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Endocrine surgery is both an exciting and satisfying area to work in, with outcomes meeting 
patient and surgeon expectations to a high level.

Fifty years ago, the volume of endocrine surgical work in most hospitals was not suffi-
cient to allow full endocrine specialization for all but a few select surgeons, with the majority 
of clinical surgical activity being centered around the thyroid gland. Endocrine surgery had 
become much safer, but there were still surgeons who performed the occasional thyroidectomy 
and who did not maintain acquaintance with the advancing clinical science or technical surgi-
cal improvement. The outcomes in such cases were not necessarily ideal. This situation needed 
to be addressed.

Change has occurred; sound governance is now maintained through international and 
national organizations of endocrine surgeons. These organizations have been the drivers of 
progress and the catalyst for clinical cooperation and friendships. There is now provision of 
regular scientific meetings, support for research, clinical and research exchange, and clinical 
and research fellowships. In each of these areas there are good levels of success. This is read-
ily seen from the free flow of clinical and research papers at scientific meetings with these 
research papers providing evidence of the overall work patterns and outcomes, the volume of 
cases and the quality of endocrine surgical units around the world.

The increasing volume of activity has presaged the need for collation of publications for 
ready access and review and for reference purposes.

Most trainees and their mentors are familiar with the range of publications in each endo-
crine system, together with newer methods of surgical access, pathology, genetic, biochemical, 
and imaging requirements and also with the advances in multiple endocrine neoplasia and its 
ancillary demands. This is an overall satisfactory situation.

There are however some reservations about the knowledge of some younger surgeons who 
are mentors and faculty members and their trainees about the Founding Figures of Endo-
crine Surgery. Some seem to have forgotten, overlooked, or plainly never learned about those 
observant doctors of yesteryear and overlooked, on occasions, those who have more recently 
brought their contemporary observations to all of us interested in improving the understanding 
of endocrine diseases and endocrine surgery. All of these founding figures and current lead-
ers have provided clear information on their areas of interest, have taken classical histories 
of patients, recorded and reported fully on their observational and clinical findings and given 
strong outlines of their self-propelled clinical research. Even if recorded over a hundred years 
ago, such information can today mobilize a clinician’s focus and guide confirmation of a sound 
working diagnosis. This was particularly true of the work of Graves and von Basedow, where 
research continues to unlock the underlying cause of the diseases that for many years have 
carried their names.

It is to be expected that the efforts made by Dr. Janice Pasieka and her co-editor Dr. James 
Lee and their illustrious cast of authors and biographers in compiling their textbook “Surgical 
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Endocrinopathies: Clinical Management and the Founding Figures” clinical and research 
material that can rekindle interest in the Founding Figures of endocrine surgery and perhaps 
open new windows that light the way for new research and further advancement of endocrine 
surgery.

A space awaits for this publication on my bedside table, where my favored books are avail-
able to be read to provide me with knowledge, enjoyment, and comfort.

Tom Reeve
Emeritus Professor of Surgery

The University Sydney
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Foreword

As an endocrinologist with a long interest in endocrine surgery (and endocrine surgeons), it 
is with great pleasure that I write this foreword for a truly unique and outstanding endocrine 
surgery text. While I fully expected the in-depth and outstanding coverage of the wide range 
of medical and surgical issues associated with endocrine disease, I was completely surprised 
and delighted with the historical details provided in the chapters on the founding figures that 
have defined and shaped our current management approaches. While we often provide one 
or two brief sentences about these famous clinicians/scientists in our reviews, none of our 
standard textbooks provide this level of detail with regard to the historical background, their 
families, their colleagues and their patients that so significantly impacted their observations 
and discoveries. It is amazing to see how often their major discoveries (for which they are 
so well remembered today) went against the prevailing management paradigms of the time. 
These historical accounts also vividly remind us that success seldom came easily or quickly to 
these founding figures. More commonly, their discoveries and observations were the product 
of prolonged periods of work, often in the face of significant opposition by peers who were 
reluctant to embrace new findings. This should serve as a note of great encouragement to those 
of us trying to change one or more of the long-held endocrine beliefs!

So, it is with great pleasure that I can highly recommend “Surgical Endocrinopathies: Clini-
cal Management and the Founding Figures” as required reading for all clinicians (surgeons 
and endocrinologist alike) who care for patients with endocrine diseases. All critical aspects 
of diagnosis and management are carefully described in the scientific chapters. But even more 
importantly, the in-depth historical reviews remind us of where we have been and how difficult 
it was to get where we are. Furthermore, the insights provided by biographies should stimulate 
us to continue to question our current treatment approaches, develop novel research questions, 
and live up to the wonderful endocrine legacy that has been provided to us by this amazing cast 
of characters. It is only through continued learning, research, and hard work that we can hope 
to provide the best possible care to our patients with endocrine disorders.

Dr. Janice Pasieka and Dr. James Lee are to be congratulated on assembling a remarkable 
cohort of authors and organizing one of the most unique textbooks on endocrine disease that 
I have ever seen. I have no doubt that many of the facts about these founding giants will find 
their way into my future lectures and papers.

While most of my textbooks remain on the shelf in my office, this one will likely stay on 
my coffee table at home: where I can read the historical vignettes for pleasure at my leisure 
and reflect on the clinicians and scientists that have laid the groundwork for our current under-
standing of endocrine diseases.

R. Michael Tuttle, MDEndocrinology Service
Memorial Sloan Kettering Cancer Center

New York, NY
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Preface

The concept for this book started at the scrub sink…
Surgeon: How does one make the diagnosis of an insulinoma?
Junior resident: Well, one starts with a good history and physical exam followed by demon-

strating Whipple’s Triad during a prolonged fast.
Surgeon: Excellent. Who was Whipple?
Junior resident: Pardon me?
Surgeon: Tell me about Allen Whipple and when did he describe Whipple’s Triad?
( Silence)
Senior resident: I guess he was a surgeon, you know, the one who invented the Whipple 

procedure.
Surgeon: Yes, he was a surgeon. When do you think he developed the triad?
( More silence and vigorous scrubbing)
Senior resident: Uh, I would be guessing but was it in the early 1800s?
Surgeon: Hmm, wouldn’t you agree that it is unlikely he described the triad before the dis-

covery of insulin?
Residents: Yes, that makes sense.
Surgeon: So, when was insulin discovered?
( More vigorous scrubbing and rinsing)
Medical student: I know. It was a long time ago, in the early 1960s.
Surgeon: The 1960s, long time ago?? (gulp) You mean when the Beatles became famous?
Medical student: The Who?
Surgeon: (Sigh) Yes, them too…
And so it goes. With each new generation, the knowledge of our founding figures, those astute 
clinicians that unearthed the bedrock of clinical endocrinology, gradually erodes. Their names 
have morphed into eponyms without any sense of the history behind their discoveries. Who 
were the people behind the names? What spark of intuition led them to their revelations? This 
textbook is meant to bring to light the giants on whose shoulders we stand. Following each 
clinical chapter several figures who played a prominent role in the diseases discussed are 
highlighted. Of course, the limitations of time and space preclude including all of the founding 
figures whose contributions guide us to this day. For that we apologize, but do not let them 
become mere eponyms and make a point of sharing their stories next time you stand at the 
scrub sink or on the ward rounding with the team.

We hope you will relish reading about our shared history as much as we have enjoyed 
compiling it.

Janice L. Pasieka 
James A. Lee
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Thyroid Physiology

Meredith J. Sorensen and Paul G. Gauger

J. L. Pasieka, J. A. Lee (eds.), Surgical Endocrinopathies, DOI 10.1007/978-3-319-13662-2_1,
© Springer International Publishing Switzerland 2015

M. J. Sorensen ()
General Surgery, Dartmouth Hitchcock Medical Center, Lebanon, NH 
03756, USA
e-mail: Meredith.J.Sorensen@hitchcock.org

P. G. Gauger
Surgery, University of Michigan, Ann Arbor, MI 48109, USA

Produced by the thyroid gland and precisely regulated both 
centrally and peripherally, thyroid hormone (TH) is essential 
for normal development and metabolism in all vertebrates. 
Appearing around embryonic day 22 in humans, the thyroid 
gland is the first endocrine organ to develop, and circulating 
endogenous fetal TH is detectable by 11–13 weeks of gesta-
tion [2]. TH equilibrium in the fetus, which is maintained 
by a combination of endogenously produced hormone and 
maternal TH, is necessary for normal growth and devel-
opment and is especially crucial for neural differentiation 
[1–3]. Although some of the most profound effects of TH 
are observed during development, it regulates metabolism 
and influences the function of nearly every organ system 
throughout all stages of life [1, 4, 5].

Thyroid Gland Anatomy and Histology

A basic knowledge of the cellular and microscopic structure 
of the thyroid gland is necessary to understand the physiol-
ogy of TH synthesis. Two types of cells comprise the ma-
ture thyroid gland: follicular cells (which originate from the 
embryonic endoderm) and parafollicular cells, also called 
C cells (which originate from embryonic ectoderm and mi-
grate into the thyroid gland during its development) [2, 4]. 
Follicular cells, arranged in a single layer, form the walls 
of spherical thyroid follicles. These follicles are filled with 
colloid, a proteinaceous substance primarily composed of 
thyroglobulin, which is a glycoprotein dimer essential for 
both the synthesis and storage of TH [4] (Fig. 1). The C cells 
produce calcitonin, which works together with parathyroid 

hormone (PTH) and vitamin D to maintain serum calcium 
homeostasis, although calcitonin’s direct impact on calcium 
levels is minimal in higher mammals [4].

Thyroid Hormone Synthesis

The thyroid gland produces two main types of TH: thyroxine 
(T4) and triiodothyronine (T3). They share a nearly identi-
cal molecular structure—phenolic rings joined by an ether 
link and iodinated at either three (T3) or four (T4) positions 
(Fig. 2). Since only T3 is biologically active, T4 is consid-
ered a prohormone and requires conversion to T3 in the pe-
ripheral tissues [2]. Both types of TH are synthesized in the 
follicular cells, a process that involves concentration of io-
dine, organification and coupling, and, finally, secretion or 
storage [2, 4] (Fig. 3).

Iodine Metabolism

Only 7 years after the discovery of iodine in 1812, Coin-
det published a description of the element being used for the 
treatment of goiter [6, 7]. Throughout the nineteenth century, 
observational evidence mounted connecting iodine deficien-
cy to goiter, cretinism, and myxedema, but the presence of 
iodine in the thyroid gland was not formally demonstrated 
until 1896, and TH was not isolated until 1919—exactly 100 
years after Coindet’s publication [7].

Iodine’s role as a key ingredient for TH synthesis (it ac-
counts for 65 % of the molecular weight of T4 and 59 % of 
T3) is now well understood [8]. Iodine is an essential mi-
cronutrient that can be acquired only via dietary sources [6, 
8, 9]. It circulates in the bloodstream in its ionized form, io-
dide (I−). Since up to 90 % of ingested iodine is excreted in 
the urine, the thyroid evolved a very efficient mechanism to 
“trap” and concentrate iodide [6, 10, 11]. In order to provide 
the adult thyroid with the 60 µg of I− per day required to syn-
thesize normal amounts of TH, the recommended daily in-
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take of iodine is 150 µg [6, 9, 12]. Under normal physiologic 
conditions, the thyroid contains more than 90 % of the total 
body iodide, with an I− concentration 20–40 times higher 
than that of serum [13].

The mechanism for the gland’s ability to accumulate 
I− against its concentration gradient was a subject of con-
siderable research and debate until the cloning of the Na+/
I− symporter (NIS) in 1996 [6, 14]. Located at the basolat-
eral plasma membrane of the follicular cells, the NIS has 13 
transmembrane segments [6, 15]. It uses the inwardly direct-
ed Na+ gradient generated by the Na+/K+ ATPase to couple 
movement of Na+ and I− from the blood to the follicular cell 
cytoplasm. Two Na+ ions enter for every I−, and this 2:1 stoi-
chiometry generates a positively charged inward current [6, 
15]. Activity of the NIS and uptake of iodide are regulated by 
thyroid-stimulating hormone (TSH) and by iodide itself [15].

Once I− is inside the follicular cell, the electrochemi-
cal gradient drives it to the apical surface of the cell. The 
mechanism of the efflux of I− from the cell cytoplasm into 
the follicular lumen is less well defined [13, 16]. Another 

transmembrane protein, pendrin, is thought to play a role in 
apical iodide transport. This anion exchanger is mutated in 
Pendred’s syndrome, leading to a partial defect in organifica-
tion of iodide. The syndrome is characterized by hereditary 
sensorineural deafness and occasionally euthyroid goiter [6, 
13, 15, 16]. However, the fact that Pendred’s syndrome pa-
tients living in iodine-replete regions do not tend to develop 
goiter, combined with the findings that pendrin knockout 
mice have normal thyroid size and function, suggests that 
other routes for I− efflux exist as well [6, 13, 16]. Several 
anion transporters and channels known to transport chloride, 
including the Cl−/H+ antiporter (CLC-5), the sodium-mono-
carboxylic acid transporter (SMCT1), and the cystic fibrosis 
transmembrane conductance regulator (CFTR), have been 
proposed as alternate candidates to mediate the translocation 
of I− to the follicular lumen [6, 16].

Before it can be incorporated into the tyrosine residues 
on thyroglobulin, I− must be oxidized [2, 13]. This process 
is catalyzed by the enzyme thyroperoxidase (TPO) and re-
quires the presence of hydrogen peroxide (H2O2) [8, 13]. 
A multispanning membrane protein called dual oxidase 2 
(Duox2), a calcium-dependent nicotinamide adenine dinu-
cleotide phosphate (NADPH) oxidase, plays a key role in 
generating the necessary H2O2 on the luminal surface of the 
apical follicular cell membrane [6, 13]. Although the sub-
strates and catalyst for this reaction are well understood, the 
exact nature of the oxidized iodinating species is still not 
known [17, 18]. Several models have been proposed, includ-
ing hypoiodite (OI−), hypoiodous acid (HOI), or iodonium 
(I+) [13, 18].

Thyroglobulin

Synthesized in the follicular cells, thyroglobulin is the most 
highly expressed protein in the thyroid gland [19]. With a di-
meric molecular mass of 660 kDa, it is one of the largest pro-
teins in the human body, and it consists of a signal peptide 
sequence and approximately 2750 amino acid residues [19, 
20]. The protein has a homogeneous structure in all verte-

Fig. 2  The molecular structures 
of thyroxine ( T4) and triiodothy-
ronine ( T3)

 

Fig. 1  Histological section of normal thyroid, magnified 20 ×. Each 
colloid-filled follicle is surrounded by a single layer of thyroid follicu-
lar cells
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brates, consisting of four distinct regions: three cysteine-rich 
repetitive domains (Tg1, Tg2, and Tg3) and the cholines-
terase-like (ChEL) domain (C-terminus of the molecule), 
which is highly homologous to acetylcholine [19, 21, 22]. 
Production of thyroglobulin is regulated by TSH and several 

transcription factors, including thyroid transcription factor 1 
(TTF-1), TTF-2, and paired box gene 8 (Pax-8) [19]. As the 
nascent thyroglobulin polypeptide chains emerge from the 
polyribosomes, they enter the cytosolic side of the endoplas-
mic reticulum, where each region undergoes an independent 
oxidative folding process [19, 22, 23]. All the cysteine resi-
dues ultimately become incorporated into disulfide bonds, 
although the number of intra/interchain bonds creates sig-
nificant potential for errant folding [22, 23]. Thyroglobulin 
molecules also undergo glycosylation and dimerization [19, 
21]. Several molecular chaperones, including BiP, GRP94, 
GRP170, ERp29, ERp72, and calnexin, are involved in the 
maturation of thyroglobulin and act as intracellular quality 
control to ensure that only properly folded and glycosylated 
thyroglobulin molecules are ultimately released [8, 19, 20]. 
The process is relatively lengthy, with a half-time of 90–
120 min for newly synthesized thyroglobulin to arrive at the 
Golgi complex [22]. There it is incorporated into exocytic 
vesicles that migrate to the apical membrane of the follicu-
lar cell, where the organification and coupling process takes 
place [8, 19].

Organification and Coupling

Although organification and coupling are often discussed as 
discrete steps, both reactions are catalyzed by TPO and in 
fact occur simultaneously [13]. The process by which oxi-
dized iodide attaches to tyrosyl residues of thyroglobulin is 
referred to as organification. The reaction leads to the for-
mation of monoiodotyrosine (MIT) or diiodotyrosine (DIT) 
residues, still located within the thyroglobulin molecule [8, 
13]. Of the 132–140 tyrosyl residues in each molecule of 
dimerized human thyroglobulin (the reported number var-
ies because of refinements in complementary DNA (cDNA) 
sequencing), only a small subset are actually susceptible to 
iodination [8, 13, 21, 24]. While each molecule of mature 
thyroglobulin contains 5–50 iodine atoms, only certain io-
dinated sites are ultimately involved in hormonogenesis be-
cause of their spatial orientation [8, 13].

Once MIT and DIT form, the coupling reaction occurs: 
two DIT residues combine to form T4 or one MIT combines 
with one DIT to create T3 [8, 13]. In this reaction, also cata-
lyzed by TPO and mediated by H2O2, the iodinated phenyl 
group of a tyrosyl residue is donated to become the outer 
ring of the iodothyronine acceptor site [13]. Tyrosines 5, 
2554, and 2747 are the most important acceptor sites, while 
tyrosines 130, 847, and 1448 are the dominant donors [13, 
24]. About one-third of T4 is created by the acceptor–donor 
pair of tyrosine 5 and tyrosine 130 [8]. After the coupling 
reaction, the newly formed T3 and T4 are still incorporated 
within the thyroglobulin molecule [8]. Under normal condi-
tions (normal iodine supply and normal thyroid function), 
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Fig. 3  The synthesis and secretion of thyroid hormone by the thyroid 
follicular cell. Thyroid hormone synthesis is stimulated by binding of 
TSH to the TSHR, which increases intracellular cAMP. Iodide enters 
the thyroid gland via the Na+/I− symporter ( NIS). The intracellular 
electrochemical gradient then drives I− to the apical surface of the cell, 
where it exits into the follicular lumen either through pendrin or chlo-
ride channels or both. The I− is then oxidized by the enzyme thyroper-
oxidase ( TPO) in the presence of hydrogen peroxide (H2O2), which is 
generated by dual oxidase 2 (Duox2), an NADPH oxidase. Oxidized io-
dide attaches to tyrosyl residues of thyroglobulin to form monoiodoty-
rosine ( MIT) or diiodotyrosine ( DIT) residues, a process also catalyzed 
by TPO. MIT and DIT then combine to form T3 and T4, all still incor-
porated within the thyroglobulin molecule. Iodinated thyroglobulin is 
then taken up by clathrin-coated pits on the apical surface of the follicu-
lar cell, which invaginate to form intracellular vesicles. These fuse with 
the endolysosomal system. MIT, DIT, T4, and T3 residues are selec-
tively removed from the molecule. MIT and DIT residues are deiodin-
ated by DEHAL1 and the iodide is recycled. The T3- and T4-containing 
polypeptides are further processed to become free T3 and T4, which are 
then released into the circulation via a hormone transporter, MCT8. A 
small proportion of iodinated thyroglobulin binds to a protein called 
megalin before being internalized by the thyrocyte and is transported 
through the cell before being released intact into the bloodstream. This 
process is called transcytosis. TSH thyroid-stimulating hormone, TSHR 
thyroid-stimulating hormone receptor, NADPH nicotinamide adenine 
dinucleotide phosphate, MCT monocarboxylate transporter
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the average thyroglobulin molecule contains 2.5 residues of 
T4 residues, 0.7 of T3, 4.5 of DIT, and 5 of MIT [8].

Secretion and Storage

Once organification and coupling are complete, the mature, 
iodinated thyroglobulin is released into the follicular lumen, 
where it comprises more than 95 % of the colloid [8, 25]. 
About two-thirds of thyroglobulin in the colloid is in the 
soluble 660 kDa dimerized form, but free monomers and tet-
ramers are also found in minimal amounts [8, 25]. The other 
34 % of thyroglobulin exists in a dense, highly concentrated 
insoluble form (i-Tg), with high iodine content but nearly 
undetectable TH residues [8, 11, 25].

When follicular cells are stimulated by TSH, thyroglobu-
lin is mobilized from the colloid and reenters the thyrocyte 
via a process called micropinocytosis. Because of their 
physical proximity to the apical membrane and solubility, 
newly secreted thyroglobulin molecules are taken up first 
(the “last-come-first-served” principle first described by 
Schneider et al. in 1964) [11, 25, 26]. Clathrin-coated pits 
form on the luminal side of the apical membrane of thyro-
cytes and internalize thyroglobulin. These pits then invagi-
nate to form intracellular vesicles, which shed their clathrin 
coats and quickly fuse with early endosomes [8, 25, 27]. This 
process is thought to occur via a combination of nonspecific 
fluid-phase uptake (which likely is the main route of thyro-
globulin uptake leading to degradation and TH release) and 
receptor-mediated uptake (which appears to lead to other 
post-endocytic pathways) [8, 25, 28].

The intracellular thyroglobulin molecules then follow 
one of at least three different pathways: proteolytic destruc-
tion into its component parts, recycling back to the follicu-
lar lumen, or transcytosis [8, 25, 28]. In the first pathway, 
thyroglobulin travels through the endosomal system to lyso-
somes, where MIT, DIT, T4, and T3 residues are selectively 
removed from the molecule [8, 29]. Free MIT and DIT resi-
dues released from lysosomes cannot combine to synthesize 
hormone; rather, they are deiodinated to produce I− and ty-
rosine, both of which are then reused for novel thyroglobulin 
synthesis and organification. The enzyme primarily respon-
sible for this iodide recycling process is iodotyrosine deha-
logenase 1 (DEHAL 1), an NADPH-dependent transmem-
brane protein located at the apical membrane of follicular 
cells [30, 31]. Finally, cathepsins D, B, and L, which are 
lysosomal proteases, act at specific cleavage sites on thyro-
globulin to produce hormone-enriched polypeptides. These 
are then further hydrolyzed by exopeptidases (most impor-
tantly lysosomal dipeptidase I) to release free TH into the 
cytoplasm [32–34].

Conventionally, the secretion of TH into the bloodstream 
has been attributed to passive diffusion, but more recent ev-

idence supports a transport system located at the follicular 
cell basolateral membrane. Over the past few decades, trans-
membrane TH transporters, most notably monocarboxyl-
ate transporter 8 (MCT8) and OATP1C1 (a member of the 
sodium-independent organic anion-transporting polypeptide 
family), have been well described in peripheral tissue. Recent 
animal studies have demonstrated immunohistochemical lo-
calization of MCT8 to the basolateral membrane of the thyro-
cyte and have also suggested that MCT8 is in fact necessary 
for normal TH secretion from the thyroid gland [35, 36].

