. Symptomatic response to liver resection
was seen in 90% with a mean duration of response of
almost 20 months. Resection of large (>10 cm) domi-
nant lesions was clearly related to symptom relief and
reduction of tumor markers. The role of resection for
enhanced survival has still not been proven in random-
ized studies.

4.3 Vascular Interventions

Markowitz in 1952 (39)] first proposed hepatic vascular
interventions as therapeutic procedures. The rationale
for ischemic treatment of NE tumors of the liver is their
main blood and oxygen supply from the hepatic artery

(40–42) with maintained portal perfusion of the normal
liver parenchyma. Ischemia can be achieved by several
techniques directed against the hepatic artery: ligation,
selective embolization, or temporary occlusion. The
methods differ in completeness, distribution, and dura-
tion of ischemia (43).

4.3.1 Ligation

Ligation of the hepatic artery was clinically introduced
more than 30 years ago (41). It has been largely aban-
doned due to difficulties in obtaining adequate ischemia
(due to the rich collateral blood supply to the liver) and
consequently short-term palliation (<6 m), significant
mortality in patients with advanced disease, and re-
stricted possibilities for repeat vascular interventions
(42).

4.3.2 Selective Embolization

Selective embolization of the hepatic arteries causes a
temporary but complete ischemia, since the arterial tree
distal to the point of injection is filled with embolization
material (45). Contraindications are tumor burden
exceeding 50%of the liver volume, occlusion of the por-
tal vein, hyperbilirubinemia, and persistently elevated
liver enzymes. Relative contraindications are contrast
allergy, coagulopathies, extrahepatic tumor dominance,
or poor performance status of the patient (46). In our
experience patients with tumor volumes exceeding 50%
can safely undergo this type of treatment using titrated
superselective embolizations well separated in time (in-
tervals of 2–4 weeks). A similar strategy can be followed
for patients with previous hemihepatectomy and recur-
rent tumors in the residual liver. Immediately before em-
bolization an arteriogram is performed to demonstrate
the arterial anatomy, tumor blood flow, and patency of
the portal vein (Fig. 4) (47,48). Both absorbable and
nonabsorbable embolization materials have been used,
e.g., gelfoam powder and alcohol-Ivalon particles (46,
49). The need to maintain an open route for repeat pro-
cedures excludes the choice of steel coils in the proximal
arterial segment. Aiming at complete ischemia of long
duration efforts have been directed toward smaller
permanent emboli to obtain a good peripheral ischemia
without passage into the liver sinusoids (45,50).

4.3.3 Chemoembolization

Chemoembolization is embolization combined with
liver-targeted intra-arterial administration of chemo-
therapy. Hajarizadeh et al. (51) found symptomatic
improvement to 5-FU in carcinoid patients with a mean
duration of 2 years associated with significant tumor
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regression in half of the patients. Up to 72% sustained
tumor control has been reported for advanced NE
tumors using repeat treatment and other cytotoxic
drugs (doxorubicin, mitomycin C, and cisplatinum)
(52–54). Pronounced tumor regression has been
reported with a modified embolization procedure using
iodized oil, doxorubicin, and gelfoam particles (54). The
relative merits of chemoembolization versus selective
embolization await further studies.

4.3.4 Radioembolization

Pilot series have been performed using so-called radio-
embolization; i.e., microspheres labeledwith the h-emit-
ter 90Y were used as embolization material. Since tumor
arterioles are much wider than those supplying the nor-
mal parenchyma, deposition of labeled microspheres
resulted in threefold higher radiation exposure in tumor
than in normal liver tissue (55). A minor part (<5%) of
the activity delivered reached the lungs due toAV shunt-
ing in the liver. Unresolved problems are exact dosim-
etry, which requires good estimates of tumor volume,

and nonhomogeneous distribution of microspheres.
Furthermore, radiation-induced damage may lead to
necrotic areas with redistribution of microspheres.

4.3.5 Temporary Occlusion

Some centers have reported good symptom palliation
related to biochemical and clinical tumor responses
in patients with the midgut carcinoid syndrome using
temporary occlusion of the hepatic artery via external
vessel loops (positioned during surgery) and repeat
periods of applied ischemia (56). For long-term treat-
ment, temporary occlusion can be applied via a port-
operated tourniquet around the hepatic artery. A com-
bination of peripheral embolization and temporary
proximal occlusion can have additive effects in ther-
apy-resistant cases.

4.3.6 Clinical Response to Liver Ischemia

Hepatic arterial embolization is accompanied by liver
pain, transient elevation of liver enzymes, nausea, and

Figure 4 Arteriogram in a patient with midgut carcinoid and liver metastases before (left) and 10 minutes after embolization

(right).
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usually a late fever reaction (24–48 hr). Embolization
may lead to serious complications in individual patients
(gallbladder ischemia, pancreatitis, liver abscess, vascu-
lar damage and aneurysm formation, hepatorenal syn-
drome, and hormonal crises). The mortality in the
major series is<5%, which should serve as a quality
standard (46). To minimize adverse reactions, several
precautions can be undertaken, which include first of all
an experienced interventional radiologist, but also the
use of co-axial catheter systems for superselective cath-
eterization with low risk of vascular damage, prophy-
lactic use of octreotide, cholecystectomy at time of
primary surgery (to eliminate the risk for gallbladder
perforation), intravenous hydration, and hemodynamic
monitoring to reduce the risk for development of the
hepatorenal syndrome (9,43).

Tomonitor the outcome of ischemic therapy, CT and
biochemical tumor markers are used. According to our
follow-up schedule these investigations are compared
with preoperative results in the outpatient clinic 1
month after completion of embolization therapy (18).
It would be a therapeutic advantage if the response to
ischemia could be followed closer to embolization. For
this purpose we have tried to develop better monitoring
systems. We observed general tumor regression in indi-
vidual patients subjected to unilateral embolization
indicating activation of systemic antitumor effects,
e.g., activation of natural killer (NK) cells (57). In one
series responsive patients developed rapid lymphocyto-
sis with predominance ofNK cells; in vitro the cytotoxic
activity of isolated lymphocytes from these patients
increased shortly after embolization. The observed early
immunological responses closely correlated with late
monitoring of therapeutic effects (58). MR-spectros-
copy of liver tumors before and shortly after emboliza-
tion with regard to energy-rich phosphates may give
information on the degree of ischemia and is under
investigation.

4.4 Results of Ischemic Treatment

The result of ischemic treatment of liver metastases is
obviously dependent on stage of the disease. Coupe et
al. (59) reported a series of 63 consecutive carcinoid
patients with advanced stage, of whom 30 were embol-
ized for palliation. The survival after angiography, or
angiography and embolization, was similar in both
groups. Mitty et al. (60) reported long-term follow-up
of 18 patients treated with embolization with prolonga-
tion of the expected survival by 2 years. Carrasco et al.
(50) treated 25 patients with the carcinoid syndrome.
The vast majority of patients showed both biochemical

responses and tumor regression with an average dura-
tion of one year.Marlink et al. (61) introducd a different
protocol for embolization in patients with severe symp-
toms; two successive embolizations were performed
within one week leading to rapid symptom palliation.
In our own study patients with midgut carcinoids were
embolized in two settings onemonth apart after primary
surgery (resection of primary tumor, optimal surgical
reduction of extrahepatic disease, and prophylactic
cholecystectomy) (18). Our 40 patients could be divided
into two equally large groups: responders with more
than 50% tumor reduction and pronounced reduction
of 5-HIAA excretion (80%) and nonresponders with
less than 50% tumor reduction and amoderate 5-HIAA
reduction (30%) with clear survival advantage in the
former group. The overall long-term results of emboli-
zation showed 60% survival at 5 years (Fig. 3). In a
Norwegian study of patients with the midgut carcinoid
syndrome, the response rate to interferon (IFN) was
twice as high in patients subjected to prior emboliza-
tion indicating additive effects. It should be noted that
IFN is a potent enhancer of NK cell cytotoxicity (62).
In a recent multicenter study of the midgut carcinoid
syndrome, the patients were stratified according to 5-
HIAA levels (more or less than 500 Amol/24 hr) and
presence, or not, of valvular heart disease. After pri-
mary surgery, the tumors of the liver were treated by
embolization and thereafter the patients were random-
ized to treatment with octreotide alone, or in combina-
tion with IFN. There was no survival advantage for
combined medical treatment versus octreotide alone,
but the time to tumor progression was significantly pro-
longed for patients treated with the combination of
drugs (63). Moertel et al. (42) treated 111 patients with
liver metastases of NE tumors ischemically and contin-
ued with systemic chemotherapy (doxorubicin, dacar-
bazine, streptozotocin, and 5-FU sequentially) in 71
patients. The study was not randomized, but still indi-
cated additive effect between ischemic and medical
treatment with enhanced median survival time (from
27 to 49 months).

Reviewing our first 94 embolizations in patients with
the midgut carcinoid syndrome, we met with the follow-
ing complications: three patients occluded the main
hepatic artery (one hepatic abscess), but all had excel-
lent symptom relief. One patient developed an aneu-
rysm of the hepatic artery after the first embolization
and a fatal hepatorenal syndrome after the second
procedure. These complications together with one case
of pancreatitis were all seen among the first 11 emboli-
zations before the introduction of a coaxial catheter
system. At the subsequent 83 embolizations only two
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minor complications were seen (transient renal insuffi-
ciency and cardiac arrythmia).

4.5 Intraoperative Procedures

4.5.1 Radioguided Surgery

Taking advantage of the high expression of somatosta-
tin receptors (SSTR) by several NE tumors, attempts to
develop radioguided surgery using a hand-held scintil-
lation detector after preoperative injection of radio-
labeled somatostatin analogues have been evaluated.
The indications for radioguided surgery would be recur-
rent tumors in regions not easily investigated by other
methods (e.g., neck metastases ofMTC, carcinoids, and
EPT), small EPT (e.g., the MEN-1 syndrome), and as
control of adequate tumor removal (e.g., residual carci-
noid metastases in the mesenteric root after lymph node
dissection). Promising results have been reported, but
scintillation detection is clearly not sensitive enough
to detect microscopic tumor growth or microadenomas
(64).

4.5.2 Regional Hyperthermia

At advanced stage of histamine- or CA-producing tu-
mors, ischemic liver treatment is potentially dangerous
due to uncontrollable release of tumor products. In
individual patients with the foregut carcinoid syndrome
we have used cytotoxic drugs (melphalan and cisplati-
num) delivered by regional hyperthermic liver perfu-
sion. During perfusion the venous effluent from the
liver with vasoactive substances was shunted from the
systemic circulation, thus avoiding vasomotor effects.
Cytostatic perfusion of the isolated liver with simulta-
neous filtration of portal vein blood and a maintained
systemic circulation were made possible by a special
perfusion catheter inserted in the cava. The surgical
technique involves isolation of the hepatic artery, portal
vein, and cava inferior and superior to the liver together
with a temporary portocaval shunt that allows blood
flow rates to be maintained in both the hepatic artery
and portal vessels (65). Repeat hyperthermic perfusion
can be difficult to perform due to intense fibrotic re-
action of the vessels used for perfusion.