Although the most important post-endocytic pathway 
for thyroglobulin involves proteolysis and production of 
free hormone, not all thyroglobulin taken up by follicular 
cells is processed in the lysosomes. Immature thyroglobulin 
molecules tend to be iodine poor and incompletely glyco-
sylated [8]. Several receptors, including the thyroid asialo-
glycoprotein receptor and the putative N-acetylglucosamine 
receptor, as well as the molecular chaperone protein disul-
fide isomerase (PDI), have been proposed to recognize these 
immature characteristics and facilitate the recycling of im-
mature thyroglobulin back to the follicular lumen, but their 
exact roles remain unclear [8, 25]. Megalin, another receptor 
found on the luminal side of the follicular cell’s apical mem-
brane, is known to mediate the third pathway for internal-
ized thyroglobulin called transcytosis. Thyroglobulin that 
binds to megalin before being internalized by the thyrocyte 
escapes the lysosomal pathway and instead is transported 
intact to the basolateral membrane with subsequent release 
into the bloodstream [37, 38]. With normal TSH stimulation, 
the expression of megalin is relatively low and very little 
thyroglobulin is transcytosed. When TSH is elevated, how-
ever, megalin expression increases, leading to significantly 
greater amounts of transcytosis. By diverting thyroglobulin 
from lysosomal proteolysis, this may serve to reduce free 
hormone release under conditions of massive TSH stimula-
tion [25, 38].

Peripheral Actions of Thyroid Hormone

Under normal circumstances, 90 % of the hormone secreted 
by the thyroid gland is in the form of T4 and the other 10 % is 
T3 [2]. Only a very small fraction of the released TH (about 
0.03 % of total T4 and 0.3 % of total T3) circulates as free 
hormone [39]. The rest of the released TH binds to carrier 
proteins, with 95 % bound to either thyroid-binding globu-
lin (TBG), transthyretin (TTR), or albumin. The remaining 
4–5 % is bound to other minor TH carriers, including lipo-
proteins, immunoglobulins, and lipocalins [39, 40]. These 
carrier proteins serve both as a stable reservoir of extrathy-
roidal TH and as protection for the extremely hydrophobic 
free hormone from its aqueous environment [2, 39, 40]. Be-
cause of this method of distribution and buffering, T4 has the 
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longest half-life of any hormone (6–7 days), and its serum 
concentration of 0.1 µM is second only to cortisol [40].

Circulating free TH can be taken up by peripheral cells 
at any time, and both T4 and T3 can rapidly dissociate from 
their carrier proteins to increase the availability of free hor-
mone when necessary [2, 40]. The entry of free T4 or T3 into 
target cells is mediated by a variety of plasma membrane 
transporters, including the aforementioned monocarboxylate 
transporters (including MCT8 and MCT10) and OATP1C1, 
as well as the Na+ -taurocholate cotransporting polypeptide, 
the L-type amino acid transporters (LAT1 and LAT2), and 
fatty acid translocase [35, 36, 41]. To date, the roles of the 
MCT and OATP families are best understood. While the MCT 
transporters are widely expressed in most tissues, OATP1C1 
is much more specific, expressed predominantly in the brain 
and testes [36, 42]. The transporters also vary in their ligand 
specificity, with MCT10 demonstrating increased affinity for 
T3 and OATP1C1 demonstrating strong preference for T4 
[36, 42]. The exact mechanisms by which these transport-
ers facilitate TH uptake are still under investigation [35, 41, 
42]. The clinical importance of TH transporters is manifested 
in the Allan–Herndon–Dudley syndrome. First described in 
2004, this X-linked syndrome of severe psychomotor retar-
dation and elevated T3 levels, results from mutations in the 
MCT8 gene [41, 42].

Once inside the cytosol of the target cells, T4 (and some-
times T3) is deiodinated by the iodothyronine deiodinase 
family of selenoproteins. Outer (5′)-ring deiodination of the 
prohormone T4 produces the active form of T3, while inner 
(5)-ring deiodination produces the inactive metabolite (re-
verse T3; rT3) [43, 44]. Although they share an overall 50 % 
sequence homology and similar catalytic properties, the 
three deiodinases differ with regard to function and tissue 
specificity [2, 43, 45].

Type 1 deiodinase (D1), anchored on the cytosolic side of 
the plasma membrane, is the only enzyme of the three that is 
capable of deiodinating either the inner or the outer ring [43, 
44]. Although it is believed to be an important source of T3 to 
the circulation, D1 is much less efficient than D2 in catalyz-
ing the T4 to T3 conversion [44]. D1 also displays a strong 
preference for rT3 as its outer ring deiodination substrate. 
Consequently, it has been proposed that the more important 
role of D1 is as a scavenger enzyme, clearing inactive iodo-
thyronines from the circulation and recycling the iodine [43, 
44]. It is primarily expressed in the thyroid, liver, and kidney 
[43]. Increased thyroidal activity of D1 is thought to play 
a major role in the disproportionate overproduction of T3 
observed in Graves’ disease and multinodular toxic goiter, 
while reduced hepatic and renal D1 activity may account for 
the decreased levels of T3 associated with nonthyroidal ill-
ness syndrome (NTIS) [44].

Type 2 deiodinase (D2), located in the endoplasmic re-
ticulum, is considered the major prohormone activator, as it 

exclusively catalyzes the conversion of T4 to T3 by 5′ deio-
dination [43, 45]. In order to maintain a relatively constant 
level of free T3 even when levels of T4 fluctuate, expression 
of D2 is tightly regulated at both the transcriptional and post-
translational levels [45]. One essential mechanism of pro-
tein homeostasis is the ubiquitin/proteasome system. Lysine 
residues within unneeded proteins are tagged with ubiquitin 
molecules, which induce a structural change that facilitates 
uptake by proteasomes and subsequent degradation. The D2 
protein, with its 15 lysine residues, appears to be particularly 
susceptible to ubiquitination, a process that is even further 
accelerated in the presence of its natural substrate, T4 [45]. 
Distributed primarily in the brain, pituitary gland, thyroid 
gland, skeletal muscle, and brown adipose tissue, D2 is par-
ticularly important for the development of sensory organs 
(including the cochlea and retina), the regulation of the hy-
pothalamus–pituitary–thyroid (HPT) axis, the cell matura-
tion of bone and muscle, and thermogenesis [45].

Type 3 deiodinase (D3) is considered the major TH-inac-
tivating enzyme. Located in the plasma membrane, it cata-
lyzes inner ring deiodination of T4 and T3 to produce rT3 
and 3,3′-diiodothyronine (T2), both inactive [43, 46]. D3 is 
very highly expressed in the placenta and in most fetal tis-
sues, where it acts to limit fetal exposure to TH [43, 46]. 
With the exception of the brain, skin, and pregnant uterus, 
D3 is not active in normal adult tissues. However, it is often 
referred to as an oncofetal protein because it is reactivated 
in several human tumors, including astrocytomas, oligoden-
drogliomas, glioblastoma multiforme, basal cell carcinoma, 
infantile hemangioma, and adult hemangioendothelioma 
[46]. While the exact tumorigenic mechanism of D3 over-
expression is not fully understood, it has been hypothesized 
that underproduction of T3 may be a way for tumor cells to 
escape normal differentiation [46]. D3 activity also increases 
significantly in inflammatory states, during tissue regenera-
tion (such as after hepatectomy), and after ischemic events, 
including stroke and myocardial infarction [46].

At a cellular level, T3 can act within the nucleus, at the 
plasma membrane, in the cytoplasm, and at the mitochon-
drion [47]. The action of TH in the nuclei, called genomic 
action, involves the binding of T3 to TH nuclear receptors 
(TR), which then function as T3-inducible transcription fac-
tors that upregulate the expression of TH-responsive genes 
[1, 2, 47]. There are two major subtypes of TRs, each of 
which has several isoforms. Located on chromosome 17, the 
TRα gene encodes TRα1, which binds T3, as well as two 
other non-T3-binding products: TRα2 and TRα3 [1, 47]. 
TRα1 is constitutively expressed during embryonic develop-
ment, while in postnatal life, it is predominantly expressed 
in brain, heart, bone, and skeletal muscle [1, 47]. There are 
three T3-binding TRβ isoforms encoded by the TRβ gene 
on chromosome 3: TRβ1 is expressed widely, TRβ2 primar-
ily in brain, retina, and inner ear, and TRβ3 in kidney, liver, 
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and lung [1, 47]. The phenotypic consequences of this tissue-
specific TR expression are still under investigation.

The actions of T3 at the plasma membrane, cytoplasm, 
and mitochondria are referred to as nongenomic actions and 
are being increasingly recognized [1]. TH binding to sites 
on the plasma membranes of various types of cells has been 
shown to activate certain signal transduction pathways, as 
well as modulate the activity of the calcium pump, the so-
dium pump, and the sodium–proton exchanger. Some of the 
action of TH within the cytoplasm may be attributable to the 
presence of extranuclear TRs, but several other cytoplasmic 
proteins, including pyruvate kinase, are also known to bind 
T3 [47]. While it is well established that TH increases the 
number of mitochondria within a cell, the mechanism by 
which it does so is poorly understood, as are its effects on 
mitochondrial energetics and heat generation [47].

Regulation of Thyroid Hormone

Although TH homeostasis involves many complex local 
and systemic pathways, the most classic understanding of 
TH regulation is based on the negative feedback system of 
the HPT axis [2, 48–51] (Fig. 4). In this model, thyrotro-
pin-releasing hormone (TRH) neurons located in the para-
ventricular nucleus of the hypothalamus (PVH) sense the 
circulating levels of TH. While other regions of the hypo-
thalamus, including the lateral and ventromedial nuclei, also 
express TRH, only the PVH is tightly regulated by TH [48]. 
TH binds to the TRβ2 isoform in the PVH and influences 
TRH gene expression via a negative feedback fashion: When 

TH levels are high, TRH expression is low and vice versa 
[48, 50]. The pituitary portal vasculature then delivers TRH 
to the anterior pituitary gland, where TSH (also called thy-
rotropin) is synthesized and secreted. TH exerts a negative 
feedback effect on this step as well. After it is released from 
the pituitary gland, TSH binds to TSH receptors (TSHR) on 
the basal membrane of follicular cells, which triggers an in-
tracellular cascade, including the activation of adenylate cy-
clase [11, 49, 50]. The resultant increase in cyclic adenosine 
monophosphate (cAMP) stimulates nearly every step in TH 
synthesis, including iodine uptake, synthesis of thyroglobu-
lin, organification and coupling, and follicular cell uptake of 
thyroglobulin from the colloid [50].

Another key component of TH regulation is the availabil-
ity of iodine. As previously discussed, iodine is essential for 
TH synthesis. In patients with iodine deficiency, TSH secre-
tion is increased, which stimulates follicular growth and goi-
ter formation [52]. The behavior of the thyroid gland under 
conditions of iodine excess is more complex. Large quanti-
ties of iodine are found in some medications, topical anti-
septics, radiology contrast agents, and food preservatives [9, 
52]. The tolerable upper limits of daily iodine ingestion have 
been reported from 600 to 1100 µg per day, but exposure 
above this limit is generally very well tolerated [12].

Under normal conditions, iodine essentially produces an 
intrathyroidal negative feedback system: Excess iodine in-
hibits its own organification, which prevents overproduction 
of TH [12, 49, 52]. This phenomenon was described in vitro 
by Morton and colleagues in 1944 and then in vivo in 1948 
by Wolff and Chaikoff, after whom it was named [52]. Al-
though it has been nearly 60 years since these original publi-
cations, the mechanism of the Wolff–Chaikoff effect remains 
elusive. It is hypothesized to be due to inhibition of TPO by 
intrathyroidal organic iodocompounds, but reduced intrathy-
roidal deiodinase activity also seems to play a role [12, 52]. 
In normal subjects, the inhibition of TH synthesis is tran-
sient (lasting 24–48 h), even with continued administration 
of excess iodine [9, 12, 49]. Within 24 h after an acute iodine 
load, there is a decreased expression of the NIS, resulting in 
reduced thyroidal uptake of iodine and resumption of nor-
mal TH synthesis [12, 49, 52]. This so-called escape from 
the Wolff–Chaikoff effect prevents development of iodine-
induced hypothyroidism.

Iodine-induced hypothyroidism is observed in patients 
with underlying thyroid disease, neonates, the elderly, pa-
tients taking medications such as lithium and amiodarone 
(which can also cause thyrotoxicosis), and patients with 
certain nonthyroidal illnesses, such as cystic fibrosis and 
chronic renal insufficiency [52]. In these patients, the escape 
from the Wolff–Chaikoff effect fails. Likely because the NIS 
is not downregulated, they continue to have high concen-
trations of intrathyroidal inorganic iodine. The increased 
supply of iodine inhibits the synthesis of new TH, so the 

Thyrotropin-releasing 
hormone
(TRH)

Thyroid-stimulating 
hormone
(TSH)

Hypothalamus

Thyroid 
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Negative feedback
T4/T3

Anterior pituitary
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Fig. 4  The negative feedback system of the hypothalamic–pituitary–
thyroid ( HPT). Thyrotropin-releasing hormone ( TRH) produced in the 
hypothalamus stimulates the anterior pituitary gland to synthesize and 
secrete thyroid-stimulating hormone ( TSH). TSH binds to TSH recep-
tors on thyroid follicular cells to stimulate synthesis of thyroid hormone 
(T3 and T4). Circulating T3 and T4 then exert a negative feedback ef-
fect on both the hypothalamus and the pituitary glands to decrease sub-
sequent production of TRH and TSH
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intrathyroidal and serum supplies of T3 and T4 are rapidly 
depleted, leading to increased serum TSH. However, TSH 
cannot overcome the inhibitory effects of iodine on TPO—
instead, it stimulates expression of the NIS, which serves to 
further increase the intrathyroidal iodine concentration [12, 
52]. With few exceptions, previously euthyroid patients who 
develop iodine-induced hypothyroidism return to normal 
within 2–8 weeks after iodine withdrawal. (Amiodarone-
induced hypothyroidism takes longer to resolve because of 
the drug’s long half-life.) However, many of these patients 
will eventually develop permanent hypothyroidism because 
of their underlying thyroid disease [52].

In another group of patients, excess iodine triggers hyper-
thyroidism. Iodine-induced thyrotoxicosis is termed the Jöd-
Basedow phenomenon, after the German word for iodine 
(Jöd) and the German physician Karl von Basedow [12]. 
Although it has been described in patients with clinically 
normal thyroids, it is usually seen in people with a history of 
diffuse or nodular goiters, often in the setting of underlying 
iodine deficiency [9, 53]. The biologic basis of this phenom-
enon is believed to be thyroid autonomy, which becomes un-
masked when iodine repletion (in endemic iodine-deficient 
areas) or iodine excess (in iodine-sufficient areas) provides 
the substrate for additional TH synthesis [9, 53]. As in iodine-
induced hypothyroidism, normal thyroid function is usually 
restored after removing the excess iodine source [12].

Nonthyroidal Illness Syndrome (Euthyroid Sick 
Syndrome)

Acute or chronic nonthyroidal illness commonly induces pre-
dictable abnormalities in serum TH parameters (decreased 
T3, normal or decreased T4, and normal or decreased TSH) 
[54–57]. Once called “euthyroid sick syndrome,” the term 
NTIS is now more commonly used to describe this constel-
lation of thyroid function test derangements, which has been 
reported in up to 70 % of hospitalized patients [56, 57]. Most 
patients appear to be clinically euthyroid, and whether NTIS 
represents an appropriate physiologic adaptation to illness or 
a pathologic phenomenon that warrants correction remains a 
matter of debate [54, 55].

The etiology of NTIS is multifactorial. For years, altered 
deiodinase activity (particularly the inhibition of hepatic and 
renal D1) was thought to be responsible for the decreased 
levels of serum T3 during illness [55, 57]. However, recent 
mouse studies have shown that the decrease in serum T3 pre-
cedes the decreased D1 gene expression and also that, in the 
setting of experimental illness, serum T3 decreases even in 
D1 knockout mice [55, 56]. Changes to the hypothalamic–
pituitary axis probably have a more significant contribution 
to the pathophysiology of NTIS. Diminished calorie intake 
and inflammatory cytokines (including IL-6, TNF-α, NFκB, 

IL-1, and IFN-α) have been implicated in decreased produc-
tion of TRH by the PVN [54, 56, 57]. This leads to either low 
TSH or the failure of TSH to rise appropriately in the pres-
ence of low circulating levels of serum THs. Additionally, 
the major binding proteins (TTR and TBG) are acute phase 
reactants and therefore decrease markedly during acute ill-
ness [57]. Reduced availability of binding proteins can sig-
nificantly reduce the serum levels of total T3 and T4. Im-
paired transport of T4 into the peripheral tissues during acute 
illness has also been postulated, although no studies have 
demonstrated downregulation of TH transporters [55, 57].

An association between NTIS and worse outcomes, in-
cluding mortality, has been described in patients with surgi-
cal sepsis, trauma, respiratory failure, acute stroke, myocar-
dial infarction, and other critical illnesses [54, 56, 58, 59]. 
In a prospective study of 480 intensive care unit (ICU) pa-
tients, Wang and colleagues demonstrated that free T3 level 
was an independent predictor of ICU mortality, and there-
fore proposed that it be added to the Acute Physiology and 
Chronic Health Evaluation II (APACHE II) scoring system 
[60]. Despite the negative prognostic significance of low T3, 
however, no evidence currently exists to support TH replace-
ment therapy in patients with NTIS [54–57]. Further study is 
needed to determine whether treatment would improve the 
clinical outcomes in these patients, and, if so, whether T3 or 
T4 would be the more appropriate preparation.

Key Summary Points

• TH is essential for normal development and metabolism 
in all vertebrates.

• Both types of TH, T4, and T3 are synthesized in the fol-
licular cells via a process that involves concentration of 
iodine, organification and coupling, and secretion or stor-
age.

• Through the NIS, iodine enters thyroid follicular cells 
against its concentration gradient.

• Thyroglobulin, a protein synthesized in the thyroid fol-
licular cells, is an essential building block of TH.

• TH synthesis primarily occurs on the apical membrane of 
the follicular cell.

• TPO catalyzes the oxidation and organification of iodine, 
which leads to formation of MIT or DIT residues.

• In the coupling reaction, two DIT residues combine to 
form T4 or one MIT combines with one DIT to create T3.

• TSH stimulates iodinated thyroglobulin to mobilize from 
the colloid and reenter the thyrocyte. It is then processed 
by the endolysosomal system to form T4 and T3, which 
are secreted into the bloodstream via a transporter, MCT8.

• Under normal circumstances, 90 % of the hormone 
secreted by the thyroid gland is in the form of T4 and the 
other 10 % is T3.
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• Peripherally, T4 is converted to T3 by tissue-specific 
deiodinases.

• TH synthesis is regulated by the negative feedback of 
HPT axis.

• The Wolff–Chaikoff effect describes the phenomenon 
whereby excess iodine inhibits its own organification, 
which prevents overproduction of TH.

• The Jöd-Basedow phenomenon, often seen in the setting 
of underlying iodine deficiency, refers to iodine-induced 
thyrotoxicosis.

• NTIS or euthyroid sick syndrome occurs when acute or 
chronic nonthyroidal illness induces predictable abnor-
malities in serum TH parameters (decreased T3, normal 
or decreased T4, and normal or decreased TSH).
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Emil Theodor Kocher was an outstanding personality, self-crit-
ical, systematic, modest, laborious and driven by a tremendous 
thrive for innovation. His capacity to link a clinical observation 
to its hitherto mostly unknown physiological basis was his fun-
dament to revolutionize the surgical field and influence innu-
merable young surgeons across the world. Albeit described as 
a reserved personality, he entertained long lasting friendship 
with most great surgeons at his time including William Halsted, 
Harvey Cushing, and Theodor Billroth. Those and many more 
connections together with his scientific and surgical achieve-
ments helped to leverage the Inselspital—founded in 1354 and 
later transformed to the University Clinic of Bern—to world-
wide fame at the end of the 19th century. It goes without saying 
that the receipt of the Nobel Prize was the culmination of his 
success awarding his greatest accomplishment, mastering thy-
roid surgery and more importantly understanding its physiology. 
When he died the entire Swiss government attended his funeral 
and all children of the city of Bern, the capital of Switzerland, 
had a day off school. It is impressive to observe how lasting 
Kocher’s heritage is in “his” Inselspital and in our collective 
memories. Prof. D. Candinas

Emil Theodor Kocher was born on August 25, 1841, in the 
capital of Switzerland, Bern. As the son of the chief engineer 
of the canton of Bern, Jakob Alexander Kocher, the young 
Kocher grew up in a peaceful, culturally sophisticated, and 
religious atmosphere. He was characterized as a quiet, unas-
suming, but sometimes mischievous boy. After finishing sec-
ondary school, he trained without interruption at the Univer-
sity of Bern, from which he graduated and obtained his doc-
torate in 1865 [1]. He started his surgical career after medical 
school in Bern, but his talent and purposefulness took him to 
advanced studies at academic centers such as Zurich, Berlin, 
London, Paris, and Vienna. There, he learned under famous 
teachers, including Hermann Askan Demme (1802–1867), 
Georg Albert Lücke (1829–1894), Theodor Billroth (1829–
1894), and Bernhard von Langenbeck (1810–1887). As as-
sociate professor, he returned to Bern, where he worked as 
a surgical assistant under Professor Georg Lücke. It was no 
surprise that in 1872 he was promoted to full professor of 
surgery; at this time, he also became director of the Univer-
sity Surgical Clinic in Bern as the position became vacant. 
He was only 31 years old when he was appointed to this 
job. He held the position until his death on July 27, 1917, 45 
years later; this was an unprecedented feat. Even for those 
early years, selection as chair of a surgical department at age 
31 was an outstanding honor. Whenever Kocher was invited 
to consider other lofty academic surgery positions around 
Europe, including Prague, Vienna, and Berlin, he deferred 
[2]. Throughout his career, he remained committed to his be-
loved hometown of Bern, where he found ideal conditions 
for his work. He was a humble man and reserved by nature; 
however, by report, he was very warm with patients, who 
uniformly loved him [3].

It was still very early in his medical and surgical career 
when Kocher described a new method for reducing shoulder 
dislocations and first received the attention of Theodor Bill-
roth, who would become one of his critical mentors. Kocher 
intensively studied the pathologic anatomy of the shoulder 
and was then able to demonstrate his newly developed re-
duction technique on a patient with an old subcoracoid dis-

Emil Theodor Kocher (From National Institutes of Health, unknown 
photographer)
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location. During a conference, all attempts to reduce the pa-
tient’s shoulder by multiple physicians, including Billroth, 
failed. Kocher then volunteered to give his newly developed 
technique a try in front of multiple visiting physicians—and 
it worked on the first attempt! He called his technique for 
reducing shoulder dislocations the “Kocher method” [4]. His 
method was soon widely accepted, as it was shown to be 
simple, safe, and applicable for chronic and acute disloca-
tions.

Kocher started his surgical career shortly after the appre-
ciation of antiseptic treatment of wounds. He was heavily 
influenced by Sir Joseph Lister (1827–1912), a pioneer of 
antiseptic surgery. Kocher steadily supported the transition 
to using sterile technique, as he understood its immense im-
portance and benefit for most patients. He was also one of 
the first surgeons who worked in a completely aseptic fash-
ion. He benefited from close collaboration with Ernst Tavel 
(1858–1912) from the University of Bern, who was famous 
for his bacteriological studies [1]. They summarized their 
findings in the second edition of “Vorlesungen über chirur-
gische Infektionskrankheiten” (lectures on surgical infec-
tious diseases), which was published in 1895 [5]. The Uni-
versity Clinic in Bern, Inselspital, remained for many years 
an international centerpiece among physicians who favored 
the antiseptic approach.