4.5.3 Local Ablation

In elderly patients or patients with progressive tumors
after previous treatment, percutaneous alcohol injec-
tions into isolated liver lesions can be performed (66).
The volume of individual metastases is estimated ultra-
sonographically and the lesions are injected with equal
volumes of absolute alcohol. During injection the

lesions develop high echogenicity. With repeat injec-
tions marked symptom palliation related to reduced
tumor markers and proven tumor necrosis can be
achieved. Alternatively, the tumor can be destroyed by
cryosurgical techniques, which also have the advantage
that multiple lesions can be treated at a single session.
The cellular damage is caused by intra- and extracellular
crystal formation, dehydration, and vascular damage
(67). Cryosurgery is less effective close to large vessels
(‘‘heatsink’’) and should not be used for large tumors
due to risk for coagulopathies, respiratory distress
syndrome, and acute renal failure. Cryoprobes can be
equipped with intraoperative ultrasound for tumor
localization. Modern cryoprobes can destroy tumors
deep in the liver without damaging the normal overlying
parenchyma. In short series good symptomatic relief
has been reported (68,69). Metastatic liver tumors can
also be treated by interstitial laser or most recently by
radiofrequency ablation (70–72), causing selective ther-
mocoagulation. Lesions close to large vessels can usu-
ally be treated, since the vessels are protected by cooling
due to blood stream effects. These techniques can be
used intraoperatively or percutaneously. Ultrasound is
usually the imaging guidance, but open thermosensi-
tive MR systems for monitoring of coagulative effects
are being developed (73). These local ablative tech-
niques can be used as complement to liver resection
(Fig. 1) or for recurrent tumors in the residual liver
after resection.

5 FUTURE TECHNIQUES

5.1 SSTR-Targeted Radiotherapy

This is a recent approach to deliver localized radio-
therapy. Since NE tumors frequently express high num-
bers of SSTR (mainly SSTR2 and 5with high affinity for
octreotide, which is the basis for octreotide scintigra-
phy) and internalize these receptors after ligand bind-
ing, the radiopharmaceutical will accumulate in the
tumor cells (74). The first attempts were made by i.v.
injections of therapeutic amounts of the diagnostic
substance DTPA-D-Phe1-octreotide (75). 111Indium is
a low-energy h-emitter with Auger electrons and the
observed therapeutic effects were modest. Therefore,
the high-energy h-emitter 90Y was complex bound to
90Y-DOTA-D-Phe1, Tyr3-octreotide in order to reach
tumoricidal radiation. In preliminary series individual
patients have been reported with significant tumor
regression, or stable disease, after multiple treatments
(76). Adverse effects can be seen mainly from the bone
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marrow and kidneys. We have used this type of therapy
(177Lu-DOTA-Tyr3-octreotate) as complement to a
carcinoid patient with liver transplant and extrahepatic
nonresectable recurrent tumors, which led to stable dis-
ease and markedly reduced tumor markers 6 months
after completion of radiotherapy.

5.2 Imatinib (ST1571)

Inhibition of intracellular signaling from tyrosine
kinases associated with certain proteins/receptors by
this drug is a novel therapeutic principle of great
promise in certain diseases as chronic myeloid leukemia
(chimeric BCR-ABL protein with tyrosin kinase activ-
ity) and gastrointestinal stroma cell (GIST) tumors
(constitutive activation of tyrosine kinase from the c-
kit receptor) (77). Similar tyrosine kinases are also
associated with platelet-derived growth factor (PDGF)
receptors. Digestive NE tumors may express PDGF
subtypes and their receptors on both tumor cells and
surrounding stroma (78). In preliminary studies such
patients have been treated with imatinib, leading to
antitumor effects. If the treatment is proven effective
as in GIST tumors, the surgical treatment should be
timed with optimal tumor regression in order to avoid
too aggressive cytoreduction.
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1 INTRODUCTION

The clinical management of metastatic neuroendocrine
tumors necessitates a multimodal approach, including
surgery and other means of cytoreductive treatment,
radiotherapy, andmedical treatment. Surgery and other
forms of cytoreduction have been dealt with in previous
chapter, therefore this chapter will concentrate on ra-
diotherapy and medical treatment of neuroendocrine
gastroentero-pancreatic (GEP) tumors (1,2). The long-
term natural history of neuroendocrine GEP tumors is
not known because until recently an effective treatment
for patients with functional syndromes did not exist and
therefore patients often died of complications of hor-
monal excess rather than from the tumor per se (3,4). In
a study of 212 patients with Zollinger-Ellison syndrome
(ZES), 31% had died at a mean follow-up of almost
14 years. Only half of these deaths were due to tumor
progression, particularly in bone and liver, and to ec-
topic ACTH production (4). In a recent large study in-
volving 185 patients with ZES, the 10-year survival rate
was not significantly different among patients in whom
no tumor was found and patients with tumors that
were completely resected, and patients in whom tumors
were resected without biochemical cure (84%, 96%, and
93%, respectively) (5). However, in patients with unre-

sectable disease, the 10-year survival rate was only 30%
(5). This study demonstrates that development of meta-
static liver disease is the primary determinant of survival
in patients with ZES. In patients with malignant carci-
noid disease and the classical carcinoid syndrome, the 5-
year survival rate was 20% and the median survival
from time of diagnosis was only 2 years two decades ago
(6,7). However, today, when a more aggressive cyto-
reduction is performed combined with medical treat-
ment such as somatostatin analogues and a-interferons,
the median survival has significantly increased more
than 5 years from start of treatment (8). Nevertheless, a
majority of patients with neuroendocrine GEP tumors
present with metastatic disease at the time of diagnosis;
therefore, surgery and other means of cytoreductive
treatment is seldom curative, indicating a need formedi-
cal treatment in a significant number of patients (9–11).
The evaluation of medical treatment has been difficult
because a large number of studies of medical therapy
include small numbers of patients, mixing together en-
docrine pancreatic tumors, bronchial carcinoids, and
intestinal carcinoids. Many studies do not take into
account differences in biological behavior between clas-
sical midgut carcinoids, bronchial carcinoids, and endo-
crine pancreatic tumors. Very few randomized trials of
medical therapy have been published to date. In addi-
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tion, many clinicians are still reluctant to treat patients
with neuroendocrine GEP tumors with no or limited
clinical symptoms, because they have been assumed to
have a good prognosis. Today there is no medical
treatment for bulky metastatic disease that cures the
patient. However, the quality of life for patients with
functioning tumors has been significantly improved by
the introduction of biological treatment, particularly
somatostatin analogues and interferon-a (IFN-a).

2 RADIOTHERAPY

External radiotherapy has limited value in the treatment
of patients with malignant neuroendocrine GEP
tumors. Today, this kind of therapy is mainly used for
treatment of brain metastases and pain related to bone
metastases. In these two situations, long-lasting pallia-
tion can be obtained by using this technique (12).

Tumor-targeted radioactive treatment has been per-
formed over recent years initially using 131I-MIBG
(meta-iodo-benzylguanidine). The objective response
rates of MIBG therapy have been limited with symp-
tomatic improvement in 30–40% of patients and bio-
chemical responses in 7–10% (13). This kind of treat-
ment has been recently updated by a group from the
Netherlands with long experience of MIBG therapy in
carcinoids. The authors showed that predosing with
nonradiolabeled MIBG resulted in improved targeting
of 131I-MIBGwith a prolonged palliation and biochem-
ical response in the patients (14). This finding was
further supported by preclinical data in BON-1, neuro-
endocrine cells xenografted to nude mice that predosing
with cold MIBG increased tumor to nontumor radio-
activity rates by two-, to threefold. Targeted radiother-
apy is not an option in patients with negative or weakly
positive MIBG scintigraphy. However, nonradiola-
beled MIBG might enhance uptake in patients with
low initial uptake (14).

A majority of neuroendocrine GEP tumors, both
intestinal carcinoids and endocrine pancreatic tumors,
express high-affinity somatostatin receptors. Amajority
of endocrine pancreatic tumors, with the exception of
insulinomas, express receptor subtypes 2 and 5 (sst2 and
sst5) in high numbers and with high affinity. Classical
midgut carcinoids also express the same subset of
somatostatin receptors. Tumor-targeted treatment with
radioactive somatostatin analogues (111In-DTPA-
octreotide, 90Y-DOTA-octreotide) has been developed
during recent years (15–17). In a recent study, 41 pa-
tients with neuroendocrine tumors were subjected to

treatment with 90Y-DOTA-TOC, a h-emitting radio-
nuclide based on octreotide. It binds to somatostatin
receptors 2 and 5, and the radioactivity is then internal-
ized into the tumor cell and transported to the cell
nucleus. The treatment consisted of four intraveneous
injections of a total of 6,000 MBq/m2 of 90Y-DOTA-
TOC, administered at 6-week intervals (18). The overall
response rate was 24%. For endocrine pancreatic
tumors, the response rate was 36%. Complete remis-
sions were found in 2%, partial remission in 22%, and
minor responses in 12%. The median follow-up was 15
months. The median duration of response was not
reached at 26 months, and the 2-year survival rate was
76% for all neuroendocrine tumors and 83% for endo-
crine pancreatic tumors. Patients suffering from the
carcinoid syndrome achieved a significant reduction of
symptoms, and the treatment was well tolerated. Side
effects included grade III cytopenia in 5% and vomiting
shortly after injection in 23%. No grade III or IV renal
toxicity was observed. The first attempts with somato-
statin analogue–based tumor-targeted treatment were
made by injection of therapeutic amounts of the diag-
nostic substance 111In-DTPA-D-Phe-octreotide (15,16).
111Indium is a low-energy h-emittor with Auger elec-
trons, and the observed therapeutic effects were modest.
It did not include significant tumor reductions but
merely reduction of clinical symptoms. Therefore, the
high-energy h-emittor 90ytrium, which is complex
bound to DOTA-D-Phe-Tyr3-octreotide, is a step for-
ward. This compound is now evaluated in several phase
II studies in different neuroendocrine tumors. One dose-
limiting problem with this kind of treatment is kidney
toxicity, but infusion of amino acids is now used to re-
duce the renal peptide reabsorption. Patients receiving
cytotoxic treatment prior to radioactive treatment and
with low bone marrow reserve are also a therapeutic
challenge (19). Early clinical trials with other isotopes,
such as 177lutetium, has started, where this compound is
bound to DOTA-octreotate. This compound is both g-
and h-emitting and demonstrates similar side effects as
90Y-DOTA-octreotide treatment. No results have so far
been published. It has also been suggested that a com-
bination of 90Y-DOTA-octreotide and 177lutetium-
DOTA-octreotate might be of value in the treatment
of patients with multiple metastases of different size
because of different capacity for these isotopes to pen-
etrate into the tumor. The benefit of this combination
has to be demonstrated in forthcoming clinical trials.
The precise role of tumor-targeted radioactive somato-
statin analogue treatment should be defined in random-
ized clinical trials.
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3 MEDICAL TREATMENT

The management of clinical symptoms related to malig-
nant neuroendocrine GEP tumors has improved signifi-
cantly over the last decades. The introduction of proton
pump inhibitors has facilitated the management of pa-
tients with neuroendocrine pancreatic tumors secreting
gastrin and presenting with ZES. Today most patients
with ZES and hypersecretion of acid are clinically con-
trolled by these kinds of medication. There are very few
patients dying of bleeding gastric ulcers today (20). The
management of the carcinoid syndrome has been a ther-
apeutic challenge over the years. In earlier days, seroto-
nin inhibitors such asmethysergide, cyproheptadin, and
ketanserin were used to reduce the symptoms of flushing
and diarrhea (21,22). Today, all these substances are re-
placed by treatment with somatostatin analogues (23).
If the patient only presents with diarrhea related to a
carcinoid tumor, loperamide or ondansetron can con-
trol these symptoms. A combination of histamine H1
andH2 receptor antagonist is effective in patients with a
carcinoid syndrome that is caused by gastric or bron-
chial carcinoids secreting histamine (24). Prednisone in
doses of 20 mg/day gives occasional relief in some cases
with severe flushing.

Somatostatin analogues (octreotide, lanreotide) are
effective at relieving symptoms and decreasing hormone
levels when self-administered every 6–12 hours subcu-
taneously in patients with the carcinoid syndrome
(23,25). Today, long-acting formulations of both com-
pounds are available, which have significantly im-
proved quality of life for patients with symptomatic
neuroendocrine GEP tumors (see below). In a signifi-
cant number of patients with malignant neuroendocrine
GEP tumors, medical treatment can control the clinical
symptoms for many years but is not curative. The
antitumor medical therapy includes combinations of
different agents, such as cytotoxic agents, a-interferons,
and somatostatin analogues. Such combinations can
be used from the start of treatment in patients with
significant clinical symptoms but can be added consec-
utively during the course of disease when one type of
treatment is failing.

3.1 Chemotherapy

Chemotherapy has been considered the gold standard
for treatment of most neuroendocrine GEP tumors.
However, it has usually been reported with variable
criteria for assessing antitumor responses and in a
limited number of patients. Cytotoxic treatment is

today used predominantly in patients with tumors that
show high proliferative capacity and large tumor bur-
den. That means that the proliferation index analyzed
by the antibody Ki-67 (MIB-1) should be above 5%.
Chemotherapy has shown the most benefit in high pro-
liferating tumors such as malignant endocrine pancre-
atic tumors and bronchial carcinoids. Classical midgut
carcinoid with low proliferating capacity (Ki-67 usu-
ally<2%) has not demonstrated any advantage of
regular cytotoxic treatment (1, 2, 8, 26–29). Streptozo-
tocin-based therapy in combination with fluorouracil
and doxorubicin is the most widely applied cytotoxic
treatment for neuroendocrine tumors. However, a large
variety of different cytotoxic agents has been tried in
endocrine pancreatic tumors as well as in classical car-
cinoids (Tables 1,2) (26–42). It has been suggested that
functioning tumors, such as gastrin, insulin, and VIP-
secreting tumors, respond better to cytotoxic treatment
than non-functioning tumors, but that has not been
found in larger studies (41–43). It has also been sug-
gested that dacarbazine (DTIC) might be more effective
in patients with glucagon-producing tumors than other
types of tumors. That has not been confirmed when
compiling data from different studies. It is difficult to
predict the therapeutic outcome only from tumor type
and hormone secretion. The therapeutic decisions
should be based on tumor biology parameters such as
proliferation capacity, angio-invasion, and metastatic
spread. Streptozotocin (STZ), a glucose-nitrosourea
compound, originally derived from a Streptomyces spe-
cies, has been in clinical use since 1967 (44). In pre-
clinical studies it was found to have cytotoxic effect on
rat pancreatic islet cells and has been used in combina-
tion with other agents. The current first-line regimens
for most types of endocrine pancreatic tumors is a com-
bination of streptozotocin +5-fluorouracil (5-FU) or
doxorubicin. In one study where streptozotocin + dox-
orubicin was compared with streptozotocin +5-fluo-
rouracil and chlorozotocin alone, the response rates
were 69%, 65%, and 30%, respectively, and the median
duration of response was 18 months for doxorubicin
combination and 14 months for the 5-FU combination
and 17 months for the chlorozotocin group (42). Sur-
vival for patients treated with the doxorubicin combi-
nation was significantly longer. Streptozotocin alone
generated response rates of 20–40%. There is still a
debate as to whether the combination of streptozotocin
with doxorubicin is better than with 5-FU.At our center
we usually start with 5-FU, because a combination of
streptozotocin and 5-FU can be used for long-term
treatment as there are no upper limit in terms of total
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dose or time span—only toxicity is dose limiting. Dox-
orubicin should only be used to a total dose of 550 mg/
m2, which reduces the time course of therapy. Today
liposomal encapsulated doxorubicin (CaelixR) is ap-
plied in phase II trials in patients with endocrine pan-
creatic tumors. Clinical results are not ready at the
moment, but the side effects seems to be lower than
with standard doxorubicin. The main side effects with a

combination of streptozotocin and doxorubicin are im-
paired kidney function, reduced bone marrow reserve,
and decreased liver function (44). All of these side effects
can be managed by dose reduction and prolongation of
the interval between given doses. One therapy-limiting
side effect of streptozotocin has been nausea and vomit-
ing, which is solved today by efficient antiemetic treat-
ment (ondansetron).

Table 1 Cytotoxic Therapy for Carcinoids

Drug Dose, regimen
No. of
patients (%)

Median
duration
(months)

Single agents

Doxorubicin (Dox) 60 mg/m2 q 3�4w 81 21 6
5-FU 500 mg/ m2/d � 5 d q 5 w 30 17–26 3
Streptozotocin (STZ) 500–1500 mg/m2/d � 5d q 3�5 w 14 0–17 2

Dacarbazine (DTIC) 250 mg/m2/d � 5d q 4�5 w 15 13 4.5
Cisplatin 45–90 mg/m2 q 3�4 w 16 6 4.5

Combination
Streptozotocin STZ 500 mg/m2/d � 5 q 3�6 w 175 7–33 3–7

+5 FU 5 FU 400 mg/m2/d � 5 q 3�6 w
Streptozotocin STZ 1000 mg/m2/w for 4 w 10 40 5
+doxorubicin DOX 25 mg/m2/w then q 2 w

Streptozotocin STZ 500 mg/m2/d q 6 w 24 39 6.5
+cyclophosphamide (CTX) CTX 100 mg/m2 once q 3 w
Etoposide Etop. 130 mg/m2/d � 3 d 13 0 —

+cisplatin Cispl 45 mg/m2/d d 2 and
3 cycle q 4 w

Table 2 Cytotoxic Therapy for Endocrine Pancreatic Tumors

Patients
Objective

response (%)

Median

duration
(months)

Single agents
Streptozotocin STZ 158 7–26 6–12

Etoposide 6 0
Doxorubicin (DOX) 20 20 3–9
Carboplatin 9 0

Chlorozotocin (CZT) 46 33–53 6–15
Dacarbazine (DTIC) 11 9 3
Tubercidin 6 33 3

Combination
Streptozotocin + doxorubicin 41 20–69 9–24
Streptozotocin + 5-FU 125 5–68 6–36

Chlorozotocin + 5-FU 44 32 6–18
Etoposide + cisplatin 14 14 3–12
Streptozotocin + doxorubicin+5-FU 45 42 9–24
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In patients failing streptozotocin +5-FU or doxo-
rubicin, a combination of cisplatinum + etoposide has
shown benefit (45). It has been particularly useful in
patients with anaplastic neuroendocrine tumors. In
one study a response rate of 67% was obtained for
anaplastic tumors but only 14% for low proliferating
tumors such as classical carcinoids (45). In a recent
study using high-dose paclitaxel in patients with ad-
vanced neuroendocrine tumors (46), the patients re-
ceived continuous infusion of paclitaxel for 24 hours
at the dose of 250mg/m2 every 3 weeks plus filgrastim to
reduce the negative effects on the bone marrow. The
overall response rate was only 8%, and the hematolog-
ical toxicity was significant, with 12 patients developing
grade IV toxicity. It is quite obvious that paclitaxel
given as high-dose treatment is not of benefit for pa-
tients with neuroendocrine tumors.

No general agreement has been reached as to when,
or even if, chemotherapy should be started in patients
with malignant carcinoids. Classical midgut carcinoid
with low proliferation capacity (in general<2%) has
shown little benefit from cytotoxic treatment (2,26–33,
36,45). Single-agent treatment and combinations of
various cytotoxic agents have only generated response
rates of 0–30%, lasting for 3–7 months. The side effects
have been significant; therefore, chemotherapy should
be reserved for carcinoid tumors showing high prolif-
erative capacity, mostly in advanced stages of disease
where patients have shown progression on treatment
with somatostatin analogues and/or IFN-a.

In summary, cytotoxic treatment has demonstrated
beneficial value in patients with high proliferating tu-
mors such as malignant endocrine pancreatic tumors
and bronchial carcinoids. It should not be used as first-
line treatment in patients with classical midgut carci-
noids with low proliferation capacity.

3.2 Chemoembolization

Hepatic artery occlusion with chemotherapy or chemo-
embolization may be more effective than embolization
alone (47). In one large study, the percentage of patients
who had tumor regression after hepatic artery ligation
alone was similar to that for patients receiving chemo-
embolization [treatment with DTIC and doxorubicin
alternating with streptozotocin and 5-FU (67% vs.
69%, respectively)] (47). However, the duration of re-
sponse was only 4 months for ligation alone compared
to 18 months for the combination. In recent studies
involving chemoembolization (embolization combined
with doxorubicin or with 5-FU, DTIC, cisplatinum,
mitomycin, or streptozotocin), a decrease in tumor size

was seen in 33–100% of patients (48–53). In one study,
47% of patients survived 2 years after embolization
(median survival 17 months) (54). In another study the
median survival time was 15months (49). Interferon has
been compared with and without hepatic artery embo-
lization (42 patients with metastatic carcinoid tumors).
At one year, 82% with embolization plus IFN-a had
stable disease or decrease in metastases, compared with
64% for those treated with IFN-a alone (55). Emboli-
zation combined with interferon caused a significantly
higher rate of tumor shrinkage than embolization alone
in this study but did not prolong survival.

3.3 Biotherapy

Most patients presenting with malignant midgut carci-
noid receive no benefit from cytotoxic treatment. The
development of biological therapy during the last two
decades has significantly improved quality of life and
survival in patients with classical midgut carcinoids.
Biological treatment, such as somatostatin analogues
and a-interferons, has demonstrated significant clinical
effects in patients with low proliferating tumors. In
general they are improving clinical symptoms in 50–
70% of the patients with significant reduction of circu-
lating hormone levels in 40–60%. Both agents control
the disease but do not cure, and significant tumor
reduction is seen in only 5–15% of patients. However,
both somatostatin analogues and a-interferons have a
tumorostatic effect, with stabilization of the disease in
60–80% of the patients over long periods of time (30–60
months).