Aside from extensive work on antiseptic treatment, Ko-
cher started to publish widely on a diverse set of topics in 
general surgery. One early publication included experiments 
about hemostasis (by torsion of the arteries); this pleased 
Billroth, especially, and it was published in Langenbecks 
Archive, Vol II [1]. Kocher also performed studies on gun-
shot wounds, as he had to give courses to military doctors. 
He worked on acute osteomyelitis (1878) and the theory of 
strangulated hernias (1877). He developed a new theory of 
hernia strangulation that was called the “dilation theory”; 
this received attention in the field of ileus research. He pub-
lished regarding a new technique for gastric resection, de-
scribing pylorectomy with subsequent gastroduodenostomy. 
In addition, Kocher advanced the surgical procedure initi-
ated by Kraske, where part of the coccyx was removed dur-
ing rectal surgery to facilitate additional removal of a portion 
of the sacrum (1874), and he described gallstone excision 
from the lowest portion of the bile duct. One of the most 
important procedures he described in detail was the mobi-
lization of the duodenum and pancreatic head from its pos-
terior attachments and neighboring organs, including the 
inferior vena cava. This helped to advance many surgical 
procedures, including surgery on the duodenum, extrahe-
patic bile duct, pancreas, and stomach. This crucial step of 
early mobilization is employed as part of many larger upper 
gastrointestinal (GI) operations, and it is named the Kocher 
maneuver, or Kocher mobilization.

The list of his contributions seems to be endless, as he 
also published on simplified cholecystectomy procedures, 
ileus treatment, vertebral column fractures, traumatic epi-
lepsy, brain damage, and trepanation. Most surgical spe-
cialties have benefited from the findings, inventions, and 
descriptions of Kocher. He also was respected by his peers 
because he reported his own patient outcomes regularly. His 
transparency regarding his own outcomes was novel. Impor-
tantly, Kocher for the first time demonstrated an association 
between increased (surgeon) volume and improved (patient) 
outcomes. Indeed, Kocher’s outcomes following thyroidec-
tomy improved dramatically over the course of his prolific 
career. Until his death at age 76 years, he was able to keep up 
with the same pace and rigor that he did when he started his 
surgical and scientific career.

While any of these achievements might have led to a du-
rable legacy, Theodor Kocher is still best known and remem-
bered for his advancements with regard to the physiology, 
pathology, and surgery of the thyroid gland. Thomas Whar-
ton, an English anatomist, first named the thyroid in 1656; 
unfortunately, he believed that its purpose was “to fill the 
neck and make it shapely.” Kocher’s research on the thyroid 
gland significantly moved our understanding forward, and 
for this he was awarded the Nobel Prize in Physiology or 
Medicine in 1909. He was the first surgeon to receive the 
Nobel Prize in the field of science. His pioneering work 

“…gave a comprehensive exposition, which has been of fun-
damental importance to the latter development of thyroid sur-
gery as well as to other important areas of our knowledge of this 
gland. Through Kocher’s exposition, it became quite clear that 
complete extirpation of the thyroid is reprehensible. A portion of 
the gland which is capable of functioning must be left behind at 
the operation.” 

While debate today continues about the relative merits 
of total thyroidectomy versus thyroid lobectomy, Kocher 
established the importance of not performing total thyroid-
ectomy in an era prior to the evolution of exogenous thy-
roid hormone supplementation or replacement. But it was 
not just Kocher’s exposition about surgical approach that 
advanced the field of thyroidology forward, but also his 
studies 

“…into the causes of endemic occurrence of goiter in certain 
regions and into the cretinism connected with disturbances in 
thyroid function.” 

The money he received for this prize (200,000 Swiss 
francs) was fully donated by him to his University (of Bern) 
to build a Research Institute for Biology. The Theodor Ko-
cher Institute of the Medical Faculty of the University of 
Bern is active today, addressing molecular mechanisms in-
volved in inflammation, with a special focus on studying im-
mune cell migration during immune surveillance and inflam-
mation [6].
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In the 1850s, thyroid surgery was only performed for vital 
indications, as operative mortality rates were often higher 
than 40 %. The principal reasons for fatal outcomes were 
uncontrollable bleeding and/or infectious complications. 
Indeed, in the early days, thyroid surgery was considered 
such a dangerous operation that it was prohibited in France. 
It is worth noting, for example, that Lücke, the predecessor 
of Kocher, operated on ten goiters from 1866 to 1872, and 
nine of his patients succumbed to complications from their 
surgeries. Many voices were raised against thyroidectomy, 
and thyroid surgery had a reputation for being a thankless, 
dangerous, and reckless pursuit [7]. Samuel Gross, a surgical 
contemporary of Kocher’s who worked in the USA, wrote 
in 1866:

If a surgeon should be so adventurous, or foolhardy, as to under-
take thyroidectomy, I shall not envy him… Every step he takes 
will be environed with difficulty, every stroke of his knife will 
be followed by a torrent of blood, and lucky will it be for him 
if his victim lives long enough to enable him to finish his horrid 
butchery… No honest and sensible surgeon, it seems to me, 
would ever engage in it. [8]

Using advanced surgical techniques described by Kocher 
and Billroth, in particular, the mortality rate was signifi-
cantly reduced over the coming years. Kocher’s first paper 
on thyroid gland pathology and surgery in 1874 reported his 
series of 13 patients, and only 2 of these patients died. He 
described a technique where he first ligated the major arter-
ies and veins to the thyroid gland; in turn, he identified the 
recurrent laryngeal nerve. After achieving this control, the 
external capsule of the gland was split, and the isthmus was 
removed. This helped to avoid profuse bleeding and spared 
the recurrent laryngeal nerves [3]. Most of the surgeries were 
performed under ether anesthesia and using local infiltra-
tion of cocaine. Kocher reported his surgical mortality rate 
in 1883 at the German Congress of Surgery; by that time, 
he had performed 101 goiter operations with an associated 
mortality rate of only 13 %, which was groundbreaking for 
his time. In this surgical series, 18 patients developed the 
typical presentation of myxedema and altered mental status; 
all of this subset had undergone total thyroidectomy. Kocher 
closely followed his patients in the postoperative setting, 
and he found that those who underwent total thyroidectomy 
died within 7 years after surgery. Patients who underwent 
intended total thyroidectomy but who did not die were seen 
to develop a new, but smaller goiter. In autopsy studies, no 
thyroid tissue was found in the patients who died. This led 
Kocher to describe the cretinoid pattern, which he named 
“cachexia strumipriva”; this was first thought to be related 
to chronic asphyxia due to damage to the trachea and only 
later related to profound hypothyroidism [1]. In 1893, Ko-
cher reported that ingestion of raw thyroid tissue could im-

prove the severe symptoms of “cachexia strumipriva,” and 
others subsequently confirmed this finding. In turn, Kocher 
changed his earlier view that the thyroid gland’s main pur-
pose was just to regulate blood flow to the brain [9].

In 1889, Kocher published a series of 250 goiter resec-
tions and described precisely the surgical procedure he 
called “enucleation resection,” including the typical trans-
verse collar incision of the skin; today, this is still referred to 
as a Kocher incision. He also described why it is necessary to 
leave a minimum amount of healthy thyroid tissue behind to 
allow for continued thyroid function, and why it is essential 
to preserve the function of the recurrent laryngeal nerves as 
well as the parathyroid glands. However, in Kocher’s time, 
the function of the parathyroid glands was still unknown. For 
many years, the Kocher operation (advocating for less than 
total thyroidectomy) was standard of care; only recently has 
there been a shift toward total thyroidectomy for the purpose 
of reduced risk of recurrence. Only with the later develop-
ment of exogenous thyroid hormone supplementation and 
replacement has total thyroidectomy been rendered safe.

Tetany and hypoparathyroidism were not yet understood 
in Kocher’s time, but his (relatively) bloodless technique 
permitted him to have fewer complications postoperatively 
compared to his contemporaries [1]. Kocher was renowned 
for his purposeful and precise style of performing thyroidec-
tomy. With fastidious technique and integration of advanced 
antiseptic surgical methods, Kocher was able to reduce his 
perioperative mortality rate to 0.5 % by 1912 [10]. By that 
time, he had performed more than 5000 thyroid operations, 
making him perhaps the earliest “high-volume” endocrine 
surgeon, and the first surgeon who demonstrated that with 
increasing experience, patient outcomes are optimized.

Kocher also was interested in the etiology of the develop-
ment of goiters, and he performed a large study examining 
thousands of schoolchildren living in the canton of Bern; in 
this study, he described a total goiter prevalence rate that 
ranged from 20 to 100 % [11]. He realized that there were 
significant geological differences regarding the prevalence 
of goiter and cretinism, and further studies focused on its 
etiology with the aim being to provide prophylaxis for the 
Swiss population. Shortly before his death, Kocher recom-
mended that iodine supplementation be provided at a popula-
tion level in order to prevent goiters. However, he was con-
vinced at that time that iodine deficiency was not the cause 
of the development of goiters but rather an entity that could 
antagonize the real, unknown goitrogen. It was not until 
1914 that thyroxine was identified by Kendall, and later, in 
1926, first synthesized by Harrington in London.

Over the course of his career, Kocher published 249 sci-
entific articles and books, operated on thousands of patients, 
and trained new generations of surgeons. His way of teach-
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ing is still contemporary and has applications for the purpose 
of ensuring the highest quality surgical care. Fausto Chiesa 
summarized his strategy in an editorial around four points: 
(1) the importance of meticulous and repeated observations; 
(2) the knowledge of anatomy, pathology, and surgical tech-
niques; (3) the accuracy, care, and patience that are neces-
sary during surgical procedures (It is more important to be 
safe than fast!); and (4) the critical audit of results [12].

His fame and reputation as the first premier high-volume 
thyroid surgeon is robust today; rarely does a day go by 
when surgical trainees do not learn about the importance of 
the Kocher maneuver during pancreaticoduodenectomy, or 
perform a Kocher incision during thyroidectomy, or utilize 
or pass a Kocher clamp. His name and spirit continue to live 

in the city of Bern in the Theodor Kocher Institute, the Ko-
cher Park (Fig. 1), Kochergasse (Fig. 2), as well as in two 
Kocher busts, one placed in front of his so loved Inselspital, 
the University Clinic of Bern (Fig. 3).

Acknowledgments Daniel Candinas, MD FRCS, Chair of the Depart-
ment of Surgery, University Clinic of Bern, Inselspital, Switzerland.
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Fig. 1  Kocher  Park with House of University, Bern. (Photograph cour-
tesy of Bruno Worni)

  

Fig. 2  Street sign of the Kochergasse. (Photograph courtesy of Bruno 
Worni)

  

Fig. 3  Bust of Kocher in front of the Inselspital, Bern. (Photograph 
courtesy of Bruno Worni)
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Karl Adolph von Basedow was born on March 28, 1799, 
in Dessau, Germany, a town located between Berlin and 
Leipzig (Fig. 1). He was the son of an aristocratic family. His 
grandfather, Johann Bernhard Basedow, was a German edu-
cational reformer, teacher, and writer. In 1774, he founded 
the “Philanthropinum” in Dessau, a short-lived but influen-
tial progressive school inspired by the French philosopher J. 
J. Rousseau. Von Basedow’s father held a prominent position 
as president of the council of the principality of Anhalt [1].

Little is known about von Basedow’s youth. He had two 
sisters and one brother [1]. Basedow went to school in Dessau 
and then studied medicine at the University of Halle (south 
of Dessau), where he received his doctorate of medicine and 
surgery in January 1821 at the age of 22. His thesis, which 
was written in Latin, addressed a new method of lower leg 
amputation. After spending 2 years on the surgical services 
at two famous hospitals in Paris, Hòtel de Dieu and Charité, 
von Basedow obtained his license certifying him as a general 

practitioner, surgeon, and obstetrician in June 1822. In the 
summer of 1822, at the age of 23, Basedow settled in Merse-
burg (Fig. 1), a district town of about 8000 inhabitants, and 
began practicing as a general physician.

On April 23, 1823, von Basedow married Louise Frie-
derike Scheuffelhuth, the daughter of a district notary. They 
had three daughters and one son; their youngest daughter 
died at 6 months of age from tuberculosis [1]. Von Base-
dow was described as an affectionate father, taking time to 
play music with his daughters. He loved not only listening to 
music and concerts but also hiking, was an avid hunter and 
fisherman, and enjoyed socializing [2]. The evening soirées 
at the von Basedow’s were quite popular in the community.

In 1841, von Basedow was appointed Royal Medical 
Counselor, and in 1848, he was selected from among eight 
other candidates as state physician/chief medical officer 
(“Kreisphysikus”) for the district of Merseburg, a position 
he held until his untimely death. After pricking his finger 
while performing an autopsy on a patient who died of typhus 
or spotted fever, von Basedow developed a fever and died 3 
days later of sepsis on April 11, 1854, at the age of 55 [2, 3]. 
Von Basedow was buried in the Sixtus Cemetery in Merse-
burg on Good Friday, April 14, 1854.

As a physician, von Basedow had a reputation as a kind, 
talented, and skilled family doctor with extensive knowledge 
of all aspects of medical practice who also possessed a so-
cial conscience [2]. He was the “round-the-clock” physician 
for “the town and country,” caring for not only aristocrats 
but also the poorest, sometimes without seeking payment. 
In 1831, he voluntarily helped to fight the cholera epidemic 
in Magdeburg; an invaluable experience that he would later 
draw from when cholera afflicted Merseburg. He performed 
the autopsies of many of his patients, including his youngest 
child. The comprehensive care provided by von Basedow as 
a general practitioner during these times is truly remarkable.

Von Basedow was not only an astute and dedicated phy-
sician but he was also extremely dedicated to public health 
issues. He sought to end the “unchristian breast-feeding by 
paid wet nurses,” introduced testing of drinking water, and, 

Karl Adolph von Basedow.
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after observing the detrimental effects of arsenic-containing 
paints (“Schweinfurter Grün,” “poison green”), vehemently 
fought to ban paints containing arsenic [1, 2].

From a scientific standpoint, von Basedow became a 
member of the Medical Society of Leipzig in 1838 and was 
recognized as a very accomplished scholar with excellent in-
sight and foresight. Similar to his clinical practice, he had 
extensive, broad, and diverse scientific interests, which were 
documented in approximately 60 publications. The majority 
of his contributions addressed topics related to surgery, inter-
nal medicine, and obstetrics and gynecology. However, arti-
cles also focused on diseases of the eye, ear, nose, and throat, 
dermatology, neurology, and pediatrics, reflecting von Base-
dow’s extensive and different scientific interests [4].

Von Basedow’s most significant contribution to medicine 
was the first description of “Basedow disease” in the Ger-
man language on March 28, 1840, entitled “Exophthalmos 
due to hypertrophy of the cellular tissue in the orbit” [5]. 
In this seminal article, von Basedow describes “…there ap-
peared an eminent protrusion of the eyeballs, which by the 
way were absolutely healthy and had a completely full sight. 
In spite of this, the sick woman was sleeping with open eyes 
and had a frightening appearance.” This initial publication 
was followed by several others and the phrase “glotzaugen-
cachexie” or “google eyes cachexia” was coined [6, 7]. 
These publications represent von Basedow’s observations 
of four patients over periods ranging from 2 to 11 years. In 
his 1840 publication, von Basedow masterfully described 

the relationship between three characteristic symptoms: ex-
ophthalmos, palpitations, and goiter [5]. In 1851, these three 
cardinal symptoms characterizing the disease became known 
as “Merseburg triad.”

Von Basedow had impressive observation skills and de-
picted this illness meticulously, vividly, and accurately, de-
scribing a frequent pulse that was irregular and sometimes 
accelerated, a swollen thyroid gland, and eyeballs that could 
not be pushed back with movements that were hindered such 
that the patients slept with their eyes open [2]. He also re-
markably described the symptoms of heat intolerance (dur-
ing cold weather, women would wear open or light cloth-
ing), profound sweating, diarrhea, and weight loss in the 
presence of increased appetite, as well as weakness, tremor, 
pretibial myxedema, and temperament change [2]. His two 
most severely thyrotoxic female patients displayed an “un-
natural gaiety and carelessness,” and one, Madame F, was 
even placed in a lunatic asylum, although she never had any 
ill intentions or “abnormal expressions of will.”

Although the long-standing and extreme alterations of un-
treated disease are scarcely seen today, von Basedow clearly 
describes these processes such as observed in Herr M who 
lost his eyesight after his “prominent like a crayfish’s eyes” 
were gradually destroyed by infections, leaving residual 
craters [1]. In his female patients, he also reported on the 
amelioration of hyperthyroidism during pregnancy, as well 
as deterioration of disease in the postpartum period [2]. Re-
garding treatment, von Basedow reported that mineral wa-
ters that contained iodine and bromide and digitalis would 
improve the symptoms of hyperthyroidism [1].

There has been a long dispute over who first described 
these diagnostic features as these symptoms had been pre-
viously reported by Irish physician Robert James Graves 
in 1835 [8], Italians Antonio Giuseppe Testa in 1810 [9] 
and Giuseppe Flajani in 1802 [10], and British Caleb Hilier 
Parry in 1825 [11]. However, none of these other descrip-
tions were as extensive and complete as von Basedow’s, and 
von Basedow was the first to associate the large and com-
plex symptomatology to a single underlying disease process. 
Since 1858, this disease has been most commonly referred to 
as “Morbus Basedow” or Basedow’s disease in Europe and 
Graves’ disease in English-speaking countries [3].

Von Basedow not only described the relationship be-
tween these symptoms but also attempted to explain the 
pathophysiology of this unusual combination of symptoms 
and involved organs. He recognized that the exophthal-
mos was not due to any change in the eyeball but rather to 
hypertrophy of the surrounding tissues of the eye [5]. In ad-
dition, von Basedow was correct in postulating that the etiol-
ogy of this disease was mediated via the circulation when 
he hypothesized that “dyscrasia” (inadequate mixture) of 
the blood was responsible for the orbital swelling and goiter 
[12]. He proposed that the disease was due to a wrong mix-

Fig. 1  Map of Germany, indicating Dessau, von Basedow’s hometown, 
and Merseburg, the town where he practiced as a family physician and 
was laid to rest
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ing of the blood resulting in cell tissue congestion and glan-
dular vegetation in the affected organs [2].

During the next 100 years, over 50 publications proposed 
various etiologies for this disease process, but it was not until 
the late 1950s, when Adams and Purves discovered the anti-
body-mediated origin of this disease [13, 14]. It is now well 
accepted that Basedow’s disease is an organ-specific auto-
immune process that differs from all other autoimmune dis-
eases since it is associated with target organ hyperfunction 
and not organ destruction [15]. If we accept that “dyscrasia” 
describes circulating antibodies and immune imbalance and 
“cell tissue congestion and glandular vegetations” depict the 
cellular infiltration seen with autoimmune orbitopathy and 
thyroiditis, we can contemplate whether much progress has 
been made since von Basedow’s astute observations [2]. In 
March 1990, von Basedow’s outstanding contributions to 
this disease process were the focus of an international con-
vention, “150 Years of Morbus Basedow,” which was held in 
Halle and Merseburg, Germany.

Today, 160 years after the death of its describer, the exact 
etiology for autoantibody production resulting in the triad of 
symptoms known as Basedow’s disease and Graves’ disease 
remains to be determined. However, to this day, we are in-
debted to Dr. Karl von Basedow for his remarkable clinical 
observations and description of this disease process, as well 
as its potential pathophysiology, management, and treatment. 
In this modern era of technology and science, we should not 
forget the power of observation, the gift of astute reasoning, 
and the genius of Karl von Basedow.
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Born in Germany, Dr. Wolff was displaced to Holland at a 
young age as Hitler came into power. His father was a Jew-
ish pediatrician, and his mother was Dutch. At age 12, he 
would be relocated again, this time to San Francisco, where 
his father would repeat his pediatric residency.

Dr. Wolff’s high school chemistry teacher kindled his ini-
tial interest in chemistry and science research. This interest 
would later inspire him to major in chemistry and biochem-
istry at University of California (UC) at Berkeley, the univer-
sity where he would stay for his undergraduate, master’s, and 
doctorate degrees in physiology. He was drawn to Dr. Chai-
koff’s laboratory because he offered a salary—a rare thing at 
the time—of US$  100 a month. This was no small amount 
since tuition fees were US$ 25 per semester. Joining as an 
undergraduate student, Dr. Wolff spent a total of 4 years in 
Dr. Chaikoff’s laboratory.

Wolff’s accomplishments in the Chaikoff laboratory were 
made at a time when scientific research was grueling in 
comparison to modern standards. Dr. Wolff assembled his 
own Geiger tubes. To measure thyroxine, he digested thy-
roid glands from animals, performed an extraction with n-
butanol, then distilled the liquid with a Chaney still. At first, 
the laboratory bombarded tellurium on a copper target with 
deuterons to create radioactive iodine.

Wolff’s relationship with Chaikoff was often challeng-
ing. Chaikoff was very demanding, but at the same time, he 
empowered his trainees to shoo him away if they were con-
centrating on an experiment—something a busy Dr. Wolff 
would often do. In addition to laboratory work, writing 
papers together was equally arduous. Always maintaining 
a high standard, Dr. Chaikoff insisted that all papers went 
through the English department. Ultimately, the results were 
routinely superb and the added effort would prove worth-
while. Chaikoff’s passion and drive were infectious, and pro-
pelled Wolff into excellence early in his career.

Following his time at UC Berkeley, Wolff went to medi-
cal school at Harvard, followed by a medical internship at 
Massachusetts General Hospital. During his internship, he 
realized that patient care always left him unsatisfied and 
perpetually curious about underlying mechanisms. Thus, he 
was drawn back to basic science research, and joined the Na-
tional Institute of Health (NIH). At the NIH, after continuing 
thyroid studies, his later research focus shifted to the study 
of tubulin and microtubule assembly.

To this day, Dr. Wolff is frequently contacted to discuss 
the use of iodine in the event of nuclear accidents. His ex-
pertise was sought following hydrogen bomb testing at the 
Marshall Islands during the 1950s and after the Chernobyl 
accident in 1986. He was an early recruit to the clinical en-
docrinology branch of the National Institute of Diabetes and 
Digestive and Kidney Diseases (NIDDK), and later became 
the chief of the Endocrine Biochemistry Section of the Labo-
ratory of Biochemistry and Genetics at NIDDK. Now retired 
from research, he continues to be academically active and 
teaches at the NIH.

Dr. Jan Wolff (April 25, 1925). Photo of young Dr. Wolff in laboratory
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Dr. Israel Chaikoff joined the UC Berkeley in 1930, after 
obtaining his PhD and MD degrees from the University of 
Toronto. During his time at the University of Toronto, on 
the same campus, Dr. Frederick Banting performed his se-
ries of experiments that led to the discovery of insulin in the 
1920s. That discovery sparked Chaikoff’s interest in endo-
crine research, which focused on fat and carbohydrate me-
tabolism. Chaikoff gained early recognition as an outstand-
ing lecturer in endocrinology.

When Chaikoff arrived at Berkeley, the Department of 
Physiology was in its infancy. The faculty comprised one 
full professor and four assistant professors, all of whom been 
present for less than 3 years. Focused and determined, Chai-
koff often worked on experiments well into the night. Until 
he married, he lived mostly in the Faculty Club.