3.3.1 Somatostatin Analogues

Native somatostatin reduces symptoms in patients with
various neuroendocrine tumors. However, its use is
limited by a short half-life (2.5 min) (56,57). In 1984,
the first somatostatin analogue, octreotide, was tested in
a phase II study in patients with carcinoid syndrome
and also endocrine pancreatic tumors with glucago-
noma or Verner-Morrison syndrome. This synthetic
analogue has a half-life of 90 minutes and can be
administered every 6–12 hours (58,59). Another syn-
thetic long-acting somatostatin analogue, lanreotide,
with a similar efficacy as octreotide was later introduced
(60,61). These compounds are now considered drugs of
choice for control of symptoms and hormone secretion
in patients with the carcinoid syndrome as well as symp-
toms in patients with endocrine pancreatic tumors such
as glucagonoma and VIP’ oma (62–70). Somatostatin
and somatostatin analogues have direct inhibitory ef-
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fects on tumor cells, reducing the release of humoral
agents such as serotonin, tachykinins, glucagon, and
VIP (67). Moreover, they block the peripheral effects of
such agents on target cells for these factors, thereby
improving clinical symptoms (66,67). Furthermore, so-
matostatin analogues have demonstrated direct antitu-
mor effects on tumor cells with blocking of cell cycle in
G1-S phase, reducing growth factor and growth factor
receptor expression, and at high doses they induce apop-
tosis (71,72). Somatostatin analogues have also been
ascribed an antiangiogenic effect (73). There are at the
moment five cloned somatostatin receptors, SST1–5,
and neuroendocrine GEP tumors express all five sub-
types of somatostatin receptors (74–77). The current
available somatostatin analogues bind with high affinity
to somatostatin receptor types 2 and 5 (67). Receptor
subtype 2 mediates a direct antitumor effect on the cells
as well as inhibiting release of hormones and other
factors (71). Signaling through receptor subtype 5
receptor mediates natrium/potassium fluxes and also
inhibits MAP kinases (71). The signal transduction
pathway through the five subtypes of somatostatin
receptors is complicated since different somatostatin
receptor subtypes can form homo- and heterodimers,
where for example receptor subtype 1 dimerizes with
subtype 5, thus modulating the intracellular signaling
system (78). Sustained released preparation of somato-
statin analogues have been developed to facilitate the
treatment. These include the monthly octreotide-LAR
(long-acting release) and biweekly lanreotide-SR (sus-
tained-released) formulations (79,80). With octreotide-
LAR (30mg/month), a plasma level of 1 ng/mL ormore
is maintained for 4 weeks, which would require three or

four injections per day of the nonsustained release form
(79).

Side effects of somatostatin analogue therapy include
gallstone formation, steatorrhea, and deterioration of
glucose tolerance (67,81). The incidence of gallstones in
patients treated long-term with octreotide has varied
from 5 to 80%. Although a high frequency of gallstones
and ‘‘sludge’’ has been reported, a limited number of
patients present with symptomatic disease requiring
surgical treatment (81).

The clinical results of treatment with somatostatin
analogues in patients with neuroendocrine tumors are
summarized in Table 3. Octreotide and/or lanreotide at
regular doses (200–600 Ag/day) induce subjective and
biochemical responses in about 50–65% of the patients,
but only 5% of the patients show a significant tumor
reduction.More important is the stabilization of the dis-
ease in 30–60% of the patients, which lasts a median of
3 years. High-dose treatment (>3,000 Ag/day of octreo-
tide or up to 12 mg of lanreotide/day) has given some-
what greater tumor reduction (10–12%) but not better
biochemical or subjective responses (61,80,82,83). Both
octreotide and lanreotide are available in sustained-
release formulations, where 20–30 mg once a month of
octreotide-LAR or 30 mg of lanreotide-SR biweekly
give similar biochemical, subjective, and tumor re-
sponses as regular somatostatin. Although both octreo-
tide and lanreotide bind to the same receptor subtypes
2 and 5, a study from Italy indicates that in 15 patients
with gut carcinoids or endocrine pancreatic tumors
resistant to lanreotide, treatment with octreotide 20 mg
every 4 weeks for a median of 8 months resulted in re-
mission in one patient and stable disease in six (84). This

Table 3 Neuroendocrine Tumors: Somatostatin Analogue Therapya

Standard dose High dose Slow release
Response (100–1500 Ag/d) (>3000 Ag/d) (20–30 mg/2–4weeks)

Symptomatic n (%) 146/228 (64) 11/26 (42) 76/119 (63)

Biochemical n (%)
CR 6/54 (11) 1/33 (3) 3/119 (3)
PR 116/211 (55) 24/83 (72) 76/119 (64)
SD NS 7/33 (21) 21/119 (18)

PD NS 1/33 (3) 19/119 (15)
Tumor n (%)
CR — 1/53 (2) —

PR 7/131 (5) 6/53 (11) 4/119 (3)
SD 50/38 (38) 25/53 (47) 94/119 (79)
PD 74/131 (56) 21/51 (39) 21/119 (18)

a Summary of several trials.

CR = complete response; PR = partial response.
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indicates that a patient developing resistance to one so-
matostatin analogue might benefit from another. One
problem with somatostatin analogue treatment is the
development of resistance (tachyphylaxis) after a me-
dian of 9–12 months of continuous treatment (66–68).
The mechanism of resistance is not known at the mo-
ment. The number of somatostatin receptors seems to
be unchanged, but intracellular signaling might have
been altered.

Somatostatin receptor subtype–specific analogues as
well as ‘‘pan’’ receptor analogues seeing all the five
subtypes of somatostatin receptors have been devel-
oped. A ‘‘pan’’ receptor analogue might be beneficial in
the treatment of neuroendocrine tumors since the same
tumor can express different subtypes of somatostatin
receptors within different areas of the tumor and also
show different receptor expression in various locations
of metastases. There are planned trials with a new so-
matostatin analogue, SOM-230, binding with the same
affinity as natural somatostatin in patients with neuro-
endocrine tumors.

3.3.2 IFN-a

Treatment with IFN-a of patients with carcinoid tu-
mors started in the 1980s because of its ability to
stimulate natural killer cell function and control hor-
mone secretion, clinical symptoms, and tumor growth
(85). Since then more than 500 patients have been re-
ported in the literature to have been treated with IFN-a
(85–95). Today, only recombinant IFN-a is used: IFN-
a 2a (RoferonR) and IFN-a 2b (Intron-AR). Doses of
IFN-a used were 3–9MU subcutaneously 3–7 times per
week. More recently, pegylated IFN-a (PEG-Intron-
AR) has come into clinical use at doses of 50–100 Ag
subcutaneously once a week. The tolerance for pegy-

lated IFN-a is said to be better than for regular IFN-a.
The dose must be individually titrated per patient, and
as a guideline the leukocyte count may be reduced to 3.0
� 109/L provided that the patient can tolerate the dose.
The biochemical response rate in one large study in
patients with carcinoid tumors was reported to be 50%,
with significant tumor reduction in 15% (86,92). The
median duration of response was 32 months, and 35%
of patients showed stabilization of their disease with no
additional tumor growth. Survival data from our own
center and from others showed improved survival after
treatment with IFN-a in malignant midgut tumors with
the carcinoid syndrome (35). The median survival for
patients with malignant carcinoid and liver metastases
in our institution is longer than 6 years during contin-
uous biotherapy (unpublished). In addition, in patients
with low proliferating endocrine pancreatic tumors a
response rate of 50% lasting for longer than 2 years was
obtained (96). Table 4 shows data from clinical trials
with IFN-a. High-dose IFN-a therapy generates sig-
nificant side effects (89,93).

The mechanism of action of IFN-a is thought to be a
direct effect on the tumor cells, but also triggering of the
immune system. It is known to inhibit the cell cycle in
the G1- to S-phase in carcinoid tumor cells and reduce
the production of growth factor or growth factor recep-
tors and other agents secreted by tumor cells. It is also
known to induce class I antigens on the cell surface and
thereby attract various response cells of the immune
system. It is also assumed that IFN-a has an antiangio-
genic effect, which has been explored in children treated
for multiple hemangiomas (96–103).

Interferon has been combined with cytotoxic agents
or somatostatin analogues. Interferon-a combined with
streptozotocin and doxorubicin did not generate more
objective reponses than IFN-a alone (96,104). In a

Table 4 Therapy with IFN-a in Patients with Midgut Carcinoids

Patient no. Bronchial response Subjective response Tumor volume response

29a PR 13/25 (53%) 21/29 (72%) PR 3/29 (10%)
9/25 (36%) SD 25/29 (86%)

27b PR 9/23 (39%) 65% PR 4/20 (20%)

16 SR 1/6 (16%) PR 0/16
SD 3/6 (50%) 4/5 (50%) SD 10/15 (66%)

14 PR 4/9 (44%) 55% PR 0/16
13 PR 1/13 (8%) PR 1/13 (8%)

SD 4/13 (31%) 50% SD 10/13 (77%)

a Natural leukocyte IFN-a 6 MU � VII/w s.c.
b High-dose IFN-a2a 24 MU/m2 � VII/w s.c.

PR = partial response.
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group of patients resistant to the somatostatin analogue
octreotide at doses up to 600 Ag/day, the addition of
IFN-a (median 5MU3 times/week) generated biochem-
ical responses in 77%of the patients with 18% complete
biochemical remission. However, no significant tumor
reduction was seen in this trial (105). The theoretical
basis for using the combination of these two compounds
is based on in vitro and in vivo studies in BON-1 cells,
which are neuroendocrine differentiated cells. The com-
bination of octreotide and IFN-a causes significant
growth inhibition compared with single agents (101).
In another recent study from our own group in malig-
nant endocrine pancreatic tumors resistant to IFN-a,
somatostatin analogue, or cytotoxic treatment, the com-
bination of IFN-a and octreotide generated 35% objec-
tive tumor reduction and 50% biochemical responses
(unpublished). These data are supported by recent pub-
lication from aGerman group showing tumor reduction
in 50% of patients receiving the combination of IFN-a
and somatostatin analogue (106).

The adverse effects of IFN-a treatment include
mainly flu-like symptoms for the initial 3–4 days,which
can be managed by acetaminophen or aspirin. A more
severe adverse reaction is the chronic fatigue syndrome
that occurs in approximately 50% of the patients and
sometimes also produces mental depression (92).
Another adverse reaction is induction of the autoim-
mune phenomenon with development of antinuclear
thyroid auto-antibodies and occasionally thyroid dys-
function (107). Neutralizing antibodies to recombinant
IFN-a might develop, which abrogate the antitumor
response (92,104).