His doggedness would prove very fruitful. By the end 
of his career, Dr. Chaikoff would contribute more than 400 
publications. He also pioneered the use of radioactive iso-
topes in research, including I131 in thyroid metabolism and 
disease, P32 in phospholipid membrane turnover, and C14 in 
the study of hepatic steatosis. In addition to describing the 
Wolff–Chaikoff effect and other aspects of thyroid physiol-
ogy, he made significant contributions to the study of adrenal 
hormones, fatty acid metabolism, and cholesterol synthesis. 
Chaikoff later become co-chairman of his department and 
received numerous accolades, including the Endocrine Soci-
ety medal in 1958. Today, the Chaikoff Memorial Award is 
given each year to an undergraduate student at UC Berkeley 
who distinguishes him or herself in the area of molecular and 
cell biology.

Chaikoff was afflicted with severe asthma. Despite his 
condition, he continued to lecture, mentor his graduate stu-
dents, and conduct world-class research. The condition also 
did not prevent him from enjoying one of his most beloved 
meals once a month, spaghetti al pesto, despite the mild re-

action that would inevitably follow. Sadly, Chaikoff’s career 
was cut short in 1966, when he passed away from status asth-
maticus. Chaikoff’s legacy lies not only in his discoveries, 
the significance of which echoes into modern day, but also in 
his teachings, which shaped many great scientists, including 
Dr. Wolff, Dr. Isadore Perlman, Dr. Gordon Tomkins, and 
many others.

Discovery of the Wolff–Chaikoff Effect

In the 1940s, iodine was available to the public and had been 
used to treat thyroid disease and other ailments for some 
time before Wolff and Chaikoff made their discovery. Lu-
gol’s solution, a solution of elemental iodine and potassium 
iodide, was first made in 1829. It was used to treat hyper-
thyroidism, though its mechanism of action was poorly un-
derstood. Surgeons of that era also used it to reduce thyroid 
vascularity prior to thyroid operations. Iodine deficiency as 
a cause of goiter formation and cretinism gained wide recog-
nition in the late eighteenth and early nineteenth centuries. 
This led to the development of iodized salt in Switzerland. 
Subsequently, iodized salt was championed in the USA by 
the University of Michigan, and widely distributed through-
out the USA by the Morton Salt Company in 1924.

The discovery of the Wolff–Chaikoff effect was based 
upon a simple objective: to determine the degree to which 
iodine supplementation can increase thyroid hormone pro-
duction. Wolff and Chaikoff hypothesized that plasma iodide 
would exert a sigmoidal effect on endogenous thyroxine pro-
duction in rats; in other words, that increasing doses of io-
dine would increase thyroxine production until the thyroid 
gland became saturated, at which point hormone produc-
tion would plateau. To their surprise, higher doses of iodine 
paradoxically resulted in less thyroidal iodine organification 
compared to smaller doses. After repeated trials and other 
researchers confirmed the effect, they concluded that plasma 
iodine levels above a certain threshold inhibit thyroid hor-
mone production by the thyroid: a phenomenon now known 
as the Wolff–Chaikoff effect [1]. The Wolff–Chaikoff effect 
is now seen as an autoregulatory, homeostatic mechanism 
that protects against the wide fluctuations in thyroxine lev-
els that would otherwise result if thyroxine production were 
purely a function of dietary iodine intake.

The mechanisms underlying the Wolff–Chaikoff effect 
are still being studied, but are now hypothesized to involve 
the formation of inhibitory iodolipids. Currently, it is known 
that high serum and thyroidal iodide levels trigger cell sig-
naling cascades that lead to downregulation of the sodium/
iodide symporter on the thyrocyte cell surface, resulting in 
decreased availability of intracellular iodide for organifica-
tion [2]. Excess serum iodide also has a number of effects on 
intracellular signaling molecules and interactions with cell 

Dr. Israel Lyon Chaikoff (July 2, 1902–January 25, 1966; Born in 
London, England). Photo of Dr. Chaikoff ( left) with colleague Dr. 
Walter Griesbach
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membrane phospholipids. Though the clinical significance 
of many of these individual interactions remains unknown, 
the net effect is downregulation of many thyroidal as well 
as systemic metabolic functions. Further research has also 
revealed an “escape phenomenon,” by which the normal thy-
roid regains normal thyroid hormone production after 2–6 
days of exposure to persistently high serum iodide levels. A 
related effect, the Jod-Basedow phenomenon, also deserves 
mention. The Jod-Basedow phenomenon describes altered 
thyroid physiology in patients with endemic goiter due to 
chronic iodine deficiency. In direct contrast to the inhibitory 
effect described by Wolff and Chaikoff, a small percentage 
of chronically iodine-deficient patients can develop hyper-
thyroidism upon receiving iodine supplementation, an effect 
not seen in individuals with normal thyroid glands; this rep-
resents a failure of the Wolff–Chaikoff effect in these indi-
viduals.

Clinical Applications

The Wolff–Chaikoff effect underpins the use of iodine as 
a treatment for autoimmune hyperthyroidism (Graves’ dis-
ease). Patients with autoimmune thyroid disease display ab-
normal autoregulation and “fail to escape” from the Wolff–
Chaikoff effect. Hence, strong iodine preparations such as 
supersaturated potassium iodide (SSKI) and potassium 
iodide–iodine solution (Lugol’s) can be used to medically 
manage Graves’ disease for weeks. Today, a short course 
(5–10 days) of iodine is commonly administered to lower 
thyroxine concentrations and decrease gland vascularity to 
prepare for thyroidectomy in Graves’ disease.

Iodine is also given prior to diagnostic scanning with I131-
labeled metaiodobenzylguanidine (mIBG, used to image 
pheochromocytomas and paragangliomas) to protect the 
thyroid gland from damage from the radioisotope. Iodinated 
intravenous contrast is frequently administered to enhance 
imaging with computed tomography. In patients with differ-
entiated thyroid cancer, at least 1 month must be allowed to 
pass following the administration of contrast for iodine to 
“wash out” through urinary excretion prior to eligibility for 
therapeutic radioactive iodine [3]. Different contrast media 
preparations release iodine at different rates, requiring tailor-
ing of new recommendations to individual contrast agents. 
These clinical applications are both mediated by the Wolff–
Chaikoff effect.

Radiation Safety Applications

The Wolff–Chaikoff effect carries a number of societal im-
plications that extend beyond the realm of patient care. At 
present, more than 400 nuclear power plants are functioning 

worldwide, providing approximately 15 % of the world’s en-
ergy [4]. Radioactive iodine isotopes, including I129 and I131, 
are volatile products of nuclear fission that have the poten-
tial to disperse rapidly into the environment unless properly 
contained. I129 has a half-life of 15.7 million years, and thus 
is not a safety concern, but it can be used for long-term moni-
toring of artificial products of nuclear fission. In contrast, 
I131 is a beta-emitting isotope with a relatively short half-
life of 8 days; ionizing radiation from I131 exposure can lead 
to thyroid injury, thyroiditis, and increased risk of thyroid 
cancer. As evidenced by the rise in thyroid cancer incidence 
in Belarus and Ukraine following the 1986 Chernobyl nu-
clear disaster, the accidental release of radioactive I131 from 
nuclear power plants can have serious deleterious health ef-
fects [5]. Despite progress in nuclear safety over time, the 
recent Fukushima Daiichi nuclear accident (which released 
approximately 10 % of the amount of radioactive iodine that 
was released during the Chernobyl accident) highlights the 
continued importance of population preparedness for nuclear 
fallout [6].

In the event of a nuclear power plant accident, the pro-
phylactic administration of iodine will prevent thyroidal up-
take and concentration of radioactive iodine isotopes via the 
Wolff–Chaikoff effect. Ideally, the prophylactic dose should 
be distributed in advance, within a large radius around any 
nuclear reactors. Following the Chernobyl accident, potassi-
um iodide was widely distributed by the Polish government 
to children and the elderly. In the USA, the Public Health 
Security and Bioterriorism Preparedness and Response Act 
of 2002 states that the federal government will provide po-
tassium iodide for distribution in a 10-mile radius around all 
domestic nuclear reactors [7]. However, the governing bod-
ies of many reactors have waived this provision, arguing that 
evacuation and sheltering are more effective means of pre-
venting radiation poisoning.

Though prophylactic iodide supplementation is often dis-
cussed in the setting of possible terrorist attacks involving a 
“dirty bomb” device, it would likely be of little practical use. 
A dirty bomb is a theoretical weapon that would use con-
ventional explosives to disperse radioactive material. The 
wide dispersal area of radioactive particles would make dirty 
bombs a tool for generating injury, panic, and fear, though 
the doses of radiation exposure would likely be nonlethal. If 
such a device were to contain radioactive iodine, then pro-
phylactic iodine would help reduce thyroidal uptake of the 
radioactive material. However, dirty bombs are very unlikely 
to contain I131 in large amounts, and iodine supplementation 
would not protect against other radioactive materials. If a 
dirty bomb were to be employed, it would more likely utilize 
radioactive materials with a longer half-life, such as stron-
tium-90 (half-life 29 years). The radioactivity of other fis-
sile, biologically hazardous materials would have rapidly de-
cayed before such a device could be detonated. In the event 
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of a nonradioactive iodine-based bomb, only evacuation and 
sheltering would be effective in preventing or minimizing 
radiation exposure.
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Hyperthyroidism

Hyperthyroidism is the overproduction of thyroid hormones 
resulting in thyrotoxicosis. Symptoms of hyperthyroidism 
can vary depending on the severity of thyrotoxicosis and the 
age of the patient. Common symptoms include nervousness, 
increased sweating and heat intolerance, palpitations, fa-
tigue, weight loss, dyspnea, and weakness. These symptoms 
are often well tolerated in younger patients. Older patients 
can present with cardiovascular symptoms, depression, leth-
argy, and weakness (termed “apathetic hyperthyroidism”) 
[1]. The diagnosis is made on the basis of elevated free T4 or 
T3 level and suppressed thyroid-stimulating hormone (TSH) 
level. In subclinical hyperthyroidism, the mildest form of 
hyperthyroidism, only the TSH is abnormal.

The most common cause of hyperthyroidism is Graves’ 
disease, an autoimmune disease resulting in production of 
TSH-receptor-stimulating antibodies. Other causes include 
toxic adenoma, toxic multinodular goiter (TMG), postpar-
tum thyroiditis, and subacute and rarely suppurative thyroid-
itis. Symptoms are similar but can vary depending on the 
degree of thyroiditis and patients with Graves’ disease may 
have symptoms related to the nonthyroidal manifestations 
(exophthalmos, dermopathy, acropachy). The diagnosis is 
often made on clinical presentation and examination; how-
ever, studies such as iodine-123 scans (I-123), ultrasonogra-
phy (US), and laboratory values are required for an accurate 
diagnosis. Treatment strategies are tailored to the etiology 
and the individual patient and can range from medical man-
agement to surgical intervention.

Graves’ Disease

Graves’ disease is the most common type of thyrotoxicosis 
affecting approximately 2 % of women and 0.2 % of men [2, 
3]. The peak incidence is in the third to fourth decades of 
life. In the USA, it accounts for 75 % of thyrotoxic patients 
[4]. In Graves’ disease, the thyrotropin receptor on the fol-
licular cells is the target for thyroid autoantibodies that bind 
to these receptors, stimulating them just as TSH triggers the 
receptor. This results in constant autonomous thyroid func-
tion, hyperthyroidism, and diffuse enlargement of the thyroid 
gland without focal nodules, referred to as diffuse toxic goi-
ter. Pathologically, there is diffuse hyperplasia of the follicu-
lar epithelial cells and depletion of colloid, with increased 
vascularity. In addition to the autoimmune basis for Graves’ 
disease, other factors likely play an important role. Graves’ 
disease is likely the result of a complex interaction between 
autoimmune, genetic, and environmental factors.

The autoimmune basis for Graves’ disease involves a 
group of immunoglobulin G (IgG) autoantibodies that are 
produced by B lymphocytes which bind and activate the 
thyrotropin or TSH receptor (TSHR). These IgG antibodies 
are variably termed thyroid-stimulating antibody (TSAb), 
thyroid-stimulating immunoglobulin (TSI), or thyrotropin 
receptor antibody (TRAb), and stimulate the thyrocyte in 
a similar fashion to TSH, causing secretion of T3 and T4, 
resulting in hyperthyroidism [5]. Serologic tests (i.e., TSI 
level) can help confirm the diagnosis of Graves’ disease in 
patients with hyperthyroidism. The initiating cause for the 
production of the autoantibodies is still unknown. Environ-
mental and genetic factors may play a role.

Studies of monozygotic twins have shown that Graves’ 
disease may have a genetic component with a familial pre-
disposition. Concordance rates of disease occurrence as high 
as 60 % have been reported in monozygotic twins. This is in 
contrast to 3–9 % in dizygotic twins and 0.2 % of the general 
population [6].

An environmental influence, or some sort of triggering 
event, has long been sought as a contributing factor to the 
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development of Graves’ disease. Although bacteria, viruses, 
tobacco, and stress have been implicated in the pathogenesis 
of Graves’ disease, there is no clear evidence of cause and 
effect.

The clinical features of Graves’ disease are listed in 
Table 1. The hyperthyroid features of Graves’ disease are 
nonspecific and occur with all types of thyrotoxicosis, re-
gardless of etiology including tachycardia, widened pulse 
pressure, warm skin, proximal muscle weakness, and fine 
tremor. Unique features of Graves’ disease include ophthal-
mopathy (proptosis) and dermopathy (pretibial myxedema).

Graves’ disease is characterized by suppressed TSH level 
and an elevated serum-free T4. The suppressed TSH level 
helps exclude other conditions in which the serum T4 may 
be elevated, such as estrogen therapy, nonthyroidal illness, 
TSH-secreting pituitary adenoma, or central thyroid hor-
mone resistance [7].

Once the diagnosis of thyrotoxicosis is established, radio-
nuclide scintigraphy may be useful in differentiating Graves’ 
disease from other causes of hyperthyroidism. In Graves’ 
disease, the thyroid gland is diffusely enlarged with intense, 
diffuse radiotracer uptake often as high as 80 % in 24 h. The 
uptake is homogeneous whereas in TMG there are areas of 
both increased and decreased uptake. The overall uptake in 
TMG is not as avid as in Graves’ disease. In toxic adenoma, 
there is focal uptake in a single nodule, often with suppres-
sion of the remaining normal glandular tissue (Table 2).

On ultrasound, patients with Graves’ disease have a dif-
fusely enlarged thyroid gland, with a smooth but lobular 
surface contour. The thyroid gland may range from being 
isoechoic to diffusely hypoechoic, and is typically homoge-
neous and with increased vascularity often referred to as “the 
thyroid inferno” [8].

The treatment of Graves’ disease is directed at decreasing 
the B-adrenergic symptoms by administering a B-blocking 
drug and inhibiting the synthesis and release of thyroid hor-
mone thus reversing the catabolic effects. B-blocking agents 
such as propranolol and atenolol can quickly reduce symp-
toms of palpitations, nervousness, sweating, and tremor. 
Inhibition of thyroid hormone synthesis and release can be 
achieved by thionamide drugs, radioiodine (RAI) therapy, 
and surgery (Table 3).

The two most common thionamide drugs are methima-
zole (Tapazole, MMI) and propylthiouracil (PTU). Both 
agents are equally effective. MMI has a greater potency and 
longer biological half-life, whereas PTU has the theoretical 
advantage of a more rapid fall in serum T3 levels because of 
its property of inhibiting peripheral conversion of T4 to T3 
[9]. Biochemical euthyroidism is usually established within 
6–8 weeks and doses are adjusted accordingly. The drugs 
are well tolerated with minimal side effects. Approximately 
20 % of patients are allergic to both agents, necessitating the 
use of RAI or surgery. The most serious side effect of the 
drugs is agranulocytosis, which is rare and can occur in 0.2–
0.5 % of patients, and can be fatal. However, elevations in 
liver enzymes may also necessitate cessation of thionamides 
[10, 11].

Complete remission rates with thionamides vary consid-
erably; however, studies have shown up to 75 % remission 
rate with high-dose therapy. Most relapses following cessa-
tion of thionamide therapy occur shortly after the drugs are 
discontinued. In some cases, relapses can occur even sev-
eral years later; therefore, these patients need to be followed 
closely for extended periods of time. Patients who fail thion-
amide therapy will require definitive therapy, either RAI or 
total thyroidectomy.

In the USA, RAI therapy is the most common choice of 
therapy for Graves’ disease [12]. Its benefits include general 
effectiveness, relatively low expense, and minimal side ef-
fects. However, RAI therapy may take months to have an 
effect. The most common side effect is dry mouth which may 
be temporary and in rare cases permanent. The most con-
siderable side effect is hypothyroidism which is actually the 
intended goal of therapy. The risk of secondary malignan-
cies from RAI therapy for Graves’ disease is very small and 
usually not considered significant for adult patients [13, 14]. 
The risk of developing deleterious genetic, carcinogenic, 
teratogenic, and reproductive effects from RAI therapy for 
Graves’ disease is negligible [15–17]. Contraindications for 

Symptoms
Nervousness
Heat intolerance
Insomnia
Anxiety
Hyperhidrosis
Weight loss
Fatigue
Muscle weakness
Decreased menstrual flow
Palpitations
Signs
Tachycardia
Ophthalmopathy
Dermopathy (pretibial myxedema)
Proximal muscle weakness
Diffuse goiter (+ /− bruit)
Fine tremor
Spooning of nails

Table 1  Symptoms and signs 
of Graves’ disease Scan findings

Graves’ disease intense diffuse uptake
Toxic adenoma focal uptake with suppressed adjacent tissue
Toxic multinodular goiter areas of patchy uptake

Table 2   Radionuclide scanning and hyperthyroidism
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RAI therapy include pediatric age, pregnancy, and nursing 
mothers. Patients treated with RAI therapy should avoid be-
coming pregnant for at least 6 months [15].

Surgical management of Graves’ disease is becoming 
more common in the USA [18]. Advantages to surgery in-
clude its high success rate, rapid onset of effect, and relative 
safety. Both thionamide and RAI therapy can take weeks to 
months to achieve euthyroidism. Thyroidectomy offers im-
mediate therapeutic response. The risk of surgery, including 
hypoparathyroidism and vocal cord paralysis, is very low 
in high-volume surgeons [18, 19]. Unlike the high relapse 
rate after discontinuation of thionamides, surgery reliably 
provides a cure with only a small chance of recurrent hyper-
thyroidism.

Patients who would certainly benefit from surgery are 
those with large goiters likely to be resistant to RAI, patients 
with compressive symptoms, and those with coincidental 
thyroid nodules concerning for malignancy. Approximately 
13 % of patients with Graves’ disease have thyroid nodules 
suspicious for carcinoma [20]. Studies have shown that the 
incidence of malignancy for a solid, cold nodule is the same 
as for a patient without the disease, 15–20 %. Some studies 
suggest that thyroid carcinoma in patients with Graves’ dis-
ease is more likely to be aggressive, with increased lymph 
node metastasis and local invasion [21, 22]. Multiple other 
studies report no difference in the prognosis of carcinoma for 
patients with or without Graves’ disease.

Other indications for surgical management of Graves’ dis-
ease include medically noncompliant patients, thyroid storm 
unresponsive to medical therapy, amiodarone-induced thy-
rotoxicosis, and thyroid-associated ophthalmopathy (TAO). 
TAO can be seen in up to 50 % of patients with Graves’ dis-
ease [23]. Some studies have shown that total thyroid abla-
tion by surgery or RAI decreases initiation and halts progres-
sion of TAO [24–26]. Studies have also reported that RAI 
may worsen TAO. Of the two ablative therapies, surgery ap-
pears to be more effective than RAI.

Preoperative preparation is recommended to avoid in-
traoperative or postoperative thyroid storm. Many differ-
ent regimens have been utilized. Most regimens consist of 
a combination of thionamide therapy, iodine (SSKI, Lugol’s 
solution), and/or B-blocking agent. The choice of operation 
also varies based on surgeon preference and should be indi-

vidualized for each patient. The three main operations are 
total thyroidectomy, bilateral subtotal thyroidectomy, and 
total lobectomy with contralateral subtotal lobectomy. The 
goal is to avoid hypoparathyroidism and injury to the recur-
rent laryngeal nerves, and at the same time minimize the 
chance of recurrent hyperthyroidism. Most authors recom-
mend total thyroidectomy when possible. The other options 
leave remnant tissue and are associated with an increased 
rate of recurrent hyperthyroidism. After surgery, most pa-
tients are rendered hypothyroid and life-long thyroid hor-
mone replacement therapy should be anticipated.

Toxic Nodular Goiter

The term toxic nodular goiter refers to two entities: toxic ad-
enoma, implying a single lesion, and toxic multinodular goi-
ter (TMG), in which more than one hyperfunctioning nodule 
exists. Toxic nodular goiter was first described as a type of 
thyrotoxicosis clinically distinct from Graves’ disease by 
Henry Plummer in 1913. Often the term Plummer’s dis-
ease is used to describe thyrotoxicosis resulting from either a 
single nodule or multiple autonomous nodules.

Toxic Adenoma
Toxic adenomas are discrete, solitary nodules that may occur 
at any age. They are most common in the third to fourth 
decade of life and they are rare in children [27, 28]. Toxic 
adenoma synthesizes and secretes thyroid hormone inde-
pendent of TSH control. This results in TSH suppression, 
with increased T3 and T4 levels. Usually the nodule is the 
only functioning tissue with the extranodular tissue becom-
ing dormant. This is highlighted in the hotspots seen with 
radionuclide scanning (Table 2). Toxic adenomas seem to be 
more prevalent in regions of iodine deficiency and recently 
it has been shown that a mutation of the gene for the TSHR 
may be associated with their development. This mutation 
results in the constitutive activation of the cyclic adenosine 
monophosphate (cAMP) cascade, causing hypersecretion of 
thyroid hormone and tissue growth [29–32].

Most toxic adenomas are follicular adenomas with car-
cinoma being very rare. Hyperthyroidism usually does 
not occur until the nodule is 2.5–3.0 cm in diameter. The 

Table 3  Hyperthyroidism and treatment options
Thionamides RAI Surgery

Graves’ disease a a a

Toxic adenoma –  c a

Toxic multinodular goiter –  b a

a Recommended
b Sometimes recommended
c Rarely recommended
(–) Not recommended
RAI radioiodine
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symptoms and signs of hyperthyroidism are milder than in 
Graves’ disease and do not include ophthalmopathy and 
dermopathy. The diagnosis is usually established by a sup-
pressed TSH and elevated free T3 or free T4 levels. In sub-
clinical thyrotoxicosis, serum levels of T3 and T4 may be 
normal. Confirmation of the diagnosis may require radionu-
clide scanning, showing concentration of RAI in the nodule 
with inhibition of RAI uptake in surrounding thyroid tis-
sue. Fine-needle aspiration biopsy of toxic adenomas is not 
recommended. They are rarely malignant and more impor-
tantly, cytologic features of toxic adenomas can be mislead-
ing. These lesions often exhibit cellular atypia suggestive of 
a follicular neoplasm or well differentiated thyroid cancer 
[33].