Interferon-a treatment should be used in low prolif-
erating tumors (Ki-67<5%)with limited tumor burden
such as classical midgut carcinoid, where it has shown
an antitumor effect. A trial of adjuvant treatment with
IFN-a after surgery with a curative intent is underway
to explore whether IFN-a can prevent the development
of metastatic disease later on. Furthermore, the anti-
angiogenic effect should be further explored in neuro-
endocrine tumors, which are often highly vascularized
neoplasms. Combination trials with IFN-a and endo-
statin or angiostatin might be of value. The combina-
tion of IFN-a and somatostatin analogue have
demonstrated beneficial value in terms of efficacy and
quality of life.

3.4 New Compounds

Inhibition of the intracellular signal from tyrosine
kinases is associated with certain proteins/receptors by

a drug called STI-571, Imatinib, GlivecR, a novel ther-
apeutic agent of great promise in certain diseases such as
chronic myeloid leukemia and gastrointestinal stromal
cell (GIST) tumors (108). GIST tumors present con-
stitutive activation of tyrosine kinase from the c-kit
receptor. Similar tyrosine kinase activations are also
associated with the platelet-derived growth factor
(PDGF-a/h) receptor. Neuroendocrine tumors may
express PDGF receptor subtypes and ligands on both
tumor cells and surrounding stroma (109). In prelimi-
nary studies, patients have been treated with STI-571
leading to antitumor effects. The precise role of this
treatment as single agent or in combination with cyto-
toxic agents has yet to be proven in forthcoming trials.
Another interesting new compound is a rapamycin
analogue called RAD-001, which blocks signal trans-
duction through the m-TOR pathway (110). Clinical
trials with this compounds as single agents or in combi-
nation with cytotoxic agents are planned.
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28. Öberg K. The use of chemotherapy in the management

of neuroendocrine tumours. Endocrinol Metab Clin
North Am 1993; 22:941–942.

29. Moertel CG, Hanley JA. Combination chemotherapy

trials in metastatic carcinoid tumor and the malignant
carcinoid syndrome. Cancer Clin Trials 1979; 2:327–
334. OBS! Två ref 28.
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HTERT, 125
Human telomerase reverse transcriptase

(hTERT), 125
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Hurthle cell, 62
adenoma

galactin-3, 125
pathology, 86

carcinoma, 67
galactin-3, 125

variant papillary thyroid cancer, 164
Hyalinizing trabecular tumor
pathology, 86

Hydrophilic hormones, 2
21-hydroxylase deficiency, 306
Hyperaldosteronemia
classification, 403–408
diagnosis, 405–406
management, 403–408

Hyperaldosteronism
adrenal glands

computed tomography, 340
Hypercalcemia
differential diagnosis, 214–215

Hypercalcitoninemia, 146–147
Hyperfunctioning adrenal carcinoma
adrenal cortex

scintigraphic imaging, 363–364
Hyperinsulinism, 543
neonate, 539–543

clinical presentation, 539
earlier series, 542–543
management, 539–540
operative approach, 541–542
pathological basis, 539

Hyperparathyroidism
MEN 1, 585–588
MEN 2, 600
primary. see Primary

hyperparathyroidism
SPECT, 232–233

Hyperthermia
regional

neuroendocrine tumors, 680
Hyperthyroidism, 101–112
vs. Graves disease, 27–28
mediastinal goiter, 135

Hypertrichosis lanuginosa (malignant
down), 51

Hypertrophic pulmonary
osteoarthropathy (HPOA), 51

Hypocalcemia, 72
hyperparathyroidism surgery,

257–258
Hypoglycemia
insulinomas, 526

Hypoparathyroidism
differentiated thyroid cancer

thyroidectomy, 71–72
Hypothalamic-pituitary axis, 76
Cushing’s syndrome, 387

Hypothalamic-pituitary unit, 23–24

Ileum
carcinoid tumor, 622–623

Iliac muscle, 479

Iliac space, 479
Imatinib
neuroendocrine tumors, 681

Immunochemistry
anaplastic thyroid carcinoma,

195–196
Immunosuppression
neuroendocrine tumors
liver transplantation, 663

Inappropriate secretion of antidiuretic
hormone, 49

Incidentalomas
adrenal. see Adrenal incidentalomas
retroperitoneoscopic adrenalectomy,

480
Indium-111 octreotide, 369
adrenal medullary tumors, 370
pheochromocytomas, 433

Indium-111 pentetreotide
carcinoid tumor, 632

Inferior parathyroid gland, 203, 246
location, 65

Inferior petrosal sinus (IPS), 17
hypoplastic, 19
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sampling
Cushing’s syndrome, 385

sampling ACTH levels, 18
Inferior thyroid artery, 203
location, 66

Inherited pheochromocytoma, 603
Initial surgery
differentiated thyroid cancer (DTC),

169–175
Insular thyroid cancer
differentiated thyroid cancer (DTC),

165
Insulinoma, 525–535
arterial angiography, 529
benign solitary
pathology, 531

biochemical assays, 526–527
clinical features, 525–526
computed tomography, 528
demographics, 525
hepatic venous sampling, 529–530
history, 525
intraoperative ultrasound, 528–529
localization, 527–531
invasive, 528–531
noninvasive, 527–528

magnetic resonance imaging, 511–
512, 528

malignant
pathology, 532

MEN 1, 590
surgery, 590–592

multiple
MEN 1, 531–532

pancreas
computed tomography, 501
ultrasonography, 496

[Insulinoma]
pancreatic
first removal, 11

pathology, 487, 531–532
physiology and pathophysiology,

526
positron emission tomography, 528
somatostatin receptor scintigraphy,

528
surgery, 532–535
complications, 535
enucleation, 533–534
exploration, 532–533
left-sided pancreatic resection, 534
minimally invasive, 534–535
postoperative management, 535
pylorus-preserving
pancreaticoduodenectomy, 534

resection, 533
syndrome, 647
transabdominal ultrasound, 528
transhepatic portal venous sampling,

530
treatment, 532

Insulin receptor substrate (IRS), 4
Interferon-alpha

carcinoid tumor, 652
neuroendocrine gastrointestinal

tumors, 691–692
with octreotide
carcinoid tumor, 652

Intestinal pseudoobstruction, 51
Intracellular receptors, 2, 5–7

classes, 6
structure, 7

Intraoperative ultrasound
carcinoid tumor, 630
insulinomas, 528–529

Intratracheal thyroid
ectopic thyroid, 90

Invasive fibrous thyroiditis, 89
Invasive follicular carcinoma, 93–94
Iodide

thyroid hormone function, 75–76
Iodine

Graves disease, 105
123iodine, 119
131iodine, 119
children
differentiated thyroid cancer
(DTC), 181–182

Iodomethyl-19-norcholesterol (NP-59),
360

Ion channel-coupled receptors, 3, 5
IPS. see Inferior petrosal sinus
Ipsilateral lobectomy

differentiated thyroid cancer (DTC),
170–171

IRMA assay, 214
IRS, 4
Islet cell tumors, 488

histological section, 489
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[Islet cell tumors]
immunohistochemical stain, 490
nonfunctioning, 500
pancreatic. see Pancreatic islet cell

tumors
pathology, 487
ultrasonography, 496–498

liver metastases, 497
Whipple’s procedure, 488

Jackson-Pratt drain, 138
Jejunum
carcinoid tumor, 622–623

Ketoconazole
Cushing’s syndrome, 30

Kidney stone disease
hyperparathyroidism, 219

Kocher’s maneuver, 532

Labetalol
pheochromocytomas, 431

Lahey Clinic
thyroid cancer prognostic system,

61
Lanreotide
carcinoid tumor, 651
neuroendocrine gastrointestinal

tumors, 687
Laparoscopic adrenalectomy
bilateral, 465–466
Cushing’s syndrome, 387
incidental adrenal mass, 472
lesion size, 472
vs. open adrenalectomy, 471
pheochromocytomas, 473
retroperitoneal approach

disadvantages, 472
robot-assisted, 14–15
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approach, 473
transabdominal anterior approach,

465
transabdominal lateral approach,

461–474
indications, 461–462
malignancy controversy, 470
operative technique, 462–466
postoperative care, 464–467
results, 467–470

Laparoscopic hook, 575
Laparoscopic pancreatectomy
hand-assisted

pancreatic islet cell tumors, 575
Laparoscopic partial adrenalectomy,

466
Laparoscopic ultrasonography, 470
Laparoscopy
history, 12
pancreatic islet cell tumors, 571–583
probe, 573
robot-assisted, 12

Large cell neuroendocrine carcinomas
(LCNEC), 41

pathology, 43
Laryngoscopy
mediastinal goiter, 135

Lateroconal fascia, 480
LCNEC, 41
pathology, 43

LDDST
Cushing’s syndrome, 382–385

Left adrenalectomy
open anterior transperitoneal

approach, 455
retroperitoneal lateral approach, 453

Left adrenal vein, 451
Left laparoscopic adrenalectomy
transabdominal lateral approach,

462–464
Levothyroxine suppression therapy,

125
LH
adenomas, 27–28

Lichen amyloidosis
cutaneous
MEN 2A, 601

Li-Fraumeni syndrome, 412, 605–606
Lingual thyroid
ectopic thyroid, 90

Lipochrome, 451
Lipophilic hormones, 2
Lisch nodules, 431
Liver
carcinoid tumor, 627–628
radioembolization, 653

venous sampling
insulinomas, 529–530

Liver metastases
carcinoid tumor
resection, 650

Liver transplantation
carcinoid tumor, 650
neuroendocrine tumors, 659–666

Local ablation
neuroendocrine tumors, 680

Loperamide
neuroendocrine gastrointestinal

tumors, 687
Loss-of-function mutations, 3, 4
Low-dose dexamethasone suppression

test (LDDST)
Cushing’s syndrome, 382–385

Lumbar retroperitoneum, 479
Lumbar space, 480
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carcinoid tumor, 632

Lymph node surgery
differentiated thyroid cancer (DTC),

173–174
Lymphoma
adrenal tumors
magnetic resonance imaging, 353

Hashimoto’s thyroiditis, 87–88

Macroadenomas, 24
Magnetic resonance imaging

adrenal incidentalomas, 415
adrenal tumors, 343–354
carcinoid tumor, 629
cortical carcinoma, 390
hyperparathyroidism
reoperation, 269–270

insulinomas, 528
mediastinal goiter, 135
neuroendocrine pancreatic tumors,

503–516
nodular thyroid disease, 121
parathyroid gland, 221
pheochromocytomas, 433

Malignant insulinomas
pathology, 532

Malignant pheochromocytomas, 440
Malignant thyroid neoplasia, 91–92
MAO

biochemical assays, 549
Marie-Bamberger syndrome, 51
Maximal acid output (MAO)

biochemical assays, 549
Mayo Clinic

thyroid cancer prognostic system, 61
McCune-Albright syndrome, 412
MDCT, 335
Meckel’s diverticulum

carcinoid tumor, 624–625
Mediastinal goiter, 133–139

anesthesia, 138–139
computed tomography, 135
defined, 133–134
diagnosis, 135
esophageal symptoms, 134
hyperthyroidism, 135
laryngoscopy, 135
magnetic resonance imaging, 135
malignancy, 135
pathology, 135–136
respiratory symptoms, 134
sternotomy, 138
surgery, 136–138
complications, 139

symptoms, 134–135
thoracic approach, 138
thyroid scanning, 135
with tracheal deviation, 134
ultrasound, 135
vascular obstruction, 134–135

Mediastinal parathyroid adenoma,
273–275

Mediastinal thyroid
ectopic thyroid, 90–91

Medullary thyroid carcinoma (MTC),
118, 141–152

calcitonin, 145–147
CEA, 145–147
fine needle aspiration, 149
genetics, 141–144
hereditary syndromes, 141–144
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MEN 2, 598–600
octreotide scintigraphy, 150
pathology, 94–95, 144–145
preoperative diagnosis, 149

MEN-2B, 149
sporadic, 149

preoperative workup, 149–150
prognosis, 147–148
risk factors, 147–148
stage

postoperative survival, 148
surgery, 150–151
treatment, 151–152
tumor markers, 145–147

Medullary tumors
adrenal

radionuclide imaging, 369–374
MELD, 665
Memorial Sloan-Kettering Cancer

Center
thyroid cancer prognostic system,
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MEN, 583–606
MEN1. see Multiple endocrine

neoplasia type 1 (MEN1)
MEN2. see Multiple endocrine

neoplasia type 2 (MEN2)
MEN2A, 144
cutaneous lichen amyloidosis, 601
Hirschsprung’s disease, 601

MEN2B, 142, 601
Meta-iodobenzylguanidine (MIBG),

369
adrenal medullary tumors

radioiodinated, 369
pancreatic endocrine tumors

radiolabeled, 523
pheochromocytomas, 433

Metastases
adrenal tumors

magnetic resonance imaging,
351

Metastatic adrenal pheochromocytoma,
322

Metastatic pheochromocytoma
bone scintigraphy, 372

Methimazole
Graves disease, 104

Metoclopramide
aldosterone, 402

MIBG. see Meta-iodobenzylguanidine
MIBI, 119
Microadenomas, 24
Middle thyroid vein
division, 64, 65

Mineralocorticoid dependency
children, 403

Minimally invasive adrenalectomy, 14
Minimally invasive follicular adenomas
pathology, 85–86

Minimally invasive follicular
carcinoma, 92–93

Minimally invasive parathyroidectomy,
293–295

advantages, 294–295
complications, 293–294
feasibility, 293
safety, 293–294

Minimally invasive surgery, 12
hyperparathyroidism, 258–259
insulinomas, 534–535

Minimally invasive video-assisted
thyroidectomy, 209

complications, 211–212
indications, 209–210
preoperative diagnosis, 211
results, 210–211
technique, 210

Minocycline
adverse effects, 86

Mitotane
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Multiple endocrine neoplasia (MEN),

583–606
Multiple endocrine neoplasia type 1
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clinical features, 585
foregut-derived carcinoids, 594
gastrinomas, 501, 546, 589–590
genetics, 585
glucagonoma, 590
hyperparathyroidism, 585–588
surgery, 585–588

insulinomas, 590
multiple, 531–532

nonfunctioning tumors, 590
pancreas and duodenum, 588–594
pancreatic endocrine tumors, 487
pancreaticoduodenal tumors
surgery, 590–593

parathyroid carcinoma, 280
pituitary lesions, 594
screening, 595
vasoactive intestinal peptideoma

(VIPoma), 590
Multiple endocrine neoplasia type 2

(MEN2), 118, 141–142,
595–602

genetics, 596–597
hereditary pheochromocytomas,

437–438
hyperparathyroidism, 600
medullary thyroid cancer (MTC),

598–600
parathyroid carcinoma, 280
pheochromocytomas, 597–598

Multiple endocrine neoplasia type 2A
(MEN2A), 144

cutaneous lichen amyloidosis, 601
Hirschsprung’s disease, 601

Multiple endocrine neoplasia type 2B
(MEN2B), 142, 601

Multiple insulinomas
MEN 1
pathology, 531–532

Myelolipoma
adrenal glands
computed tomography, 340
magnetic resonance imaging, 351
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Needlescopic adrenalectomy, 466
Negative feedback, 1
Neonate

hyperinsulinism, 539–543
clinical presentation, 539
earlier series, 542–543
management, 539–540
operative approach, 541–542
pathological basis, 539

Nesidioblastosis
adult, 532
agonal respirations, 543

Neuroblastoma, 323–324
Homer-Wright rosettes, 323–324
MIBG imaging, 374
octreotide imaging
prognostic value, 374

radionuclide imaging
intraoperative probe localization,
374

therapeutic response, 374
Neurocutaneous syndromes

hereditary pheochromocytomas,
438

Neuroendocrine gastrointestinal tumors
biotherapy, 689–690
chemoembolization, 689
chemotherapy, 687–688
interferon-alpha, 691–692
medical management, 685–692
radiotherapy, 686
somatostatin analogues, 689–691

Neuroendocrine gut biology
carcinoid tumor, 615–616

Neuroendocrine lung, 37–52
Neuroendocrine markers

pulmonary neuroendocrine
tumors(PNT), 44, 46

Neuroendocrine pancreatic tumors
magnetic resonance imaging,

503–516
magnetic resonance imaging

differential diagnosis, 514–515
future, 515

metastases, 509–511
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[Neuroendocrine pancreatic tumors]
non-MEN inherited neoplastic
syndromes, 514
normal, 504–507
principles, 503–504
von Hippel-Lindau, 514

pathology, 487
Neuroendocrine tumors, 488
classification, 660–661
cytoreduction, 671–681

interventional treatment liver
metastases, 674–680
preoperative, 672
surgery of locoregional disease,
672–674

dense core vesicles, 38
future techniques, 680–681
hormones, 660–661
liver metastases

ablative techniques, 664
assessment, 661–662
chemoembolization, 664
ischemic treatment results,
679–680
liver resection, 663–664
liver transplantation, 664–665
medical therapy, 663
preoperative procedures, 680
vascular interventions, 677–679

liver resection, 674–676
extended right lobe, 674–675
left hepatectomy, 674
metastasectomy, 675–676
results, 676–677
right hepatectomy, 674

liver transplantation, 659–666
experience, 665–666

pancreas
computed tomography, 500–501

Neurotransmitters
biosynthesis, 311

NF 1, 603
cutaneous, 431
hereditary pheochromocytomas, 438

Nodular thyroid disease, 115–127
computed tomography, 121
evaluation, 116–119
fine needle aspiration, 121–125

false-positive, 124
single-person ultrasound-guided,
123

history, 118
intraoperative pathological

evaluation, 125–127
magnetic resonance imaging, 121
parathyroid gland, 239
radionuclide scanning, 119
ultrasonography, 119–121

Nonfunctioning adrenal cortical
nodule/adenoma, 317

Nonfunctioning incidental adrenal
cortical adenoma, 318

Nonfunctioning islet cell tumors
vs. pancreatic duct cancer
somatostatin receptor scintigraphy,
522

Nongastrinoma pancreatic
neuroendocrine tumors

prognosis, 557
treatment, 554–555

Noonan syndrome, 606
NP-59, 360

Obesity
retroperitoneoscopic adrenalectomy,

481
OctreoScan. see Somatostatin

receptor scintigraphy
Octreotide
carcinoid crisis, 631
carcinoid syndrome, 631
carcinoid tumor, 631–632, 651
gastrinomas, 555
hyperinsulinism
neonate, 540–541

with interferon-alpha
carcinoid tumor, 652

neuroblastoma, 374
neuroendocrine gastrointestinal

tumors, 687
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neuroendocrine gastrointestinal

tumors, 687
Open adrenalectomy, 451–455
vs. laparoscopic adrenalectomy, 471
open anterior transperitoneal

approach, 453–455
retroperitoneal lateral approach,

451–453
surgical anatomy, 451

Open anterior transperitoneal
approach

heterotopic autotransplantation,
455

Open pancreatic surgery, 563–568
anatomy, 563
central pancreatectomy, 564–568
distal pancreatectomy, 564
pancreas mobilization, 563
tumor enucleation, 563–564

Open thyroidectomy
history, 11

Operative space preparation
minimally invasive video-assisted

thyroidectomy, 210
Ophthalmopathy
radioiodine, 106

Oral phosphate
hyperparathyroidism, 224

Oral salt loading test
primary aldosteronism, 406

Orthostatic hypotension, 51
Oxyphilic variant papillary thyroid

cancer, 164

Pancreas
anatomy, 499, 563
blood supply, 563
carcinoid tumor, 628–629
ultrasonography, 496

computed tomography, 499–501
imaging technique, 499–500
neuroendocrine tumors, 500–501
normal, 336, 500

exposure and mobilization
pancreatic islet cell tumors,
572–573

insulinomas
ultrasonography, 496

MEN 1, 588–594
mobilization
open pancreatic surgery, 563

small cell carcinomas (SCC), 492
ultrasonography, 495–498
islet cell tumors, 496–498
normal, 495
scanning technique, 495–496

Pancreatectomy
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open pancreatic surgery, 564–568

hand-assisted laparoscopic
pancreatic islet cell tumors, 575

Pancreatic carcinoma
vs. pancreatic neuroendocrine tumors
magnetic resonance imaging, 514

Pancreatic cysts
vs. pancreatic neuroendocrine tumors
magnetic resonance imaging, 514

Pancreatic duct
anatomy, 499
cancer
vs. nonfunctioning islet cell tumors,
522

Pancreatic endocrine tumors
pathology, 487–492
positron emission tomography, 523
radiolabeled MIBG imaging, 523
radionuclide imaging, 519–523
somatostatin receptor scintigraphy,

519–521
vs. bone scintigraphy, 523
vs. conventional imaging, 521

Pancreatic gastrinoma
ultrastructural photomicrograph, 490

Pancreatic insulinoma
first removal, 11

Pancreatic islet cell tumors
laparoscopy, 571–583
complications, 575–576
distal pancreatectomy with
splenectomy, 573–574

distal pancreatectomy with splenic
preservation, 574

hand-assisted pancreatectomy,
575

literature review, 578–580
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[Pancreatic islet cell tumors]
pancreas exposure and
mobilization, 572–573
postoperative care, 575
preoperative, 572
technique, 572–580
tumor enucleation, 574–575

removal indications, 571–572
Pancreatic neuroendocrine tumor
histological section, 489
immunohistochemical stain, 490
metastatic

lymph node, 491
Whipple’s procedure, 488

Pancreaticoduodenectomy
pylorus-preserving

insulinomas, 534
Pancreatic pseudocysts
vs. pancreatic neuroendocrine tumors

magnetic resonance imaging, 514
Pancreatic small cell carcinoma, 491
Pancreatic surgery
open, 563–568

Papillary and follicular thyroid cancer.
see Differentiated thyroid cancer
(DTC)

Papillary carcinoma, 61, 124
frozen sections, 96

Papillary microcarcinoma
differentiated thyroid cancer (DTC)

therapy, 161
Papillary thyroid cancer
columnar cell variant, 163
diagnosis, pathobiology, 91–92
diffuse follicular variant, 163
diffuse sclerosing variant, 164
follicular variant, 163
vs. Graves disease, 88
with Hashimoto’s thyroiditis, 88
oxyphilic variant, 164
solid variant, 164
tall cell variant, 163
trabecular variant, 164