The treatment for toxic adenomas is either ablation or sur-
gery (Table 3). Unlike Graves’ disease, there is no role for 
thionamides in the management of toxic adenomas. Long-
lasting remission rarely occurs with thionamide therapy and 
after therapy is stopped, the chance of recurrent hyperthy-
roidism is high. Radioiodine therapy can be effective but the 
doses required are usually higher than those used in Graves’ 
disease. Also, complete nodule regression with RAI therapy 
is not common and continued surveillance is necessary. This 
makes RAI therapy less desirable than surgery. Sclerosing 
agents such as ethanol have been shown to be effective in 
several small series [34, 35]. However, multiple injections 
are often needed (3–13) and exacerbation of hyperthyroid-
ism and temporary vocal cord paralysis have been reported 
with ethanol injection [36, 37].

Surgery is commonly employed in the treatment of toxic 
adenomas and is usually the treatment of choice. Unilat-
eral thyroid lobectomy is the preferred procedure by most 
authors. It is very effective with low risk of hypothyroid-
ism since the contralateral lobe is not removed. Surgery also 
provides tissue for pathologic diagnosis in the rare cases of 
suspected carcinoma.

Toxic Multinodular Goiter
The prevalence of TMG is significantly higher in areas of 
endemic goiter and iodine deficiency. In areas where iodine 
repletion has occurred, the prevalence of TMG has decreased 
[38]. A genetic predisposition and female gender also seem 
to play a role in the development of TMG.

TMG seems to evolve over many years from sporadic, dif-
fuse goiter to the development of functional autonomy and 
eventual clinical thyrotoxicosis. The pathogenesis of TMG 
likely involves iodine deficiency which leads to a decreased 
production of thyroid hormone, resulting in an increase in 
TSH secretion, promoting goiter formation [39, 40]. Mul-
tiple nodules develop which in time become autonomous. 
Autonomous areas eventually grow large enough to secrete 
increased amounts of thyroid hormone and suppress TSH. 
Hyperthyroidism can be precipitated in nontoxic multinodu-

lar goiter both with autonomy and without autonomy and in 
TMG by iodides (i.e., intravenous (IV) contrast media) [41]. 
This is referred to as the Jod-Basedow phenomenon.

Due to the many years it takes to develop, TMG gener-
ally occurs in older persons. The hyperthyroidism tends to be 
insidious in onset, may be mild to severe, and is unaccompa-
nied by the infiltrative ophthalmopathy and dermopathy of 
Graves’ disease. In older patients, the hyperthyroidism may 
be masked and the patient may present with cardiac find-
ings such as atrial fibrillation, tachycardia, congestive heart 
failure, angina, weight loss, anxiety, insomnia, or muscle 
wasting. Patients with TMG often have no thyromegaly on 
clinical examination.

The diagnosis of TMG is a clinical one, based on physical 
examination and laboratory confirmation. Serum levels of 
free T3 and free T4 are elevated with a suppressed TSH. Ra-
dionuclide scanning reveals a multinodular gland with areas 
of increased patchy uptake (Table 2).

The principal treatment options for TMG include RAI 
therapy or surgery (Table 3). Since remission does not occur 
with TMG, the long-term use of thionamides is not indicated 
unless there are contraindications to the use of RAI therapy 
or surgery. Patients with TMG often require multiple doses 
of RAI to control hyperthyroidism because of the larger 
gland size and lower uptake of RAI, when compared to pa-
tients with Graves’ disease. Although RAI treats the hyper-
thyroidism, studies show that it does not significantly reduce 
goiter size, compressive symptoms, or substernal extension, 
because TMG contains areas of fibrosis, calcifications, and 
nonfunctioning nodules [42, 43].

Surgery is usually recommended in younger, healthier pa-
tients with large goiters and/or compressive symptoms. Ei-
ther bilateral subtotal thyroidectomy or total thyroidectomy 
is the preferred operation. Bilateral subtotal thyroidectomy 
has the potential advantage of decreased hypoparathyroid-
ism, decreased vocal cord paralysis, and decreased hypo-
thyroidism. However, the incidence of recurrent hyperthy-
roidism is greater than in total thyroidectomy patients. Total 
thyroidectomy results in near-zero recurrence but nearly all 
patients are rendered hypothyroid, requiring thyroid hor-
mone supplementation. Total thyroidectomy for patients 
with TMG is a safe operation in experienced hands with low 
rates of hypoparathyroidism and vocal cord paralysis [44].

Thyroiditis

Thyroiditis, infiltration of the thyroid gland with inflamma-
tory cells, may be seen in a diverse group of autoimmune, 
inflammatory, and infectious processes. It comprises a di-
verse group of disorders that are among the most common 
endocrine abnormalities encountered. The diagnosis of thy-
roiditis is based on the clinical presentation and laboratory 
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analysis of thyroid function. Thyroiditis can be classified 
as (1) chronic, which includes Hashimoto’s thyroiditis and 
Riedel struma, (2) subacute, which includes lymphocytic 
and granulomatous, and (3) acute suppurative, which is rare 
(Table 4).

Hashimoto’s Thyroiditis

Hashimoto’s thyroiditis, also called chronic lymphocytic 
thyroiditis, is the prototypical autoimmune thyroiditis. 
Hashimoto’s is the most common cause of goiter and hypo-
thyroidism in the USA and affects approximately 2 % of the 
general population [45]. Hakaru Hashimoto first described 
this disorder in 1912 and termed it “struma lymphomatosa.”

Pathologically, the thyroid gland is initially enlarged and 
has lymphocytic and plasma-cell infiltration, follicular cell 
atrophy, and interlobular fibrosis, eventually leading to a 
shrunken fibrotic gland [46]. The normal follicular cells are 
altered and often replaced with pink oxyphilic or Hurthle 
cells. Classically, Hashimoto’s thyroiditis occurs as a pain-
less diffuse goiter in young to middle-aged women in their 
third and fourth decades and is frequently associated with 
asymptomatic hypothyroidism [47]. Hashimoto’s thyroiditis 
has also been reported to occur with increased frequency 
in patients with other autoimmune disorders such as lupus, 
Graves’ disease, and pernicious anemia [48].

The hallmarks of this disorder are high circulating titers 
of antibodies to thyroid peroxidase (90 % of patients) and 
thyroglobulin (20–50 % of patients). Antibodies to the TSHR 
have also been identified. The inciting event that triggers 
the development of antithyroid antibodies remains unclear. 
There does appear to be a genetic predisposition, with re-
ported associations with human leukocyte antigen (HLA)-
DR3, HLA-DR5, and HLA-B8 [49–51]. Viral etiologies 
and smoking have also been implicated. Although the exact 
pathogenesis is not known, it is clear that thyroid autoimmu-
nity drives the lymphocytic collection and is responsible for 
thyroid epithelial cell damage. Progressive, immune-mediat-
ed thyroid cell damage leads to goiter formation and thyroid 
gland failure.

The clinical presentation varies, depending on the stage at 
the time of presentation. The patient may be completely as-
ymptomatic or present with hypothyroid symptoms. Physi-
cal examination typically reveals a firm, bumpy, nontender 
goiter, often symmetric, with a palpable pyramidal lobe. 

Usually there are no discrete nodules. Single or dominant 
nodules should be evaluated and if indicated a fine-needle 
aspiration biopsy should be performed to exclude malignan-
cy. Thyroid hormone levels may also vary based on time of 
presentation. They may be normal with a normal TSH (eu-
thyroid), low with an elevated TSH (hypothyroid), or normal 
with an elevated TSH (subclinically hypothyroid). Euthyroid 
individuals with Hashimoto’s thyroiditis develop hypothy-
roidism at a rate of approximately 5 % per year [52]. Mild 
thyrotoxicosis (“Hashitoxicosis”) has been reported to be 
the initial presentation in up to 5 % of patients with Hashi-
moto’s thyroiditis [53]. The clinical course for Hashimoto’s 
thyroiditis is variable. Up to 50 % of patients can become 
subclinically hypothyroid and 5–40 % can become clinically 
hypothyroid, emphasizing the importance of following thy-
roid function tests in these patients [54].

Imaging studies for Hashimoto’s thyroiditis are not par-
ticularly useful. Radionuclide scanning usually reveals 
patchy nonspecific uptake with minimal clinical signifi-
cance. Ultrasound reveals marked hypoechogenicity with 
coarse echogenic bands. If a dominant nodule is found, then 
follow-up with repeat sonography and/or fine-needle biopsy 
may be warranted. Patients with Hashimoto’s thyroiditis can 
be at increased risk of developing B-cell lymphoma, and as 
such, rapid growth in the setting of Hashimoto’s thyroiditis 
should raise concern about the possibility of thyroid lym-
phoma [55, 56].

The treatment of Hashimoto’s thyroiditis consists of thy-
roid hormone replacement for hypothyroidism. Levothyrox-
ine is the hormone of choice for replacement therapy because 
of its consistent potency and prolonged duration of action. In 
patients who remain symptomatic on levothyroxine alone, 
combination therapy with liothyronine may be beneficial. 
Surgery is indicated only for large symptomatic goiters or 
persistent painful Hashimoto’s thyroiditis.

Subacute (Painless) Lymphocytic Thyroiditis

There are two forms of painless thyroiditis, sporadic silent 
and postpartum, both sharing very similar features. It is char-
acterized by destruction of the thyroid gland by lymphocytes 
(destruction-induced thyroiditis), absence of pain, and tem-
porary thyroid dysfunction. Sporadic silent thyroiditis and 
postpartum thyroiditis are probably variants of the same dis-
order, distinguished only by their relationship to pregnancy.

Hashimoto’s thyroiditis (chronic lymphocytic thyroiditis)
Subacute (painless) lymphocytic thyroiditis

Sporadic silent thyroiditis
Postpartum thyroiditis

Subacute (painful) granulomatous thyroiditis (de Quervain’s thyroiditis, giant cell thyroiditis)
Acute suppurative thyroiditis
Riedel struma (Riedel’s thyroiditis, invasive fibrous thyroiditis)

Table 4  Different types of 
thyroiditis
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The etiology is unclear, but the immune system is likely 
involved because it has been found in patients with a wide 
variety of autoimmune diseases. HLA-DR3 is present in 
increased frequency in both sporadic and postpartum thy-
roiditis [57]. HLA-DR5 is also increased in frequency in 
postpartum thyroiditis [57]. Histopathology shows extensive 
lymphocytic infiltration, collapsed follicles, and degenera-
tion of follicular cells [58, 59]. The changes can be either 
focal or diffuse, with lymphoid follicles being present in 
about half of the patients [59]. Unlike Hashimoto’s thyroid-
itis, there is usually no stromal fibrosis, oxyphilic changes, 
or germinal centers.

Clinically, the patient typically passes through four 
phases: thyrotoxic, euthyroid, hypothyroid, and euthyroid, 
although not all phases are seen in all patients. The initial 
thyrotoxicosis is caused by a release of preformed hormone 
and not because of sustained overproduction of the hormone 
and therefore is not true hyperthyroidism [60]. The thyro-
toxicosis typically lasts from 3 to 6 months but can persist 
up to a year. Postpartum thyroiditis typically occurs 4–6 
weeks following delivery. It occurs in up to 5 % of postpar-
tum women and may recur with subsequent pregnancy [61]. 
The process usually resolves after transient hypothyroidism; 
however, some patients (20 %) progress to chronic lympho-
cytic thyroiditis.

Symptoms are generally mild; however, in certain cases 
they can be severe. The initial thyrotoxic phase in postpar-
tum thyroiditis is usually milder than in sporadic silent thy-
roiditis. The thyroid is symmetrical, slightly enlarged, and 
painless. The erythrocyte sedimentation rate (ESR) is usu-
ally normal. Because the hyperthyroid phase is usually tran-
sient and mild, most patients do not require treatment.

Subacute (Painful) Granulomatous Thyroiditis

Subacute granulomatous thyroiditis is also referred to as de 
Quervain’s thyroiditis, giant cell thyroiditis, pseudogranu-
lomatous thyroiditis, and subacute painful thyroiditis. The 
pathology of this disorder was first described by Fritz de 
Quervain in 1904 [62]. He showed giant cells and granu-
lomatous changes in the thyroid gland of affected patients.

Like sporadic silent and postpartum thyroiditis, subacute 
granulomatous thyroiditis is a spontaneous, remitting, in-
flammatory disorder that may last for weeks to months. As 
with other thyroid disorders, subacute granulomatous thy-
roiditis is more common in women, with a peak incidence 
in the fourth and fifth decades of life and is rarely seen in 
children or the elderly [62].

The pathogenesis of subacute granulomatous thyroiditis 
is unclear. It does not seem to be an autoimmune disease. 
A viral etiology has been implicated; however, the evidence 
is largely indirect [63–65]. Subacute thyroiditis has been 

associated with adenovirus, Coxsackie, Epstein–Barr, and 
influenza viruses [66, 67]. Subacute granulomatous thyroid-
itis often follows an upper respiratory tract infection and oc-
casionally includes a prodromal phase of muscular aches, 
pains, fever, and malaise. The primary events in the pathol-
ogy of subacute granulomatous thyroiditis are destruction 
of the follicular epithelium and loss of follicular integrity; 
however, the histopathological changes are distinct from 
those found in Hashimoto’s thyroiditis. The characteristic 
follicular lesion is a central core of colloid surrounded by 
multinucleate giant cells. These lesions progress to form 
granulomas [68, 69].

The most prominent physical finding is an enlarged thy-
roid gland that is exquisitely tender to palpation. The pain is 
usually constant, gradual to sudden in onset, and often se-
vere, involving the entire thyroid gland. Pain is often aggra-
vated by turning the head or swallowing and may radiate to 
the jaw, ear, or occiput on the ipsilateral side. Frequently, pa-
tients present with tachycardia and hyperpyrexia, with tem-
peratures elevated up to 102 °F. Unlike subacute (painless) 
lymphocytic thyroiditis, the ESR is consistently high and 
the white blood cell count may be elevated. Thyroid func-
tion tests may be normal, elevated, or low depending on the 
stage of the disease at the time of presentation. The clinical 
course of subacute granulomatous thyroiditis is self-limited 
and is similar to painless thyroiditis. Similar to painless thy-
roiditis, patients go through the initial phases of thyrotoxi-
cosis for a few months. The thyrotoxicosis is a result of the 
release of stored thyroid hormones from acute destruction 
of the thyroid parenchyma. Subsequent to that, they become 
euthyroid. In rare, severe cases, patients can then develop 
hypothyroidism which is usually transient with 90 % of the 
patients returning to a euthyroid state.

Salicylates and nonsteroidal anti-inflammatory drugs are 
often adequate to decrease pain in mild to moderate cases. 
In more severe cases, oral glucocorticoids may provide dra-
matic relief of pain and swelling.

Acute Suppurative Thyroiditis

This rare entity usually occurs from a bacterial infection and 
rarely from nonbacterial infections of the thyroid [70]. This 
disease tends to affect younger patients and typically occurs 
in the 30s to 40s. The pathogenesis primarily involves de-
creased resistance of the thyroid gland to infection. Infec-
tion may reach the gland via blood, lymphatics, or directly 
through a persistent thyroglossal duct or a nearby internal 
fistula such as a piriform sinus fistula [71]. Bacterial thy-
roiditis is often preceded by an upper respiratory infection.

Treatment of acute bacterial thyroiditis requires admis-
sion to the hospital, drainage of any abscess and parenteral 
antimicrobial therapy aimed at the causative agent. Since a 
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piriform sinus fistula is a very common route of infection in 
bacterial thyroiditis, a barium swallow, computed tomogra-
phy (CT), or magnetic resonance imaging (MRI), and possi-
bly hypopharynx endoscopy should be performed to look for 
communicating fistulas in most patients with their first epi-
sode and in all patients with recurrent episodes. Such fistulas 
must be surgically excised for definitive cure and prevention 
of recurrent infection [72, 73]. In the adult, Staphylococcus 
aureus and Streptococcus pyogenes are the offending patho-
gens in approximately 80 % of patients [70]. Mortality has 
markedly improved for acute bacterial thyroiditis, from 25 % 
down to 8.6 % in recent years [70]. However, the mortality is 
close to 100 % if the diagnosis is delayed and antimicrobial 
therapy not initiated [70].

Nonbacterial infection of the thyroid gland is very rare. 
Known causes are Aspergillus, Coccidioides immitis, and 
Candida. The treatment consists of appropriate antimicro-
bial therapy and analgesics.

Riedel Struma

Also known as invasive fibrous thyroiditis or Riedel’s thy-
roiditis, it is a very rare disorder of unknown etiology which 
is characterized by intense infiltration of the thyroid paren-
chyma by inflammatory cells and subsequent replacement 
by dense fibrosis and collagen [74]. This disorder results in 
an extremely fibrotic thyroid gland. Riedel’s thyroiditis is 
not a primary disorder of the thyroid but involves the thyroid 
and represents a systemic disease. This disease may involve 
other sites such as the mediastinum, orbit, retroperitoneum, 
and biliary tract. It is named after Bernhard Riedel, who 
initially described this entity in 1893. Riedel struma affects 
mainly women in their fourth to fifth decade of life.

The clinical presentation is a painless goiter which is 
firm, fixed, and “woody” in texture [74]. The extensive, pro-
gressive fibrosis may eventually cause compression of the 
trachea and esophagus. Most patients are euthyroid, but may 
progress to hypothyroidism when the gland is sufficiently 
replaced by the fibroid tissue. The clinical presentation may 
be confused with an aggressive thyroid malignancy such as 
anaplastic carcinoma. Imaging studies and fine-needle aspi-
ration or open biopsy can help differentiate the two. Unlike 
the CT findings of locally advanced thyroid malignancies, in 
Riedel struma the infiltrative mass is isodense with the neck 
muscles, hypodense with the normal thyroid tissue, and does 
not enhance with contrast [75, 76].

This condition is benign and usually self-limiting. None-
theless, surgery may be warranted to alleviate compression 
symptoms. Extensive resection is often impossible, but 
wedge resections, especially over the isthmus, to relieve tra-
cheal compression, can be very effective [77]. Recurrent ob-
struction after resection is rare. Medical therapy, especially 

if started early, may be successful in preventing compressive 
symptoms. Effective agents include corticosteroids, tamoxi-
fen, and methotrexate [78–81].

Key Summary Points

• The most common cause of hyperthyroidism is Graves’ 
disease.

• Graves’ disease is an autoimmune disease.
• Graves’ disease may have nonthyroidal symptoms such as 

exophthalmos and dermopathy.
• Surgery can be performed safely with excellent results for 

patients with Graves’ disease and toxic nodular goiter.
• Thyroiditis comprises a diverse group of disorders rang-

ing from chronic, subacute, and acute.
• Hashimoto’s thyroiditis is the most common cause of goi-

ter and hypothyroidism in the USA.
• Treatment for thyroiditis is focused on relieving the 

symptoms and correcting thyroid hormone levels.
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As a lecturer Professor Graves was endowed with peculiar 
capabilities. To a remarkable person he added great powers of 
arresting attention in the very outset of his discourse, which by 
an almost startling impressiveness he maintained throughout; 
his ideas were conveyed in a bold, fluent and classic style; in 
his language he was always forcible and elegant, and though 
frequently eloquent he never sacrificed his subject for flowers 
of rhetoric, or lost sight of his text in the froth of metaphor; 
for whether discussing the investigations of others, or detailing 
the results of his own enquiries, he ever manifested the same 
critical acumen, the same powers of the same piercing analysis. 
(William Wilde, father of Oscar Wilde, editor of the Dublin Uni-
versity Magazine [1])

This portrait of Robert James Graves by his friend and for-
mer student William Wilde was published in 1839, when 
Graves was 44 years old. His words reflect the unique abili-

ties of Graves as an educator. Graves was a masterful teacher 
and lecturer, which were his greatest contributions to medi-
cine. Ironically, the syndrome that bears his name was but a 
fragment of his medical career.

Graves’ Disease

It was in 1835 that Robert Graves shared his clinical obser-
vations of three patients with toxic goiter during a lecture at 
Meath Hospital. The article, “Newly observed affection of the 
thyroid gland in females” was transcribed from his lecture 
and published in the London Medical and Surgical Journal 
in May 1835 [2]. His classical description was, “I have lately 
seen three cases of violent and long continued palpitations in 
females, in each of which the same peculiarity presented itself, 
viz. enlargement of the thyroid gland; the size of this gland, 
at all times considerably greater than natural, was subject to 
remarkable variations in every one of these patients. When 
the palpitations were violent the gland used notably to swell 
and become distended, having all the appearance of being in-
creased in size in consequence of an interstitial and sudden 
effusion of fluid into its substance. The swelling immediately 
began to subside as the violence of the paroxysm of palpita-
tion decreased, and during the intervals the size of the gland 
remained stationary. Its increase of size and the variation to 
which it was liable had attracted forcibly the attention both 
of the patients and of their friends. There was not the slight-
est evidence of anything like the inflammation of the gland.” 
One patient was described as having audible heartbeats as far 
as 4 ft. away from her chest. The sudden enlargement of the 
thyroid was reported to be associated with a feeling of suffoca-
tion. Graves described these attacks as a “hysteric paroxysm 
or hysterical fit,” as palpitations of the heart were common in 
hysterical and nervous females. Eye manifestations were de-
scribed in a 20-year-old woman. “The eyes assumed a singular 
appearance, for the eyeballs were apparently enlarged, so that 
when she slept or tried to shut her eyes, the lids were incapable 

Robert James Graves. (Etching by Sherman & Smith. Image from the 
History of Medicine (NLM))
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of closing. When the eyes were open, the white sclerotic could 
be seen, to a breadth of several lines, all round the cornea.”

Robert Graves’ description was not the first of exophthal-
mic goiter, Caleb Hillier Parry from Bath, England, described 
the syndrome in 1786, but it was not documented on until a 
posthumous and unpublished collection of his writings were 
completed in 1825, 10 years earlier than Graves’ publication 
[3]. Guiseppe Flajani, an Italian surgeon and anatomist, re-
ported on a patient with exophthalmos and goiter in 1802 [4]. 
In Germany, von Basedow reported on exophthalmic goiter 
in 1840 [5]. In most of Europe, this syndrome is referred to 
as von Basedow’s disease. The USA, Britain, and other Eng-
lish-speaking areas will refer to it as Graves’ disease. This 
has been attributed to Armand Trousseau (Trousseaus’ sign 
in hypocalcemia), who published in London a textbook, Cli-
nique Medicale de L’Hotel Dieu de Paris, that had a chapter, 
“Du Goitre Exophthalmique, ou Maladie de Graves’.” It is a 
mystery why Caleb Parry was not given full credit despite it 
being given to him in Sir William Osler’s Textbook of Medi-
cine, the gold standard text in English-speaking countries for 
many years.