Paragangliomas
retroperitoneoscopic adrenalectomy,

481
Paraganglioma syndrome, 603
Parathyroid adenomas, 232, 248
endoscopic parathyroidectomy,

292
mediastinal, 273–275
MRI, 253

Parathyroid carcinoma, 249–250,
279–286

chemotherapy, 285
clinical presentation, 281–283
defined, 279
demographic features, 279
diagnosis, 283
epidemiology, 279–280
etiology, 281
follow-up, 286

[Parathyroid carcinoma]
hypercalcemic crisis, 285
imaging, 282–283
incidence, 279
laboratory tests, 282
natural history, 283
outcome, 286
pathogenesis, 281
prevalence, 279
prognosis, 285–286
radiation therapy, 285
risk factors, 279–281
signs and symptoms, 281–282
surgery, 283–285
treatment, 283–285

Parathyroidectomy
endoscopic. see Endoscopic

parathyroidectomy
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MEN 1, 585–586
parathyroid gland hyperplasia, 254

total
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254–255

video-assisted
primary hyperparathyroidism,
297–302

Parathyroid glands
abnormal
imaging, 221

biopsy, 249
calcium homeostasis regulation,

212–214
cellular structure, 248
computed tomography, 221
dissection, 202–203
embryology, 243–245
enlarged
ultrasonography, 237–239

hyperplasia, 248, 253–255
vs. adenoma, 248–249
subtotal parathyroidectomy, 254
total parathyroidectomy and
autotransplantation, 254–255

inferior, 203, 246
location, 65

magnetic resonance imaging, 221
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conservative vs. aggressive
approach, 255–256
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ultrasonography, 239–240
single photon emission computed

tomography, 221
superior, 245–246
surgery
history, 11

surgical anatomy, 245–246
surgical pathology, 246–250
technetium-99m sestamibi, 221
ultrasound, 221

Parathyroid hormone (PTH), 213, 214
PDEC, 671
Pemberton’s sign, 134
Pentagastrin test, 94, 152
Peptides, 615
PET. see Positron emission tomography
PET imaging

adrenal cortex, 365
Phenoxybenzamine, 435
Pheochromocytoma

inherited, 603
Pheochromocytomas, 429–446

adrenal, 321–323
adrenal glands
computed tomography, 339–340

adrenal tumors
magnetic resonance imaging,
349–350

biochemical diagnosis, 431–432
clinical manifestations, 430–431
computed tomography, 432–433
extra-adrenal, 438–440
hereditary, 437–438
historical landmarks, 430
indium-111 labeled octreotide

scanning, 433
laparoscopic adrenalectomy, 473
localization through imaging,

432–434
magnetic resonance imaging, 433
malignant, 440
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MIBG, 433
perioperative management, 434–437
ambulatory, 434–435
in-hospital preparation, 435–436
intraoperative, 436
surgical approaches, 436–437

personal experience, 441–447
complications, 443
demographics, 441
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441

laboratory evaluation, 441
localization, 441–442
operative procedures and findings,
442

outcome, 443
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postoperative care, 442–443
pre- and intra-operative
management, 442

symptoms, 441
pregnancy, 440–441
prevalence and distribution, 430
radionuclide imaging
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diagnostic accuracy, 371–372
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Phosphatidylinositol 3-kinase (PI3K), 4
Phospholipase C-gamma

(PLC-gamma), 4
PHTrPoma
syndrome, 647

PI3K, 4
Pituitary-dependent hypercortisolism,

17
Pituitary gland
localization by imaging

Cushing’s syndrome, 385–386
Pituitary lesions
MEN 1, 594

Pituitary surgery
endoscopic

Cushing’s syndrome, 30–31
Pituitary-thyroid axis
serum TSH, 80

Pituitary tumors, 23–31
neurosurgery, 24–25
selective venous sampling, 17–21

anticoagulation, 18
complications, 21
false-negative results, 20–21
inferior petrosal sinus
catheterization, 19
jugular vein catheterization, 18–19
procedure, 19–20
sampling technique, 18–21

Plasma aldosterone to PRA (ARR),
405

Plasma membrane receptors, 2, 3–5
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PLC-gamma, 4
PNET, 41
PNT. see Pulmonary neuroendocrine

tumors
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carcinoma (PDEC), 671
Portal venous sampling
carcinoid tumor, 630

Positive feedback, 1
Positron emission tomography (PET)
carcinoid tumor, 629
gastrinomas, 552–553
insulinomas, 528
pancreatic endocrine tumors, 523

Postoperative hemorrhage
differentiated thyroid cancer

thyroidectomy, 70–71
Posttreatment whole body scans
differentiated thyroid cancer (DTC),

177–178
Potassium
aldosterone, 402

PPoma
syndrome, 647

Pregnancy
pheochromocytomas, 440–441
thyroidectomy

differentiated thyroid cancer
(DTC), 175

Preneoplastic neuroendocrine
proliferations, 44–45

Primary adrenal hyperplasia, 407
Primary adrenal insufficiency
laboratory findings, 307

Primary aldosteronism, 401–408
adrenal cortex
scintigraphic imaging, 364

classification, 404
confirmatory tests, 406
diagnosis, 406
prevalence, 403–404
treatment, 407–408
variants, 407

Primary hyperparathyroidism, 213–225
biochemical features, 217
clinical course, 221–224
endoscopic approach, 261
epidemiology, 215–216
hypercalcemia following surgery, 266
hyperparathyroidism, 219
limited access surgery
future, 261–262

minimally invasive surgery, 258–259
technique, 261

molecular pathogenesis, 217
nonsurgical approaches, 224–225
pathology, 217–218
persistent or recurrent
nonoperative approach, 271
surgery, 271–275
treatment indications, 266–267

preoperative localization, 251–252
reoperation, 265–275
computed tomography, 270
invasive localizing procedures,
270–271

magnetic resonance imaging,
269–270

morbidity, 275
noninvasive localizing studies,
269–270

success, 275
ultrasonography, 269

sestamibi scintigraphy, 231–240
silent thyroid malignancies, 219
SPECT, 232–233
surgery, 243–262, 253
assessment, 267–268
complications, 257–258
exploration, 256–257
indications, 220–221, 250–251
localization following failed,
268–269

natural course, 223–224
technique, 256

ultrasonography, 231–240
unilateral surgery, 260–261
video-assisted parathyroidectomy,

297–302
contraindications, 301
lateral approach, 301

[Primary hyperparathyroidism]
patients and methods, 297–298
results, 299–300
technique, 298–299
trocars, 299

Primitive neuroectodermal tumor
(PNET), 41

Prolactin-secreting adenomas, 24–25
diagnosis, 24–25
signs and symptoms, 24
treatment, 25

Propylthiouracil
Graves disease, 104

Proton pump inhibitors
gastrinomas, 555

Provocative angiography
carcinoid tumor, 630

Provocative tests
insulinomas, 527
pheochromocytomas, 432

Pseudo-Cushing’s, 28
Psoas muscle, 479
PTH, 213, 214
Pulmonary epithelium

neuroendocrine cells, 40
Pulmonary neuroendocrine cell

innervated cluster, 39
solitary human, 38

Pulmonary neuroendocrine cell system
diseased lungs, 39–40
normal, 38–39

Pulmonary neuroendocrine tumors
(PNT), 40–45

classification, 41
neuroendocrine markers, 44, 46
paraneoplasia mechanisms, 47–48
paraneoplastic phenomena, 48–52
cutaneous changes, 49–51
endocrine disturbances, 48–49
neurological phenomena, 51–52
osteoarticular effects, 51

pathology, 41–44
secretory products, 46–47
serum markers, 45–47

Pylorus-preserving pancreaticoduode-
nectomy

insulinomas, 534

Race
gastrointestinal tract
endocrine tumors, 643–644

RAD-001, 692
Radiation therapy

gastrinomas, 555–556
parathyroid carcinoma, 285

Radioembolization
neuroendocrine tumors, 678

Radiofrequency ablation
neuroendocrine liver metastases,
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Radioguided intraoperative probe

localization
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[Radioguided intraoperative probe
localization]

somatostatin receptor scintigraphy,
521

Radioguided surgery
neuroendocrine tumors, 680

Radioiodinated meta-iodobenzylguani-
dine (MIBG)

adrenal medullary tumors, 369
Radioiodine
complications, 105–106
Graves disease, 105
ophthalmopathy, 106
toxic nodules, 112

Radioiodine scanning and uptake
testing, 82

Radiolabeled meta-iodobenzylguani-
dine (MIBG)

pancreatic endocrine tumors, 523
Radionuclide imaging
pancreatic endocrine tumors, 519–523

Radionuclide scanning
nodular thyroid disease, 119

Radiotherapy
anaplastic thyroid carcinoma, 198
cortical carcinoma, 393
neuroendocrine gastrointestinal

tumors, 686
Recombinant human thyroid

stimulating hormone
differentiated thyroid cancer (DTC),

177
Rectum
carcinoid tumor, 625–627

Recurrent laryngeal nerve, 203
differentiated thyroid cancer

thyroidectomy, 71
dissection, 202–203
endoscopic parathyroidectomy,

291–292
hyperparathyroidism surgery, 258
location, 65, 137
minimally invasive video-assisted

thyroidectomy, 210
Regional hyperthermia
neuroendocrine tumors, 680

Relative percentage of washout, 338
Renal arteries
anatomy, 451

Renal failure hyperparathyroidism, 253
parathyroid carcinoma, 281

Reoperation
MEN 1

hyperparathyroidism, 588
RET/GFR alpha receptor, 143
Retroperitoneal bronchogenic cyst
adrenal tumors

magnetic resonance imaging, 353
Retroperitoneoscopic adrenalectomy,

479–486
anatomy, 479–480
bilateral adrenalectomy, 481

[Retroperitoneoscopic adrenalectomy]
indications, 480–481
lateral decubitus position, 486
operative technique, 482–486
lateral approach, 482–485
posterior approach, 485–486

patient preparation, 482
preoperative workup, 481–482
prone decubitus position, 486

Retroperitoneum
anatomy, 479

Retropubic space, 479
Retzius space, 479
Riedel’s struma, 89
Riedel’s thyroiditis, 89
Right adrenalectomy
open anterior transperitoneal

approach, 454–455
retroperitoneal lateral approach,

451–453
Right adrenal vein, 451
Right laparoscopic adrenalectomy
transabdominal lateral approach,

464–465
Right thyroidectomy
cervical approach, 203
patient position, 202

Robot-assisted laparoscopic
adrenalectomy, 14–15

Robot-assisted laparoscopic surgery, 12
Robotic endocrine surgery, 11–15
history, 12–13