Personal and Professional Life

Robert James Graves (1796–1853) was born in Dublin, Ire-
land. He was the seventh of ten children. His father, Rich-
ard, and maternal grandfather were both educated at Trinity 
College in Dublin. Richard studied theology and published 
several books of his sermons. He was both a preacher and a 
teacher, reaching the rank of professor of divinity at Trinity. 
Robert’s mother, Eliza Draught, was the daughter of a pro-
fessor. Robert Graves also pursued his undergraduate studies 
at Trinity College. He stayed on at Trinity to complete his 
medical degree. His interest in the basic sciences prompted 
him to spend a lot of time in the anatomy laboratory, which 
had been traditionally reserved only for those destined to be 
surgeons. Following graduation, at the top of his class, in 
1818, he spent 3 years traveling throughout Europe visiting 
leading medical schools. This was a testament to his quest 
for knowledge, as there was no requirement for additional 
postgraduate or residency training at the time. A medical 
school graduate could begin their medical practice as soon 
as they graduated. He spent the majority of his time in Eng-
land, Germany, Denmark, and Italy. The German approach 
to medical education involved the integration of the sciences 
with bedside clinical teaching. This was of greatest impact 
to Graves.

Robert Graves had a colorful and slightly histrionic per-
sonality. He was very outgoing with confident and boundless 
energy. His physical presence was also commanding with his 
dark complexion and tall height. These characteristics, which 
would later contribute to his success as a lecturer, placed him 

into some interesting life experiences. During his travels, he 
developed skills as an artist when he became a traveling part-
ner with Joseph William Mallord Turner, a famous painter at 
the time. Interestingly, he was not aware of Turner’s identity 
until after they had traveled together for months. Graves was 
also a natural at learning other languages. So much so, that 
he was actually accused of being a German spy in Austria 
because he spoke the language so well. He had forgotten 
his passport and ended up in prison and it took 10 days to 
prove his identity before his release. One interesting part of 
his travels was when he was aboard a ship from Genoa to 
Sicily. According to his friend William Stokes, they encoun-
tered a storm, and the boat began to fill with water as the 
pumps failed. This led the crew to attempt to abandon the 
ship, with a plan to leave Graves and one other passenger 
behind. Graves boldly stated, “it is a pity to part good com-
pany,” as he took an axe to the lifeboat to dissuade them from 
leaving. He then proceeded to fix the pump, using the leather 
from his shoes, saving all and thus transitioning to the next 
chapter in his career.

Graves’ medical career began in 1821 at Meath Hospital, 
Dublin, where he applied the knowledge he acquired on his 
travels. Graves appreciated the roles of both teacher and stu-
dent. He helped found the Park Street School of Medicine 
and introduced bedside teaching at his hospital. His contri-
butions to medical education were pioneering, and many be-
lieve that they are his greatest contributions to medicine. He 
engaged students on the wards. Traditional rounds were done 
with the attending physician leading the crowd of students, 
lecturing to the group with no expectation of questions and 
no direct examination of the patient. Rounds with Graves 
were actually teaching rounds where the students were treat-
ed like junior colleagues and encouraged to ask questions. 
He gave them direct responsibility in the care of the patients 
and expected them to have a reason for their clinical decision 
making. Graves treated his patients in a similar way, with 
respect and kindness. He was a physician who would sit on 
the edge of the bed, always giving them his full attention and 
time for listening.

Graves was a lifelong student who practiced scientific 
thinking, searching knowledge about specific diseased and 
treatments that were supported by scientific evidence. This 
differed from his colleagues who were quite content to con-
duct teaching rounds without scientific support for their 
teachings. To put things in perspective, there were few treat-
ments for specific diseases or symptoms available. Most 
were plant concoctions available at the apothecary. The few 
that remain useful today include opiates and digitalis. He 
was well ahead of his time with his commitment to the basic 
sciences as the foundation for knowledge of the clinical sci-
ences.

Graves’ ability to skillfully deliver stimulating lec-
tures created a large following of students and physicians. 
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At 4:00 p.m. sharp, he would lecture at Sir Patrick Dun’s 
Hospital on a daily basis. He was always on time, and the 
crowd was never less than 140. He spoke on a variety of 
topics ranging from the esoteric, such as “the infinity of life” 
to the doctrine of modern metaphysics, to the physiology of 
the senses. Many of his lectures were published and 20 were 
even incorporated into a book as a memorial to Graves by 
his brother and William Stokes, a former student. He was 
also a prolific author, making contributions in nearly every 
aspect of medicine, many of which were purely observations 
or case reports and also writing on current events. One of 
his greatest contributions was his book, A System of Clini-
cal Medicine, which was published in 1843 and sold out in 
months. The second edition was a worldwide best seller and 
was translated into three languages.

Graves had a very successful professional career despite 
hardship in his personal life. He married Matilda Jane Eu-
stace the year he began his medical practice in 1821. Soon 
after, they had a daughter, Eliza Drewe. In 1825, at the age 
of 29 years, he suffered the loss of both his wife, Matilda 
Jane, and his daughter Eliza Drewe. The next year he mar-
ried Sarah Jane Brinkley, only to have her and their daugh-
ter, Sara-Jane, both die the following year in 1827. His third 
marriage was to Anna Grogan in 1830 and they remained 

together, having six children. She was an active socialite and 
focused much of her energy outside the home. They are re-
ported to have lived very separate lives, which likely would 
have been necessary, as Graves would have definitely fallen 
under the category of workaholics by today’s standards. 
Robert Graves died of liver cancer at the age of 56 in 1853.
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Henry S. Plummer has been described by a colleague with an 
intimate knowledge of his life as being both an “eccentric” 
and a “genius” [1, 2]. Helen Clapesattle, a former director 
of the University of Minnesota Press, was commissioned to 
write the history of the Mayo family from the 1850s to 1939, 
and through her interviews with Drs. Charles and William 
Mayo, as well as friends and colleagues at the Mayo Clinic, 
she was able to compile examples of both the brilliance and 
the mannerisms of Dr. Plummer [2]. Subsequently, Dr. F. A. 
Willius, a cardiologist at Mayo Clinic and longtime friend 
and colleague, wrote a detailed and insightful description 
of Dr. Plummer from his childhood until his final days and 

described therein not only his remarkable and diverse profes-
sional accomplishments but also several anecdotes about his 
personal characteristics and his private life [1].

Born on March 3, 1874, to Isabelle Steer Plummer, a 
schoolteacher, and Dr. Albert Plummer, a country doctor in 
southern Minnesota, Henry Plummer was drawn to medicine 
at an early age. It is said that as a toddler he loved looking 
at the illustrations in his father’s copy of Gray’s Anatomy 
and as a child accompanied his father on house calls, trav-
eling by horse and buggy [1]. He attended his local high 
school, then the University of Minnesota for 2 years, and 
subsequently received his M.D. diploma from the Medical 
School of Northwestern University of Chicago in 1898 [1]. 
Henry joined his father as a general practitioner for 3 years, 
and in 1900 a chance occurrence changed the futures of both 
Dr. Plummer and the Mayo Clinic. On that day, Dr. William 
Mayo traveled to Racine, Minnesota, to accompany Dr. Al-
bert Plummer on a house call. Not feeling well, the senior 
Dr. Plummer sent his son, Henry, with Dr. Mayo. Henry had 
a long-standing interest in engineering and had developed an 
interest in laboratory procedures. He brought with him a mi-
croscope, discussed its usefulness with Dr. Mayo, and dem-
onstrated its value in examining a blood sample during their 
visit with the patient who had leukemia [1]. Upon his return 
to Rochester, Dr. Will Mayo said to his brother, “that son of 
Dr. Plummer’s is an extraordinary young man. I believe we 
ought to get him up here to take charge of our laboratories; 
he would do us a lot of good” [2].

Henry thus moved to Rochester as one of the early mem-
bers of the Mayo brothers’ practice. His younger brother, 
William Albert, also later became a Mayo Clinic physician. 
On October 4, 1904, Henry married Daisy Berkman, a niece 
of the Mayo brothers. Henry and Daisy adopted two chil-
dren, Robert and Gertrude (Fig. 1). His career can be divided 
into three areas of interest. The most far-reaching was his 
vision for the practice of medicine. He saw the value of an 
integrated practice and the need for specialization. With this 
in mind, he was entrusted by the Mayo brothers to oversee 
the design and construction of not one, but two clinic build-
ings (the latter, completed in 1928, is now named the Plum-
mer building). He designed exam rooms, lighting, and com-

Henry Plummer, photographed at age 26, soon after graduating with 
his medical degree from Northwestern University and just before 
being recruited by the Mayo doctors. (By Permission of the Mayo 
Historical Unit, Mayo Clinic, Rochester, Minnesota)
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munication systems that streamlined the flow of patients. He 
recognized that the system of patient records, where entries 
were placed in ledgers and kept in individual physician’s 
offices, was inefficient. He, therefore, developed a single 
medical record that contained all of a patient’s records, each 
catalogued by type—history, laboratory, operative note, etc. 
The records were then maintained centrally but transported 
as needed via a pneumatic tube system. The records were 
designed to facilitate review for research on, and future pub-
lication of, patient outcomes. In essence, he created an early 
version of today’s electronic medical record. Dr. Plummer 
was also placed in charge of modernizing the laboratories, 
introducing x-ray machines to the clinic, as well as electro-
cardiograms (ECGs) and measurements of O2 requirements 
[1].

A second area of Dr. Plummer’s professional interests 
pertained to esophageal diseases, including foreign bodies, 
strictures, and cardiospasm [3]. During the period of his 
clinical practice, accidental lye ingestion was a common 
occurrence with devastating consequences. Henry became 
adept in bronchoscopy and esophagoscopy, and with his 
background interest in mechanics and engineering he created 
equipment such as dilators in his home workshop to assist 
in esophageal instrumentation. He established and published 
on his specialty referral practice in esophageal disorders; he 
is remembered for describing the “Plummer–Vinson” syn-
drome [3].

Clinically, however, Henry Plummer is best known for his 
many contributions to the field of thyroidology. His interest 
in the thyroid began as a teenager when he observed one 
of his father’s patients with a goiter that progressively en-
larged, causing respiratory symptoms and eventually being 
resected by Dr. William Mayo. He apparently continued his 
interest in patients with goiter as a medical student, and it 
was therefore not unexpected that he should pursue thyroid 
disease as an area of clinical focus when he joined the Mayo 

brothers [1]. Goiters were very common at the beginning of 
the twentieth century. Iodine deficiency was common, par-
ticularly in the Midwest, and these goiters when they became 
greatly enlarged required surgical resection. Surgery, how-
ever, was associated with a significant mortality rate, and so 
patients traveled to centers with expertise in thyroidectomy. 
Dr. Charles Mayo had such an interest and became known 
as “the American father of thyroid surgery,” performing and 
reporting results on thousands of such operations.

Some of the larger goiters seen by the Mayo doctors pre-
sented with thyrotoxicosis and, not surprisingly, Dr. Plum-
mer found himself leading a multispecialty team with exper-
tise in the diagnosis and management of hyperthyroidism. 
Their chosen pathologist, Dr. Louis B. Wilson, reviewed 
Dr. Charles Mayo’s surgical cases of hyperthyroidism due 
to exophthalmic goiter (Graves’ disease) from 1898 to 1908 
and divided them into pathological groups [4]. He then had 
Dr. Plummer review his clinical notes and separate patients 
into four groups: (a) acute hyperthyroidism (mild, moderate, 
severe, very severe); (b) prior severe, but examined when in 
remission; (c) prior severe, but current symptoms related to 
end-organ (e.g., cardiac) symptoms; and (d) mild, chronic 
hyperthyroidism. The results showed “an almost complete 
parallel was found to exist between the pathological conjec-
tures and the clinical facts in about 80 % of the cases” [4]. 
The same Dr. Wilson later became much better known for 
his development of the frozen section technique to assist sur-
geons.

In his first paper on the subject, Dr. Plummer reported 
2917 new cases undergoing surgery in 1909–1912. He de-
scribed patients as having either a hyperplastic or nonhyper-
plastic goiter and constitutionally being either toxic or atoxic 
as follows:

– Toxic (%) Atoxic (%)
Hyperplastic (42.8 %) 99.2 0.8
Nonhyperplastic (57.2 %) 23.3 76.7

The temporal onset of thyrotoxicity differed also: hyperplas-
tic goiters were detected on average at age 32, with toxicity 
noted shortly thereafter, at 32.9 years. In contrast, nonhyper-
plastic goiters were discovered at age 22, but toxicity was 
not apparent until age 36.5 years [5].

In 1914, Dr. Wilson received a letter from Dr. Edward 
C. Kendall, a research chemist in New York City, inquiring 
about a job at Mayo Clinic. Kendall was working on isolat-
ing the active product from thyroid glands, an effort of inter-
est to both Dr. Charles Mayo and Dr. Plummer. Plummer had 
concluded that patients with exophthalmic goiter had both 
a normal and an abnormal product in their thyroid glands. 
Kendall might be able to answer this question, and so he was 
hired. On Christmas day, 1914, Kendall isolated a crystal-

Fig. 1 Henry Plummer, photographed with his wife and two adopted 
children. (By Permission of the Mayo Historical Unit, Mayo Clinic, 
Rochester, Minnesota)
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line structure that contained 60 % iodine and proved to be 
the elusive substance which he called thyroxin [2]. Later in 
his career, while working for the Mayo Clinic in Rochester, 
Minnesota, Dr. Kendall received the Nobel Prize for his iso-
lation and characterization of cortisone.

As part of his responsibilities in overseeing the labora-
tories, Plummer also recruited Dr. Walter M. Boothby from 
Boston in 1916 [1]. In March 1917, a metabolic laboratory 
opened under the direction of Dr. Boothby and Irene San-
diford, Ph.D., with Dr. Plummer serving as the clinical di-
rector. Boothby and Sandiford published a manual of their 
technique for measuring basal metabolic rate (BMR), and in 
1920 the results of an elevated BMR in 1917 cases of exoph-
thalmic goiter were reported [6]. Also noted was that within 
2 weeks of thyroidectomy, the BMR decreased from + 31  to 
+ 5 %, and the pulse rate from 104 to 84 beats/min [6].

Plummer was keenly interested in the role of iodine in 
various types of hyperthyroidism. He confirmed earlier ob-
servations by Kocher that some patients with adenomatous 
goiter without hyperthyroidism when given iodine may be-
come hyperthyroid [7, 8], and the condition may persist for 
months or years [7]. Plummer postulated that “the cause of 
exophthalmic goiter is unknown” and “that intensive stimu-
lation of unknown source, acting on the entire gland, drives 
it to the point of producing an active agent abnormal in qual-
ity as well as quantity (or an excessive amount of the nor-
mal active agent), which in the tissues of the body causes 
all the phenomena of the disease” [7]. This unknown source 
we now know today to be the thyroid-stimulating immuno-
globulin or thyroid-stimulating hormone (TSH) receptor an-
tibody. He also subsequently suggested “the possibility of an 
incompletely iodized thyroxin molecule being driven from 
the thyroid by intensive stimulation” [9], thereby foreseeing 
the discovery decades later of triiodothyronine, T3.

From his extensive studies of goitrous patients, Plummer 
concluded that in contrast to patients with adenomatous goi-
ter, who were often clinically worsened by iodine, in patients 
with exophthalmic goiters administration of iodine could ac-
tually prove to be beneficial. Therefore, at the Mayo Clinic, 
“the first extensive study of the effect of iodine in exoph-
thalmic goiter was initiated by Plummer in March 1922” [8]. 
Two years later, in 1924, Plummer and Boothby reported that 
the optimal dose of Lugol’s solution is ten drops and that 
if “not tolerated by mouth, it is given in similar doses by 
rectum” [8]. They demonstrated that patients had a prompt 
decrease in pulse rate and BMR, an increase in body weight, 
and cessation of nausea and vomiting in those with severe 
disease. They also recommended “postponing operative 
procedures until it is evident that no further improvement 
is to be obtained from Lugol’s solution. Maximal improve-
ment usually occurs after…eight or ten days” [8]. A year 
later, in 1925, Plummer wrote that “large doses (of iodine) 
might tend partially to reverse the absorption and discharge 

mechanism of the gland. This led me to the trial of much 
larger doses of iodine than theory seemed to indicate and of 
Lugol’s solution” [9].

As would be expected with clinical improvement, “the 
use of iodine in the clinic decreased the surgical mortality 
from approximately 3.5 % to approximately 1 % in cases in 
which operation was performed in Rochester” [9]. Further-
more, staged operations, which included ligation of thyroid 
arteries followed later by thyroidectomy was no longer nec-
essary. Mayo and Plummer provided more detailed mortality 
figures the following year [10]:

1921 1922 1923 1924
(8 mos.)

No. cases 561 491 564 600
Mortality (%) surgical 3.38 2.24 1.41 0.66

In Rochester, Dr. Plummer was highly respected among his 
Mayo Clinic colleagues for his diagnostic skills (Fig. 2), and 
he was acknowledged for his ability to integrate physiologic 
principles into his teaching. He presided over a weekly “goi-
ter lunch” at the Kahler Hotel (which still stands in 2014, 
immediately adjacent to the clinic buildings). In Plummer’s 
time, the Kahler Hotel actually had medical wards within it, 
designed principally to deal with the challenges of thyrotox-
ic patients, considered to be at risk of “thyroid storm”. The 
“goiter lunch,” under Plummer’s leadership, proved to be a 
popular meeting, which was regularly attended by not only 
internists and surgeons but also pathologists and chemists, 
who gathered to discuss thyroid topics and the clinicopatho-
logical details of unusual cases of particular interest [2].

Dr. Plummer, in addition to his numerous contributions 
to the advancement of medicine, had many interests in his 
personal and family life. He loved the outdoors and enjoyed 
camping and boating. He and his wife purchased a cruiser 

Fig. 2  Henry Plummer, around 1935, in Rochester, Minnesota, posing 
in the plummer building photographic studio for his Mayo Clinic staff 
portrait. In 2014, a copy of this photo still hangs above the fireplace in 
the Plummer Hall of the Mayo Clinic Library. (By Permission of the 
Mayo Historical Unit, Mayo Clinic, Rochester, Minnesota)
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and navigated it inland from New York City to Minnesota 
less than a year before his death. He was an accomplished 
gardener and horticulturist, and he had a home workshop 
where he created medical instruments and designed furni-
ture. He had remarkable skills in engineering and interior de-
sign; his architectural abilities, working in association with 
the C.F. Ellerbe firm from the Twin Cities, resulted in two el-
egant, but practical, Mayo Clinic buildings and a remarkable 
Tudor home for his family, which was subsequently gifted 
to the city. He strongly believed that physicians should read 
beyond the medical literature, and he created the Browsing 
Room Library and donated many classics from his personal 
library.

Henry Plummer died on December 31, 1936. The day 
before, while driving home, he became ill and needed as-
sistance into his home. Ever the clinician, he gathered his 
family and told them he would soon become unconscious. 
He went into a coma and passed away the following eve-
ning. Dr. F. A. Willius, who trained under and worked with 
Dr. Plummer for years, described him as “a pioneer in many 
phases of medicine” [1].
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Early Life

Hakaru Hashimoto was born on May 5, 1881, in the village 
of Midai, Nishitsuge. He was the third son born to a family 
that had practiced medicine for generations within this small 
town [1]. Today, this historical village would be considered 
a part of the larger town of Iga Ueno. This castle town sur-
rounded by mountains in the Kinki district was the birthplace 
of Iga Ninja and is where the Iga Ninja School was estab-
lished in the fifteenth century. It was also the hometown of 
the famous Haiku poet, Basho Matsuo.

Hashimoto spent his childhood in the village of his birth 
and then left to enter the First Mie Prefectural Junior High 
School at Tsu [1]. This is around the time when he consid-

Hakaru Hashimoto is pictured here at 31 years old. It was at this age 
that he wrote his most famous work. (Picture is courtesy of The Japan 
Endocrine Society)

 ered an education in medicine. He was in an environment 
that seemed to foster these early career aspirations given that 
many of his friends eventually went on to also become in-
volved in medicine. More specifically, the influence of his 
grandfather, Gen’i Hashimoto, sealed Hashimoto’s fate as a 
physician. Gen’i was a well-known physician within the re-
gion who had studied Dutch medicine at the end of the Edo 
era [1].

Hashimoto went on to attend the National High School 
at Kyoto, and in 1903, he entered the Department of Medi-
cine at Kyusyu Imperial University in Fukuoka. Hashimoto 
was in the first graduating class in 1907. Following gradu-
ation from medical school, he entered the First Department 
of Surgery and studied under Professor Hayari Miyake for 
4 years. It was here, while he was completing his studies in 
surgery, that Hashimoto encountered the thyroid glands of 
four women who had a completely distinct histopathology 
never before described [1–4].

Life Overseas

After the publication of his original paper at the young age 
of 31 years, Hashimoto went to Germany for further study. 
He had a particular interest in pathology and worked under 
Professor Kaufman at Goettingen University, but his time in 
Germany was shorter than planned. After 2 years of living in 
Germany, he was forced to return to Japan in 1914 as a result 
of the outbreak of World War I in Europe [5] (Fig. 1).

His Return to Japan

Hashimoto returned to Japan and joined his alma mater for 
a short time. However, due to financial pressures, he soon 
decided to move back to his hometown to take over the fam-
ily practice [1]. He began his surgical practice in the spring 
of 1916 at the age of 35 years. His practice could best be 
described as that of a private practice surgeon. He became 
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widely known within the area that he served for his impecca-
ble training and generosity [1]. His dedication to his patients 
was evidenced by the fact that he reportedly would travel 
great distances using a rickshaw within the countryside to 
see his patients. He treated all patients irrespective of class 
or income [1].

After 4 years in practice, he married at the age of 39. He 
and his wife eventually had four children: three sons and a 
daughter. During the prime of his life, Hashimoto contracted 
typhoid fever very suddenly from one of his patients. He ul-
timately succumbed to his illness and died at the age of 52 
years on January 9, 1934 [1, 3]. His contribution to medicine 
had gone unnoticed during his lifetime, and he died without 
the recognition he deserved for his discovery (Fig. 2).

Hakaru Hashimoto’s Discovery

The Initial Description

At the time of his discovery, Hashimoto was finishing his 
surgical training at the Kyusyu Imperial University. During 
this time, the primary treatment modality for a thyroid goiter 
was surgery and thyroidectomies were commonplace. As a 
result, Hashimoto had the opportunity to study the histol-
ogy of many resected thyroid specimens. Over the span of 7 
years, he came across the thyroid glands of four women who 
underwent partial thyroidectomy for the indication of goiter. 
The description of the histology of these glands constituted 
his most famous piece of work entitled “Zur Kenntniss der 
lymphomatosen Veranderung der Schilddruse (struma lym-
phomatosa)” [6]. He decided to publish this article in the 
German journal Archiv für Klinishe Chirurgie because Ger-
man was the primary scientific language of the time. Ironi-
cally enough, he thought that the information in his article 
would disseminate most quickly this way.

The article itself was 30 pages long with five sections 
consisting of the introduction, clinical case presentations, 
histological description, review of previous reports, and dis-
cussion [1, 6]. The bulk of the article involved a very thor-
ough histologic description of the thyroid goiters in the four 
patients. He explained the extensive lymphocytic infiltration 
and lymphoid follicles that had not been reported prior. Ad-
ditionally, he described eosinophilic changes to follicular 
cells and interstitial fibrosis along with round cell infiltration 
[1, 6, 7].

The remainder of the article reviewed the reports available 
at the time differentiating this entity from other known eti-
ologies of thyroid goiter. In meticulous detail, he explained 
the histological differences of struma lymphomatosa from 
Riedel’s thyroiditis and the clinical differences of struma 
lymphomatosa from Graves’ disease [6, 7]. He was confident 
that this was a new histologic finding within thyroid goiters 
[6]. Additionally, he made efforts to point out the histological 
similarities of struma lymphomatosa and Mikulicz’s disease, 
thought to be Sjögren’s syndrome today. He recognized that 
histologically this was similar to a modern-day autoimmune 
disease. He understood that a still unrecognized stimulus 
was responsible for the histologic changes to these thyroid 
glands stating, “we can assume that…the lymphocytic ele-
ments are stimulated by a certain factor” but that “at present 
we cannot say anything definite about the cause” [2, 6].

A Lost Discovery

After publication in 1912, Hashimoto’s work received some 
recognition in Germany. The next year, in 1913, a German 
pathologist by the name of Simmonds mentioned Hashimo-

Fig. 2  The picture on the left shows Dr. Hashimoto with other hospital 
employees posing at the entrance of the town hospital. He is standing 
third from the left looking out from the window. The picture on the right 
shows Dr. Hashimoto standing with his family at a picnic. He is the first 
man on the right. (Pictures is courtesy of The Japan Endocrine Society)

 

Fig. 1  Seen here is the hospital in Dr. Hashimoto’s hometown. This is 
his place of practice for most of his career and is where he performed 
his surgical procedures. (Picture is courtesy of The Japan Endocrine 
Society)
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to’s work, but was unsure whether it was a distinct patholog-
ic entity of the thyroid [8]. Then, in 1914, a German surgeon 
thought it was a form of chronic thyroiditis [9]. However, 
during this time, major texts in the British and American lit-
erature failed to make mention of Hashimoto or his work 
when discussing inflammatory disorders of the thyroid gland 
[2]. Today, many believe the reasons for this relative obscu-
rity were because it was a rare disease compared to endemic 
goiter; it was harder to access given the need for translation 
from German, and also because after World War I broke out, 
the perception of German scientific work on the world stage 
had changed [2].

In the 1920s, there continued to be more citations of his 
discovery limited to German journals. They were also lim-
ited to pathology journals [2]. North American and European 
clinicians continued to fail to recognize his contribution. In 
1925, a British pathologist independently described what he 
thought was a new disease terming it “lymphadenoid goiter.” 
In his literature review, he failed to identify that it had been 
described previously [10]. The Western world continued to 
neglect Hashimoto’s contribution.

Final Recognition

It was not until the 1930s when Allen Graham, a surgeon 
from the Cleveland Clinic, pointed out that lymphomatous 
goiter was a distinct histologic type. He confirmed that it was 
different from other inflammatory conditions of the thyroid, 
namely Riedel’s thyroiditis [11]. He made a clear connection 
between Hashimoto’s description and what he had encoun-
tered, giving proper credit to him [11, 12]. After these articles 
were published, surgeons in the USA who had once failed 
to mention him a decade earlier now included Hashimoto’s 
work in their textbooks [13]. Hashimoto’s name became at-
tached with the disease process. The British also followed 
suit, and a surgeon by the name of Cecil Joll admitted his 
error of not recognizing Hashimoto’s description. He later 
wrote a paper explicitly describing Hashimoto’s disease and 
crediting him with its discovery [14].

By the end of the 1930s, Hashimoto’s thyroiditis had now 
become a distinct disease within the spectrum of chronic thy-
roiditis. In fact, the Third International Thyroid Conference 
in 1938 held in Washington, DC, had an entire session devot-
ed to Hashimoto’s disease. Despite all of these new advance-
ments, Hashimoto’s disease was still considered to be a rare 
thyroid disorder. Also, the connection between the disease 
and hypothyroidism still had not been made. Surgical inter-
vention was still the treatment of choice during this time [2].

The Discovery of an Antibody

Though the scientific community had embraced Hashimo-
to’s disease as a distinct histopathology of the thyroid gland, 
physicians still had not recognized its association with hy-
pothyroidism or its etiology. There was speculation that the 
insulting agent might be a mysterious chemical, but no in-
vestigation into why there was lymphocytic infiltration into 
the thyroid gland had been conducted primarily due to World 
War II [2]. During the 1940s and early 1950s, this disease 
remained a strange histology encountered rarely among pa-
tients with thyroid goiter [2].

The first inclination that Hashimoto’s disease was an im-
munologic abnormality was when Fromm and associates 
detected an elevation of plasma gamma globulin fraction in 
patients with chronic thyroiditis [15]. This was followed by 
identification of abnormalities in serum flocculation tests in 
these patients [16]. Taken together, these preliminary experi-
ments indicated that the disease might be related to a com-
plex autoimmune reaction [17].

In 1956, the work of two independent groups changed the 
way physicians understood Hashimoto’s disease. Noel Rose 
and Ernst Witebsky were immunologists in Buffalo, New 
York, who showed that when rabbits were immunized with 
thyroid cells, they would form antibodies to thyroglobulin. 
When they analyzed the thyroid glands of these animals 
under the microscope, they found the same lymphocytic in-
filtration observed by Hashimoto 40 years earlier [18]. They 
were also able to demonstrate the presence of these autoan-
tibodies in the serum of patients with chronic thyroiditis and 
published this in a landmark paper [19]. Also in 1956, Ivan 
Roitt, Deborah Doniach, and colleagues from England were 
able to demonstrate the presence of antibodies to thyroglobu-
lin in the serum of patients with Hashimoto’s disease [20].

Up until this time, the idea of autoimmunity had existed 
but was never taken seriously. Now, with these new find-
ings, this concept was a valid theory. This work allowed for 
a connection to be established between the histology of the 
thyroid glands that Hashimoto observed and the physiologic 
underpinnings [2, 3]. Even more impressively, the identifi-
cation of close to 80 autoimmune diseases affectin g almost 
every organ of the body began from this work (Fig. 3).

Hashimoto’s Thyroiditis Today

Epidemiology

Early epidemiologic studies investigating the prevalence of 
this disease in large populations elucidated that Hashimoto’s 
disease was more common than initially thought with close 
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to 2 % of subjects having overt hypothyroidism, 10–26 % 
of subjects with evidence of anti-thyroid peroxidase (TPO) 
antibodies present in their serum, and 7.5–30 % of subjects 
with elevated serum thyroid-stimulating hormone (TSH) 
[21–24]. Today, Hashimoto’s disease is considered the most 
common autoimmune disease, most common endocrine dis-
order, and the most common cause of hypothyroidism [25]. 
It exists in populations at a much higher rate than what is 
diagnosed clinically [17]. The current estimated incidence is 
approximately 1 case per 1000 persons, and the prevalence 
is 8 cases per 1000 persons. The prevalence is 46 cases per 
1000 when subjects have biochemical evidence of hypothy-
roidism and thyroid autoantibodies [25].

We also know that the incidence and prevalence of Hashi-
moto’s disease are increasing. A review article by McLeod 
and Cooper analyzed epidemiological studies performed 
worldwide. They found increases in the incidence and preva-
lence of Hashimoto’s disease in different geographic areas, 
with advancing age, in female gender, and in iodine-suffi-
cient populations [26]. A recent review of pathologic records 
from 1889 to 2012 at the Johns Hopkins Hospital revealed 
that 6 % of all thyroidectomies reported Hashimoto’s thy-
roiditis. Interestingly, the first time Hashimoto’s name ap-
peared in a pathology report was in 1942 [27].

Clinical Features

Hashimoto’s disease was originally described as a chronic 
inflammatory change of the thyroid gland resulting in a goi-
ter. However, the histological changes can also be seen in 
atrophic glands. In patients who develop goiterous change, 
the clinical–pathological spectrum of Hashimoto’s disease 
includes one of the following forms: classic, fibrosing vari-
ant, immunoglobulin G4 (IgG4)-related variant, juvenile 

form, Hashitoxicosis variant, and painless (sporadic, post-
partum) [25].

In considering symptomatic disease, there are local and 
systemic symptoms. Local symptoms include vague discom-
fort of the neck and compression of cervical structures result-
ing in dysphonia, dyspnea, and dysphagia. Systemic mani-
festations are a result of a loss of normal thyroid function 
(hypothyroidism) causing disturbances in the gastrointesti-
nal, cardiovascular, reproductive, and pulmonary systems of 
the body [17, 25]. Patients may also suffer from psychiatric 
disturbances [28].

Up to 20 % of patients with Hashimoto’s disease will 
have mild symptoms of hypothyroidism [17]. In patients 
who progress from euthyroidism to hypothyroidism, it is 
usually considered irreversible. However, there is evidence 
that up to 25 % of these patients may spontaneously recover 
[17, 29]. In fact, in children who are initially euthyroid with 
Hashimoto’s disease, only 50 % will go on to develop hypo-
thyroidism at 5 years [30].

Association with Other Disease Processes

Autoimmune Diseases

Hashimoto’s disease and Graves’ disease are on opposite 
ends of the spectrum of autoimmune thyroid disease. Both 
conditions have complex autoimmune pathways to alter the 
function of follicular cells as the end organ [31–38]. The de-
tails of these elegant studies are beyond the scope of this 
review. Suffice to say, pathogenesis involves activation of 
CD4+ and CD8+ T cells leading to cytokine-mediated apop-
tosis of follicular cells [32–36, 38]. In addition to Hashimo-
to’s disease being related to Graves’ disease, it is also asso-
ciated with Sjögren’s syndrome, polyglandular autoimmune 
disease, and IgG4-related pancreatitis (autoimmune pancre-
atitis), among other autoimmune diseases [7, 39–42].

Papillary Thyroid Cancer
The association between papillary thyroid cancer and Hashi-
moto’s disease has been studied extensively. Hashimoto’s 
thyroiditis was first thought to be associated with thyroid 
cancer in 1955 [43]. A recent meta-analysis of 38 studies 
concluded that papillary thyroid carcinoma was significantly 
associated with pathologically confirmed Hashimoto’s dis-
ease [44]. The common pathway between the two may in-
volve the PI3k/Akt pathway [45]. Papillary thyroid cancer 
associated with Hashimoto’s disease has more favorable 
clinicopathologic features when compared to sporadic papil-
lary thyroid cancer [44, 46, 47]. There may be a protective 
effect of the lymphocytic infiltration and inflammatory re-
sponse in these patients.

Fig. 3  Dr. Hashimoto is beloved by the people of his hometown and 
country of Japan for his contributions. There are numerous symbolic 
monuments and roads built in his honor. The picture on the right is a 
monument located in his birthplace of Midai, Nishitsuge, commemorat-
ing his life. The picture on the right is a statue of Dr. Hashimoto located 
in the public hall in the city of Iga. (Pictures is courtesy of The Japan 
Endocrine Society)
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Thyroid Lymphoma
Hashimoto’s disease has also been associated with thyroid 
lymphomas. Thyroid lymphomas are rare [48]. However, 
there have been reports of B cell lymphomas and Hashi-
moto’s disease [49]. There are close histologic, immuno-
histologic, and clinical similarities between non-Hodgkin’s 
lymphomas and the lymphocytic infiltration seen in Hashi-
moto’s disease. Also, a report of T cell lymphoma arising 
in the background of Hashimoto’s disease has been reported 
[50] (Fig. 3).

Summary

The year 2013 marked the centennial anniversary of Hashi-
moto’s initial description of struma lymphomatosa. His dis-
covery was lost to the scientific community for the greater 
part of the last century; however, he was ultimately properly 
credited decades later. His discovery allowed those who fol-
lowed to elucidate the true epidemiology, pathophysiology, 
and immunology of Hashimoto’s disease. As a result of the 
tireless work of the scientists who followed, our understand-
ing of Hashimoto’s disease has come a long way. We now 
know that Hashimoto’s disease is the most common endo-
crine disease, autoimmune disease, and cause of hypothy-
roidism.

Hashimoto’s life as a physician was one of service and 
commitment. He was known in his community as a consci-
entious surgeon who worked tirelessly to ensure that his pa-
tients were well looked after. Coming from generations of 
physicians, he carried on the tradition of his honored family. 
He was considered a hero by the people he touched directly 
in Japan. And though it took some time for him to be recog-
nized, he later became a hero to people around the world that 
he touched indirectly with his discovery.
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Fritz de Quervain is regarded as one of the last surgical 
giants,  and his obituary appeared in Nature after his death 
on January 24, 1940 [1].

De Quervain’s most prolific contributions were in thyroid 
surgery, but he was a true generalist and published widely in 
diverse areas of surgery.

He was born in Sion, the capital of the Swiss Canton of 
Valais on May 4, 1868. His family were of Huguenot stock, 
and de Quervain was one of the ten siblings, most of whom 
made their own names with substantial achievements in their 
own right. His recorded birth name was Johann Friedrich de 
Quervain, but later he called himself Fritz.

De Quervain attended the Lerber School in Bern and, in 
1887, began his medical education at the University of Bern. 
He matriculated at the University of Bern in 1888, and com-
pleted medical school in 1892.

During his medical course, de Quervain had the great for-
tune to be influenced by four eminent individuals—Kocher, 
Kronecker, Langhans, and Sahli, who helped make the Bern 

Medical School famous at that time. De Quervain was first 
an assistant to Hugo Kronecker, a physiologist at the Uni-
versity of Bern, between 1889 and 1891. He was then an 
assistant to Theodor Langhans, a pathologist in 1891 and 
1892. Langhans—who was influenced by Virchow and von 
Recklinghausen—described the giant cells of the tubercle 
granuloma. Later in his career, Langhans was particularly 
interested in the pathology of goitres and cretinism. Another 
teacher was Hermann Sahli, a notable physician and profes-
sor of internal medicine, with particular interests in haema-
tology and haemodynamics.

After graduating in 1892, de Quervain became an assis-
tant in Emil Theodor Kocher’s surgical clinic in Bern at the 
Inselspital. Within 18 months, he had become the first as-
sistant within that clinic, and eventually succeeded Kocher. 
Kocher won the Nobel Prize in Physiology or Medicine in 
1909 for his work on the physiology, pathology, and surgery 
of the thyroid gland. While these four giants in physiology, 
pathology, medicine, and surgery at the Bern Medical School 
profoundly influenced de Quervain, his professors noted that 
de Quervain, as a student, demonstrated a clear intellect, a 
tremendous capacity for work, and an extraordinary memory.

In 1894, de Quervain moved to La Chaux-de-Fonds, a 
watch-making district in the Neuchâtel Mountains. De Quer-
vain was to remain in La Chaux-de-Fonds for 15 years, and 
became director of the Surgical Clinic there in 1897. It was 
during this time that he published prolifically in many areas 
in surgical journals and textbooks. In La Chaux-de-Fonds, he 
described the stenosing tendovaginitis affecting the tendons 
at the wrist, which was subsequently named after him.

Of enterprising nature, de Quervain worked not only in 
the local hospital at La Chaux-de-Fonds but he also devel-
oped his own private clinic and, subsequently, a more mod-
ern hospital. In 1898, de Quervain acquired the necessary 
parts and constructed an X-ray machine in his clinic, only 3 
years after X-rays were discovered by Röntgen in 1895.

With this extensive general surgical practice, he had a 
large pool of patients and became a pioneer in what would 
now be regarded as clinical research.
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De Quervain’s syndrome of repetitive stress injury affect-
ing the thumb, in particular the tendons of abductor pollicis 
longus and extensor pollicis brevis at the level of the wrist 
over the radial styloid process, was described in 1895. It is 
of interest that his mentor, Theodor Kocher, was consulted 
on this new syndrome of stenosing tendovaginitis. They ex-
changed details on a number of cases, but it was de Quervain 
who published his findings, describing five cases in an article 
in 1895 entitled “On a Form of Chronic Tendovaginitis” [2]. 
The description and the surgical treatment of this condition 
have changed little over the past 120 years. De Quervain’s 
syndrome of stenosing tendovaginitis has had various in-
teresting synonyms attached to it, including mother’s wrist, 
washerwoman’s sprain, and, in more modern-day parlance, 
gamer’s thumb, “BlackBerry” thumb, or texting thumb.

During his time in La Chaux-de-Fonds, de Quervain’s 
intellect was apparent in other areas. He developed a new 
and advanced autoclave, which enabled sterilisation of all 
instruments, drapes, and dressings. The key feature of the 
new autoclave was that it could create a pressure of 2 atm, 
compared to the then standard of 0.5 atm.

He also developed an innovative operating table, which 
could have its height adjusted and which supported the pa-
tient’s head. These advances were popular and led to the 
table’s worldwide adoption.

At La Chaux-de-Fonds, de Quervain wrote extensively. 
He co-edited The Encyclopedia of Entire Surgery with Ko-
cher, which was published in 1901 [3]. Putting together his 
extensive clinical experience and research, he produced 
Clinical Surgical Diagnosis for Students and Practitioners 
in 1907 [4]. This ultimately went to six editions and was 
translated into a number of languages, becoming a major 
reference for surgeons at the time and ensuring de Quervain 
became widely known around the world. In 1908, he also 
wrote a chapter on surgery of the head and neck for Wul-
lstein and Wilm’s Textbook of Surgery [5].

De Quervain retained his interest in clinical research and 
thyroid disease, undoubtedly stimulated by his mentor, Ko-
cher. His doctoral thesis in 1893 was titled “On the Change 
of the Central Nervous System by Experimental Hypothyroid 
Cachexia”. In 1902, he presented his work on non-bacterial 
thyroid inflammation, entitled “Subacute Non-suppurative 
Thyroiditis” [6] which was subsequently published in 1904 
[7]. This condition would later be known as de Quervain’s 
thyroiditis, and otherwise as subacute or granulomatous thy-
roiditis.

A less well-known syndrome described by de Quervain in 
1923,is complete testicular feminisation, which is the most 
common form of male pseudohermaphroditism [8].

Overall, it is believed that de Quervain published over 300 
papers, many of which were devoted to thyroid disease, ranging 
from technical aspects of thyroidectomy to the epidemiology 
of thyroid disease. Perhaps his greatest contribution to thyroid 

disease was based on his epidemiological work and the intro-
duction of iodised salt for the prevention of goitre.

In recognition of his substantial achievements in academic 
surgery, and with the aid of his mentor, Theodor Kocher, de 
Quervain was appointed to the position of Titular Professor at 
Bern in 1907. In 1910, he was appointed Professor of Surgery 
at the University of Basel and remained there until 1918. He 
expected to finish his surgical career at Basel, finding it an 
agreeable position, gaining wide respect, and remaining very 
productive. However, in July 1917, Theodor Kocher died sud-
denly and unexpectedly. Unusually for the time, rather than 
advertise the position, the faculty at Bern voted to offer the 
position of Professor of Surgery at Bern to de Quervain. It 
would seem appropriate that de Quervain succeeded his men-
tor to the chair of surgery in Bern. De Quervain became the 
head of the University Clinic of Surgery at Bern in 1918, and 
remained there for two decades until he retired in 1938.

De Quervain remained a strong proponent of his general 
approach to the patient, and is attributed as one of the earli-
est clinicians to realise that “postoperative pneumonia” was 
often in fact a pulmonary infarct due to pulmonary embo-
lism, rather than an infection.

De Quervain was active in the international medical com-
munity and visited many colleagues and attended many 
international conferences. He attended the inaugural Inter-
national Congress of Surgeons in 1905, and also the first 
meeting of the Swiss Society for Surgery, of which he was 
president from 1919 to 1920. He was Dean of the Faculty 
from 1923 to 1924, and Rector of the University between 
1935 and 1936.

De Quervain retired from the University of Bern in 1938, 
but remained active and continued to perform surgery and 
research. However, he died suddenly of complications due 
to acute pancreatitis, on January 24, 1940, at the age of 70.

While he is remembered principally for de Quervain’s 
syndrome, the stenosing tendovaginitis of the wrist, de 
Quervain’s subacute or granulomatous thyroiditis, and for 
introducing iodised table salt to prevent endemic goitre, 
de Quervain had major influence in many areas of clinical 
observation, epidemiology, operative surgery, technologies 
such as radiology, sterilisation, and operating tables, and is 
remembered as a father of modern clinical research [9].
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Introduction

Born in 1864 in Chili, Ohio, Dr. George Washington Crile 
became one of the most distinguished surgeons of the early 
twentieth century worldwide [1]. He was a founder and the 
second president of the American College of Surgeons, and 
cofounder of the Cleveland Clinic. He served in the Spanish 
American War and in World War I, where he became very 
interested in shock. He was the head of experimental clini-
cal research for the American Expeditionary Force, and ulti-
mately rose to the rank of general. He is credited with giving 
the first human blood transfusion. He designed a hemostat 
which bears his name. He developed the use of narcotics and 
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regional anesthesia with general anesthesia, now called “bal-
anced anesthesia.” For his work on “shockless surgery,” he 
received a gold medal from the National Institute of Social 
Sciences. In World War II, the SS George Crile was named 
after him. A lunar crater “Crile” also bears his name. These 
latter two honors certainly attest to the high esteem in which 
he was held.

All of his accomplishments are beyond the scope of this 
chapter. We focus on his greatness as a surgeon, especially 
on the early development of an effective operation for thy-
rotoxicosis at a time when this disease was associated with 
a very high mortality rate. Furthermore, we discuss how he 
translated his experimental work on shock into clinical prac-
tice to benefit the most difficult patients with recurrent hy-
perthyroidism from Graves’ disease. The brain, he felt, was 
central as a cause of Graves’ disease; fear and other harm-
ful emotions were to be avoided. “Stealing the thyroid” and 
using adrenal denervation to produce a state of anociassocia-
tion and shockless surgery were used in the treatment of the 
most serious cases of recurrent thyrotoxicosis. These terms 
and the procedures that he used are described in detail.

Shock and Anociassociation

For much of his life, Dr. Crile was interested in the mech-
anism of shock. He wrote that low blood pressure, failing 
respiration, changes in chemistry of the blood, mental and 
muscular weakness, and the exudation of serum through the 
walls of the blood vessels were not the cause of shock, but 
rather the result of shock [2]. He found that these manifes-
tations of shock could be almost completely prevented by 
the use of morphine, nitrous oxide, and spinal anesthesia. 
Thus, he felt that the causes of shock were psychic or neural 
impulses reaching the brain. By preventing the brain from 
receiving these stimuli, called a state of anociassociation, 
one could prevent the manifestations of shock.

The adrenal gland and adrenaline were very important 
in changes in blood pressure and shock during operations 

 Dr. George W. Crile. (From [5]. Reprinted with permission, Cleve-
land Clinic Center for Medical Art & Photography © 2014. All Rights 
Reserved)
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in man [3]. Crile realized that strong emotions, such as fear 
before an operation, might produce shock and severe com-
plications of the operation. He attempted to allay fear by 
“psychic suggestion,” and when an operation was necessary, 
by anesthetizing the operative area by use of local anesthesia 
before giving general anesthesia. Thus, by blocking nerve 
communication between the affected part and the brain by 
use of local or regional anesthesia, he could achieve a shock-
less operation. He used these principles in the treatment of 
severe cases of thyrotoxicosis.

Thyroid Surgery and Graves’ Disease

The 1920s were a period of great excitement for thyroid 
surgeons. In 1922, Dr. Henry Plummer showed that when 
patients with Graves’ disease were given iodine, their hyper-
thyroidism could be partially controlled, and thyroidectomy 
was made relatively safe [4]. Prior to that time, thyroid storm 
and bleeding made this operation extremely dangerous. Only 
the most courageous surgeon would operate on a patient with 
Graves’ disease. Now for the first time, many patients who 
were being followed were considered operative candidates. 
Furthermore, the Cleveland area and the Midwest were con-
sidered a “goiter belt” and huge nontoxic goiters were com-
mon. Iodine supplementation to prevent and treat goiters was 
not yet common in medical practice.