Robotic telemanipulators, 13

S-adenosylmethionine (SAME), 311
Saline infusion test
primary aldosteronism, 406

SAME, 311
SC
neurological phenomena, 51

SCC, 41
pancrease, 492
pathology, 43, 44

Scintigraphic imaging
adrenal cortex, 359–365

Se-75, 360
Secondary adrenal insufficiency, 307
Secondary hyperparathyroidism.

see Renal failure
hyperparathyroidism

Secretory products
pulmonary neuroendocrine

tumors(PNT), 46–47
Selective angiography
carcinoid tumor, 630

Selective venous sampling
pituitary tumors, 17–21

Selenium (Se-75), 360
Serine/threonine kinase receptors, 5
Serum molecular markers
adrenal incidentalomas, 414–415
gastrinomas, 551

[Serum molecular markers]
pulmonary neuroendocrine

tumors(PNT), 45–47
Serum thyroglobulin assay, 82

differentiated thyroid cancer (DTC),
178

Serum thyroid stimulating hormone
measurement, 80–81
pituitary-thyroid axis, 80

Sestamibi scintigraphy, 231–237
clinical impact, 236–237
dual isotope subtraction protocol,

231–232
vs. single isotope double-phase
protocol, 233–234

efficacy, 235
false-positive studies, 235–236
hyperparathyroidism, 231–240
radiotracer and imaging technique,

231
single isotope double-phase protocol,

232
vs. ultrasonography
parathyroid gland, 239–240

Sick euthyroid syndrome, 82–83
Single photon emission computed

tomography
parathyroid gland, 221

Sipple’s syndrome. see multiple
endocrine neoplasia type 2A
(MEN2A)

Skeleton
hyperparathyroidism, 217

Small cell carcinomas (SCC), 41
neurological phenomena, 51
pancrease, 492
pathology, 43, 44

Solid variant papillary thyroid cancer,
164

Somatostatin, 25, 27
somatostatin receptor scintigraphy,

521
Somatostatin analogues

carcinoid tumor, 650–652
neuroendocrine gastrointestinal

tumors, 689–691
Somatostatinomas

magnetic resonance imaging, 512–513
syndrome, 647

Somatostatin receptors (SSTR), 680
Somatostatin receptor scintigraphy

vs. bone scintigraphy
pancreatic endocrine tumors, 523

carcinoid tumor, 629–630
gastrinomas, 552
insulinomas, 528
nonfunctioning islet cell tumors
vs. pancreatic duct cancer, 522

pancreatic endocrine tumors,
519–521

radioguided intraoperative probe
localization, 521
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[Somatostatin receptor scintigraphy]
somatostatin analogue therapy,

522–523
somatostatin therapy, 521

Spare receptors, 2
Spironolactone, 408
PRA, 406

Splenic artery, 499
Splenic vein, 499
Squamous carcinoma
primary vs. secondary, 95

SSTR, 680
SSTR-targeted radiotherapy
neuroendocrine tumors, 680–681

Steiner’s syndrome. see Multiple
endocrine neoplasia type 2B
(MEN2B)

Stereotactic radiation
Cushing’s syndrome, 30

Sternotomy
mediastinal goiter, 138

Steroid/thyroid hormone receptors, 6
STI-571, 692
Stomach
carcinoid tumor, 620–621

Streptozotocin
carcinoid tumor, 631, 652
neuroendocrine gastrointestinal

tumors, 687, 688
Sturge-Weber syndrome, 438
Subacute necrotic myelopathy, 51
Subacute thyroiditis, 88–89
Subcapsular plexus, 451
Subtotal lobectomy
differentiated thyroid cancer (DTC),

170
Subtotal parathyroidectomy
MEN 1

hyperparathyroidism, 585–586
parathyroid gland hyperplasia, 254

Succinate dehydrogenase deficiencies,
603–604

Superior laryngeal nerve
differentiated thyroid cancer

thyroidectomy, 71
Superior mesenteric artery, 499
Superior parathyroid glands,

245–246
Superior pole vessels
division, 65

Superior thyroid gland, 66
Superior thyroid pedicle, 204
Suramin
cortical carcinoma, 393

Surgeon console, 13
Surgical arm cart, 13
Surgical robots, 13–14
Sympathoadrenal system
physiology, 309–314

T3. see Triiodothyronine
T4. see Thyroxine

Tall cell variant papillary thyroid
cancer, 163

TBG, 79, 80
TC, 41
pathology, 41–42

Technetium-99m sestamibi
hyperparathyroidism
reoperation, 269

parathyroid gland, 221
Telemanipulators
robotic, 13

Thiazolidinediones (TZD), 7
Thionamides
adverse effects, 104
Graves disease, 104

Thompson operation
Zollinger-Ellison syndrome, 592–593

Thyroglobulin, 76
cycle, 77

Thyroglossal duct
cyst
ectopic thyroid, 90

tumors
differentiated thyroid cancer
(DTC), 165

Thyroid artery
inferior, 203
location, 66

Thyroid autoantibody testing, 82
Thyroid carcinoma
anaplastic. see Anaplastic thyroid

carcinoma
insular
differentiated thyroid cancer
(DTC), 165

Thyroidea ima vessels
division, 66

Thyroidectomy
differentiated thyroid cancer (DTC),

63–67
completion, 67, 172–173, 182
complications, 70–71

open
history, 11

during pregnancy
differentiated thyroid cancer
(DTC), 175

right
cervical approach, 203
patient position, 202

Thyroid gland
benign lesions, 85–86
cancer
incidence and survival, 60

dissection, 202
embryology, 244
exposure, 64
function
testing, 80–82

incision
differentiated thyroid cancer, 63

metastatic disease to, 95

[Thyroid gland]
neoplasia
malignant, 91–92

pathology, 85–96
physical examination, 117–118
physiology and testing, 75–83
resection
minimally invasive video-assisted
thyroidectomy, 210

retraction, 66
superior, 66
ultrasonography, 120
urgent surgical assessment, 83

Thyroid hormone
construction, 76–77
mechanism of action, 79–80
release and metabolism, 77–79
serum binding, 80
suppression
thyrotropin, 179–180

synthesis, 75
synthesis and degradation, 78

Thyroiditis
giant cell, 88–89
granulomatous, 88–89
pathology, 87–89
Riedel’s, 89
subacute, 88–89

Thyroid nodules. see Nodular thyroid
disease

Thyroid peroxidase (TPO), 76–77, 125
Thyroid scanning

mediastinal goiter, 135
Thyroid secreting hormone (TSH)

adenomas, 27–28
serum, 80–81

Thyroid stunning
differentiated thyroid cancer (DTC),

177
Thyroid surgery

endoscopic. see Endoscopic thyroid
surgery

Thyroid vessel ligature
minimally invasive video-assisted

thyroidectomy, 210
Thyrotoxicosis

accelerated, 113
amiodarone-induced, 113

Thyrotropin
thyroid hormone suppression,

179–180
Thyroxine (T4)

free
measurement, 81–82

release and metabolism, 77–79
serum binding, 80
synthesis, 75
total
measurement, 81–82

Thyroxine binding globulin (TBG),
79, 80

TMD, 3–5, 4
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Toboggan technique, 137
Tolbutamide test
insulinomas, 527

Total parathyroidectomy
with autograft, 585–586
parathyroid gland hyperplasia,

254–255
Touch preparations, 126
Toxic multinodular goiter, 110–111
Toxic nodules, 110–111
treatment, 111–112

TPO, 76–77, 125
Trabecular variant papillary thyroid

cancer, 164
Tracheostomy, 174–175
Traffic accidents
insulinomas, 526

Transabdominal lateral approach
laparoscopic adrenalectomy, 461–474

Transabdominal ultrasound
insulinomas, 528

Transhepatic portal venous sampling
insulinomas, 530

Transmembrane domains (TMD),
3–5, 4

Transsphenoidal adenomectomy
Cushing’s syndrome, 386–387

Transsphenoidal resection
acromegaly, 27

Transsphenoidal surgery
Cushing’s syndrome, 30
endoscopic, 31

Transthyretin (TTR), 80
Transversus abdominis muscle, 480
Triiodothyronine (T3)

free
measurement, 82

release and metabolism, 77–79
serum binding, 80
synthesis, 75
total

measurement, 82
Triiodothyronine (T3) resin uptake test,

81
Trocars
video-assisted parathyroidectomy

primary hyperparathyroidism, 299
TSH
adenomas, 27–28
serum, 80–81

TSH receptor
structure, 4

TTR, 80

Tuberculum Zuckerkandl, 138
Tuberous sclerosis, 438, 604–605
Tumor markers
medullary thyroid carcinoma (MTC),

145–147
Type 2 diabetes mellitus, 5
Type 1 neurofibromatosis (NF 1), 603
cutaneous, 431
hereditary pheochromocytomas,

438
Typical carcinoids (TC), 41
pathology, 41–42

Tyrosine kinase-associated receptors, 5
Tyrosine kinases, 4–5
TZD, 7

UFC
Cushing’s syndrome, 382

UFP, 126
Ultrafast Papanicolaou-stained

scrape preparations (UFP), 126
Ultrasonic knife, 63
Ultrasonography
cortical carcinoma, 389–390
endoscopic thyroid surgery, 201
hyperparathyroidism, 231–240
reoperation, 269

mediastinal goiter, 135
nodular thyroid disease, 119–121
pancreas, 495–498
parathyroid gland, 221
pheochromocytomas, 432
thyroid, 120

Uncinate process, 499
Urinary free cortisol (UFC)
Cushing’s syndrome, 382

Vasoactive intestinal peptideoma
(VIPoma)

MEN 1, 590
surgery, 590–592

Venous catheterization
hyperparathyroidism
reoperation, 270

Video-assisted parathyroidectomy
primary hyperparathyroidism,

297–302
contraindications, 301
lateral approach, 301
patients and methods, 297–298
results, 299–300
technique, 298–299
trocars, 299

Video-assisted thyroid surgery,
209–212

VIPoma
MEN 1, 590
surgery, 590–592

VIPomas
magnetic resonance imaging,

512–513
syndrome, 647

Virilization, 306
adrenal cortical neoplasms,

319–320
Virilizing cortical adenoma

histological section, 320
Vitamin D

hypoparathyroidism, 72
Voice-activated camera control system,

14
Von Hippel Lindau syndrome, 412, 431,

603
adrenal glands
computed tomography, 339

hereditary pheochromocytomas,
438

neuroendocrine pancreatic tumors
magnetic resonance imaging, 514

Von Recklinghausen’s disease. see Type
1 neurofibromatosis

WDEC, 671
Weight gain

insulinomas, 526
Well-differentiated tumors (WDEC),

671
Wermer’s syndrome. see Multiple

endocrine neoplasia type 1
(MEN1)

Whole-body positron emission
tomography scanning

differentiated thyroid cancer (DTC),
179

Yttrium 138
carcinoid tumor, 632

Zeus Robotic Surgical System, 13, 15
Zollinger-Ellison syndrome, 500, 521,

545–546
biochemical assays, 549
Thompson operation, 592–593

Zona fasciculata, 360
Zona glomerulosa, 359–360
Zona reticularis, 360
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