Dr. Crile was perhaps one of the most prolific surgeons 
of his time [5]. He and his group were ready for an ever-
increasing number of thyroid operations. In 1927, these 
reached a peak when 2700 thyroid operations were per-
formed in a single year. The largest number of operations 
performed by Crile in 1 day was 35. Throughout his career, 
Crile performed more than 25,000 thyroid operations. It has 
been written that “the original (Cleveland) Clinic and Hospi-
tal buildings were paid for mainly by the receipts from thy-
roidectomies.” His operative techniques and procedures are 
briefly discussed in the following sections.

Fear, Thyroid Storm, and “Stealing the Thyroid”

The greatest danger when operating on a thyrotoxic patient 
in the 1920s was thyroid storm or crisis. The pulse soared, 
the heart often fibrillated, the temperature rose to 105 or 
106 °F, and the patient “literally consumed himself in the fire 
of metabolism” [5]. Ice bags and oxygen were applied. There 
were no medications to slow the pulse. There were no corti-
costeroids for possible adrenal insufficiency. The peak of a 
thyroid crisis occurred on the second night after operation, 
and then subsided if the patient were to survive. These events 
followed general anesthesia, an operation, an infection, or a 
frightening episode.

Crile believed that emotion, especially fear, was the cause 
of thyroid storm [3, 5]. He developed a system to prevent 
the patient’s fear which became known as “stealing the thy-
roid.” The thyrotoxic patient consented to operation but was 
never told when the operation would take place. Each morn-
ing, breakfast was held and the anesthetist would come into 
the room and administer nitrous oxide–oxygen analgesia by 
mask—enough to make the patient giddy and confused. On 
the morning when the operation was to be done, the rou-
tine was the same, but deeper analgesia was obtained. The 
thyroid operation was performed most often in the patient’s 
bed. The patient never had a chance to become afraid. A 
modification of this system was sometimes used by other 
surgeons. Each day saline was injected intravenously into a 
patient’s arm vein. On the day when the operation was to be 
performed, morphine, other sedatives, or an anesthetic agent 
was injected, and the patient was operated upon.

Operative Technique

The patient, in a sedated and euphoric state from the ni-
trous oxide, was positioned while still in bed and sterilely 
prepped and draped. Commonly, Dr. Crile would operate in 
stages [5]. Particularly if the patient was considered a bad 
risk, one or both superior thyroid arteries were ligated as a 
definitive operation or as a first step. In other patients, a sub-
total lobectomy was performed; often, the same procedure 
was performed on the other side several days later. Dr. Crile 
would run from room to room, changing his gown, gloves, 
and instruments, usually with a group of visiting surgeons 
following him. He often lectured to them on his theories of 
the relation of the adrenal glands to hyperthyroidism while 
he performed surgery. It has been written that he operated 
rapidly and never clamped any bleeders. That was the job of 
the assistants. A team was ready to transfuse the patient or 
to perform a tracheostomy, if necessary. Crile recommended 
leaving the posterior capsule of the thyroid when performing 
a thyroid resection (Fig. 1) [6]. He called the area near the 
recurrent laryngeal nerve and parathyroids “no man’s land.” 
“It is not to be palpated; it is subject to the least possible trac-
tion and no division of tissue is made” within this area. By 
these precautions, he wrote that “temporary and permanent 
injury of the recurrent laryngeal nerve may be completely 
eliminated.”

Crile wrote that “compared to peripheral nerves, the 
recurrent laryngeal nerves are exceedingly soft…and the 
slightest direct or even indirect pressure on the recurrent 
nerve interferes with nerve conduction” [6]. If the nerve 
trunk is exposed during operation, it will be covered by scar 
formation, and scar produces a “physiologic severance of the 
nerve.” Thus, the nerve should never be seen during thyroid 
resection. In this way, the parathyroids would be preserved 
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as well. Today, using this technique of thyroidectomy is con-
sidered a very dangerous practice.

The average thyroid operation took Crile approximately 
10–15 min to perform (Fig. 2) [5]. Then, it took the assistant 
about 30 min to stop the bleeding and close the wound. Thus, 
operating in the patient’s room, instead of in the four operat-
ing rooms, proved to be very efficient and allowed him to 
perform many more operations.

In 1932, Crile wrote that he and his associates had per-
formed 22,441 operations on the thyroid—5533 had been 
ligations and 16,908 had been thyroidectomies of which 
12,747 had been for hyperthyroidism [7]. The last 5000 
thyroidectomies were performed with a mortality rate of 
0.84 %—a remarkable feat at that time! Vocal cord paraly-
ses, mostly unilateral, occurred in 1.08 %. Temporary or per-
sistent hypoparathyroidism occurred in 0.97 % of the entire 
series. Postoperative hypothyroidism was treated with thy-
roid extract and checked by measurement of the basal meta-
bolic rate. Crile stated that it was also important to treat these 
patients with dilute hydrochloric acid to correct low gastric 
acid and gastrointestinal (GI) hypomotility.

Recurrent hyperthyroidism was found to occur only in 
3.03 % of his patients; half of these occurred within 2 years 
[7]. When this occurred, he recommended reoperation on the 
thyroid in most patients unless he was certain that the sur-
geon had removed enough thyroid gland at the first opera-
tion. If enough had been removed, he wrote that “it is evident 
that the recurrence is caused by local infection somewhere 
in the body or that the patient is being subjected to social 
maladjustments, worry, overwork, or some other strain not 
disclosed by the clinical investigations.” In such cases of re-

current hyperthyroidism, it was necessary to cure them by 
operating on their adrenal glands.

Adrenalectomy or Adrenal Denervation for 
Recurrent Hyperthyroidism

Crile became very interested in the brain–thyroid–adre-
nal sympathetic system which he called the kinetic system. 
When this system became hyperkinetic, he postulated that it 
led to a number of diseases in man—hyperthyroidism, neu-
rocirculatory asthenia, peptic ulcer, and probably diabetes 
[3]. Neurocirculatory asthenia was defined as a rapid heart-
beat, nervousness, and fatigue. This caused incapacitation in 
soldiers at the front (called soldier’s heart) and similar prob-
lems in civilians. It was due to severe stress, he postulated. 
The control of these diseases was therefore “rationalization” 
(or what we call psychiatric help) and if this was insufficient, 
by the performance of one or more of the following opera-
tions either singly or in combination: removal of the thyroid, 
excision of certain sympathetic ganglia, or the division of the 
nerves leading from the adrenal glands. The adrenal glands, 
he postulated, played a very important role in the pathogen-
esis of these diseases [8].

 

Fig. 1  Dr. Crile’s technique for thyroid lobectomy. The posterior part 
of the thyroid lobe was always left in place in order to avoid “no man’s 
land.” The recurrent laryngeal nerve was purposely never seen. As he 
cut across the lobe, assistants clamped the bleeding points with numer-
ous hemostats placed transversely. Tissue was then suture-ligated with 
fine catgut. (From [6], Chap. XXXII. Reprinted with permission from 
Elsevier)

 

Fig. 2  Typical operating day for Dr. Crile. He moved from patient bed 
to patie nt bed, operating rapidly. Ligation of a superior thyroid artery 
was scheduled for 10 min and thyroid lobectomy for 15 min. Surgical 
assistants then finished the operation after he left the room. (From [5]. 
Reprinted with permission, Cleveland Clinic Center for Medical Art & 
Photography © 2014. All Rights Reserved.)
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Latarjet and Bertrand had shown that there are 30–40 ef-
ferent nerves from the adrenal glands which go to the celiac 
plexuses or the celiac ganglia (Fig. 3a) [9]. By dividing these 
nerves, Crile stated that activity of the kinetic system could 
be reduced and the patient cured of a number of diseases. A 
standard kidney incision was made. Novocaine was infused 
around the adrenal gland to prevent the hypertension that 
might occur by dissecting tissue and nerves around this gland 
and to prevent these efferent nerves from signaling the brain. 
The adrenal gland was elevated by a special instrument, and 
the nerves, but not the blood vessels, were attempted to be 
divided. Then the surgeon’s hand was inserted and any re-
maining nerves were manually divided (Fig. 3b) [8].

Crile performed an adrenalectomy, but more commonly, 
a unilateral or bilateral denervation of the adrenal as primary 
treatment for some primary cases of hyperthyroidism, but 
used this technique especially for very difficult cases of re-
current thyrotoxicosis due to Graves’ disease. Following de-
nervation in 68 thyrotoxic patients, he reported a cure rate 
of 93.7 % [10]. Similar cure rates or clinical improvement 
followed adrenal denervation in patients with neurocircula-
tory asthenia or with peptic ulcers. He felt that this operation 
would also benefit patients with diabetes.

This was a different time. There were no antithyroid 
medications other than iodine, no beta-blockers for thyro-
toxicosis, no oral diuretics, and no antibiotics until sulfa 
drugs were introduced in the late 1930s. Crile’s results, as 
reported, especially in treating patients with severe thyro-
toxicosis of Graves’ disease, were remarkable, although he 
stated that effective follow-up of the patients was quite dif-
ficult to achieve.

Of greatest importance to the authors is the fact that Dr. 
Crile’s legacy and his dedication and love for endocrine 
surgery have not been lost. His DNA was transmitted to his 
son, Dr. George (Barney) Crile, Jr., a very accomplished thy 

roid and breast surgeon. Finally, two of his granddaughters 
married very prominent leaders in endocrine surgery—Dr. 
Caldwell Esselstyn and Dr. Roger Foster.

Dr. Crile died in 1943 at the age of 78. He was a great 
man. He will be long remembered for being a founder of 
the Cleveland Clinic and, along with Dr. Charles Mayo, for 
being one of the foremost thyroid surgeons of the early twen-
tieth century.
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most difficult cases of recurrent 
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sion requested)
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Introduction

Perhaps one of the most common thyroid disorders is the 
thyroid nodule. Solitary palpable nodules can be found in 
up to 4–7 % of the adult population [1–3]. However, autopsy 
studies have shown this number to be higher at up to 50 % 
[4]. Radiographic studies utilizing ultrasound agree with 
this finding that thyroid nodules are seen in approximately 
40–70 % of patients [5]. In addition, ultrasound performed 
in patients with a known thyroid nodule will reveal the find-
ing of additional nodules in as many as 48 % of patients [6]. 
While the general etiologies and surgical management for 
the solitary nodule and multinodular goiter (MNG) are simi-
lar, there are some unique elements to the management of 
MNG which this chapter tries to elucidate.

Etiology

MNG is a term that has been traditionally used to describe 
an enlarged thyroid gland containing multiple areas of nodu-
lar hyperplasia. MNG has been found to be one of the most 
common endocrine disorders in the world affecting between 
500 and 600 million individuals [7]. The most common cause 
for this disorder is generally related to dietary issues such as 
iodine deficiency or the consumption of goitrogens, which 
reduce the body’s ability to uptake and process iodine for the 
production of thyroid hormone. The most potent goitrogens 
include those from the cruciferous family of vegetables, in-
cluding things, such as broccoli, cauliflower, and cabbage. 
The African fruit cassava is another common goitrogen [8]. 
Much of the research for iodine deficiency leading to goiters 
was initiated by Dr. David Marine in Cleveland, OH, at Case 

Western Reserve University. He was one of the first research-
ers to develop the concept that the enlargement of the thyroid 
gland is due to an increased production of thyroid-stimulat-
ing hormone (TSH) from the anterior pituitary gland [9]. He 
demonstrated that iodine deficiency leads to decreased thy-
roid hormone production, which in turn leads to the typical 
feedback mechanism of increased TSH production. Selwyn 
Taylor, surgeon and first president of the International Asso-
ciation of Endocrine Surgeons (IAES), then expanded upon 
this theory and created a hypothesis that the follicular cells 
of the thyroid will undergo diffuse hyperplasia in the setting 
of TSH stimulation [10]. Some of the individual cells may 
have clonal abnormalities that allow them to grow into true 
nodules. This theory has been substantiated by Studer et al. 
[11], who demonstrated the existence of both monoclonal 
and polyclonal nodules within a multinodular thyroid gland.

Once nodules have begun to form, they may then become 
encapsulated by compression from surrounding thyroid 
tissue. As these nodules grow, they begin a process of col-
loid storage which leads to nodular growth. Nodules may 
ultimately outlive their blood supply, at which time they un-
dergo necrosis and internal hemorrhage. That cycle is then 
followed by a typical inflammatory and fibrotic reaction al-
lowing for a cyclical pattern of ongoing nodular growth [12].

In countries such as the USA where iodine deficiency is 
rare, other causes of MNG have been found that are genet-
ic in nature. A gene on chromosome 14q, which has been 
named MNG-1, has been associated with a familial form of 
nontoxic MNG [13]. In addition, a research team at the Mayo 
Clinic [14] has identified an abnormality in codon 727 of the 
human TSH receptor, which has been linked to the develop-
ment of toxic MNGs. Regardless of the mechanism, once 
MNGs have formed, they may go on to medical or surgical 
evaluation based on symptoms or a concern for malignancy.



58 S. M. Wilhelm

Clinical Evaluation and Treatment Indications

Patients are generally referred for surgical evaluation of an 
MNG based on a variety of symptoms or complaints. In most 
cases, these can be broken down into three categories includ-
ing that of (1) functional nodules, (2) compressive symp-
toms, or (3) concern for thyroid malignancy.

Functional Nodules in MNG

Toxic MNG or Plummer’s syndrome named after Dr H 
Plummer relates to nodules that have taken on autonomous 
production of thyroid hormone leading to classic symp-
toms of hyperthyroidism such as tachycardia, hypertension, 
weight loss, insomnia, heat intolerance, etc. This topic and 
other functional thyroid nodules are covered in another 
chapter and will not be addressed in detail here. Routine 
laboratory testing including TSH, free T3 and free T4 levels 
can usually determine if an MNG is the cause of functional 
symptoms. An assessment of thyroid function should take 
place for all patients undergoing thyroid surgery.

Compressive Symptoms with MNG

Compressive MNG symptoms most often include dyspha-
gia, dyspnea, and rarely vocal complaints. MNGs are typi-
cally slow-growing processes. As such, if they occur in the 
cervical area, the overlying skin, soft tissues, and muscula-
ture can gradually adapt and patients can have fairly large 
goiters that remain asymptomatic despite being visible on 
simple neck inspection (Fig. 1). ( Note: This type of goiter 
would be classified by the World Health Organization as a 
grade 3 lesion (see below).)

However, goiters which become substernal in their growth 
pattern have a higher likelihood to become symptomatic. As 
the goiter grows below the sternal notch and into the thorac-
ic inlet, the trachea and esophagus can become compressed 
between the sternum and thyroid anteriorly and the cervical 
and upper thoracic spine posteriorly (see Fig. 2).

This compression can lead to true dysphagia characterized 
by difficulty in swallowing solid foods or odynophagia with 
pain upon swallowing. This should be distinguished from a 
complaint of a “globus pharyngeus” which implies a sensa-
tion of lump in the back of the throat where no lump is actu-
ally felt on exam or visualized on inspection or radiographic 
imaging. The most common causes of globus are gastro-
esophageal reflux (GERD), sinus drainage, or dis-coordina-
tion of the muscles involved in the swallowing mechanism. 
While patients who have true compressive symptoms or even 
sleep apnea related to their MNG may benefit clinically from 
surgery [15, 16], patients with globus sensations should be 
cautioned that thyroidectomy may or may not improve their 
symptoms and other evaluations such as laryngoscopy, video 
endoscopy (esophagogastroduodenoscopy (EGD)), barium 
swallow, and treatment of other causes as listed above should 
be considered before undertaking surgery.

World Health Organization (WHO) Grading  
of Thyroid Goiter
Grade 0:  No goiter found, thyroid impalpable/

invisible
Grade 1a:  Thyroid palpable but invisible even 

with full neck extension
Grade 1b:  Thyroid palpable in neutral position/

visible with neck extension
Grade 2:  Goiter visible, no palpation required to 

make diagnosis
Grade 3: Goiter clearly visible at a distance
Of note:  Substernal goiters may not meet typi-

cal classification depending on the amount of the 
goiter present in the neck.

Fig. 2  Substernal goiter leading to significant tracheal deviation and 
compression with symptomatic dyspnea on exertion

 

Fig. 1  Pt with visible but 
asymptomatic cervical mul-
tinodular goiter. Grade 3 by 
World Health Organization 
goiter classification system
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Another form of compression results from tracheal com-
pression, which again usually occurs in the setting of a mul-
tinodular substernal goiter (SG). Patients may complain of 
dyspnea on exertion or positional dyspnea (PD)—worsening 
shortness of breath when reclined or lying flat. Stang et al. 
from the University of Pittsburgh provided an evaluation of 
almost 200 patients with PD in the setting of SG. They dem-
onstrated that SG led to some degree of tracheal compression 
in 97 % of their patients when evaluated by computed tomog-
raphy (CT) scan. Improvement in PD after surgical resection 
was predicted by a gland weight of > 100 g (normal thyroid 
is approximately 15–20 g) or tracheal compression of > 35 % 
of tracheal diameter [17]. In the office, the surgeon should 
ask detailed questions regarding respiratory status both at 
rest and during exertion. The patient should be questioned 
about orthopnea and sleeping habits. On physical examina-
tion, if the lower extent of the thyroid cannot be palpated 
during swallowing, an SG should be suspected. Pemberton’s 
sign [18] can also be a useful physical exam finding to point 
to a goiter as the cause of compressive symptoms. Named 
for Dr. Hugh Pemberton who in 1946 described the ma-
neuver, Pemberton’s sign can be used to detect compression 
at the thoracic inlet from goiter or other anterior mediastinal 
masses. The patient is asked to extend their arms over their 
head next to their face which raises the clavicles, posteriorly 
displaces the upper ribs and narrows the thoracic inlet. If an 
anterior mediastinal mass is present, the additional compres-
sion will result in facial congestion, cyanosis, or respiratory 
distress in < 1 min.

Patients with subjective complaints of compressive symp-
toms accompanied by a physical exam suggestive of an SG 
or positive Pemberton’s sign should undergo a CT scan of 
the neck and chest to determine the extent of the SG and de-
gree of tracheal compression to aid in surgical and anesthetic 
planning [19].

In regard to vocal changes associated with MNG, per-
sistent hoarseness of the voice should prompt preoperative 
vocal cord assessment. Vocal cord paresis strongly suggests 
the presence of invasive thyroid malignancy. Persistent vocal 
changes in the setting of benign MNG are uncommon.

Risk of Malignancy in MNG

The final consideration of surgical intervention in the setting 
of MNG is the risk of malignancy. A common misconception 
is that an MNG implies a benign etiology or has a substan-
tially lower risk of malignancy when compared to a solitary 
nodule. Several independent studies have shown the risk of 
malignancy in MNG to be 10–31 % [20–22]. A recent large 
meta-analysis (23,000 patients) review by Brito et al. evalu-
ated the risk of malignancy of single nodule versus MNG 
[23]. While their overall conclusion was that single nodules 

had a slightly higher risk of malignancy compared to solitary 
thyroid nodules, the overall risk of malignancy in surgically 
resected MNG was 8–15 %.

Thus, the evaluation for cancer in MNG should not dif-
fer from solitary nodules. Patients with nodules identified 
on physical exam or by other radiographic tests such as CT 
scan, positron emission tomography (PET) scan, and carotid 
duplex should undergo a dedicated thyroid ultrasound to 
accurately measure nodules and characterize them to see if 
they meet American Thyroid Association guidelines for bi-
opsy [24]. Nodules > 1 cm should undergo biopsy. Nodules 
less than 1 cm with atypical features or in patients with a 
family history of thyroid cancer or personal history of radia-
tion exposure should be “considered” for biopsy.

Ultrasound may also be very helpful in determining 
which nodules to biopsy based on ultrasonographic criteria 
that have been shown to predict a higher incidence of ma-
lignancy (see below). Biopsies performed under ultrasono-
graphic guidance by experienced physicians have excellent 
sensitivity, specificity, and accuracy (95, 87.7, and 89 %, re-
spectively) [25].

One question that frequently occurs in the setting of MNG 
is how many nodules should be biopsied to predict that the 
remaining nodules are benign. Ultrasonography as men-
tioned above can guide biopsy of nodules with worrisome 
features. Thyroid uptake scanning (I-123) has also been 
used to some extent [26] to find “cold” nodules which have 
a generally accepted rate of malignancy of 10–20 %. How-
ever, this test cannot reliably exclude malignancy in a thy-
roid nodule. Some texts have advocated simply biopsying 
the “dominant” or “largest” nodule. Returning to Frates et al. 
[22], we see that when they biopsied either solitary thyroid 
nodules or MNG, the rate of cancer in both groups was simi-
lar at 14.8 and 14.9 %, respectively. On subgroup analysis 
of the MNG patients, if they had only biopsied the largest 
nodule in patients with at least two nodules > 1 cm in size, 
they would have missed a cancer in the nondominant nod-
ule in 14 % of patients. If the MNG contained at least three 
nodules ( > 1 cm), biopsy of the dominant lesion would have 

Ultrasonographic Features Worrisome for Thy-
roid Malignancy
1. Irregular borders
2. Microcalcifications
3. Lesions that are taller than they are wide
4. Hypoechoic lesions
5. Hypervascular thyroid nodules (central not 

peripheral pattern)
6. Abnormal lymph nodes (microcalcifications, 

loss of fatty hilum)
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missed another malignancy in 50 % of patients. Thus, they 
advocate biopsying up to four nodules in the setting of MNG 
to exclude a risk of cancer in additional nodules.

Treatment Options for MNG

Medical Treatment

Medical treatment options generally employ either TSH 
suppression with levothyroxine (LT4) administration or ra-
dioactive iodine thyroid ablation. In the setting of hypothy-
roidism, excess TSH production can result in hyperplasia, 
nodular growth, and a general increase in goiter size. Here, 
the use of LT4 to induce a euthyroid state has been clearly 
documented to decrease goiter size [9, 10]. However, in the 
circumstance of the euthyroid MNG, simple LT4 adminis-
tration is unlikely to have any meaningful effect. Therefore, 
some groups have advocated high-dose LT4 administration 
in suppressive doses to significantly lower TSH. Moalem 
and Duh [27] provide an evidence-based review of the lit-
erature on its effectiveness. They reviewed two large meta-
analyses, including over 13 major studies and nine random-
ized trials. In 2002, Castro et al. [28] found six randomized 
trials comprising almost 350 patients who had a benign soli-
tary thyroid nodule treated with high-dose suppressive LT4. 
And 22 % of patients treated with LT4 had a 50 % decrease 
in nodule volume compared to only 10 % of patients treated 
with placebo; however, p values were not significant. In a 
follow-up study, Sdano et al. [29] expanded on this work 
by including nine randomized trials (650 patients and some 
with MNG). 22 % of patients who underwent suppressive 
LT4 therapy had a 50 % decrease in nodular size, whereas 
patients who received no treatment or placebo therapy only 
had a 10 % rate of significant decrease in nodular volume. 
These results were statistically significant, but as Moalem 
et al. indicated, “eight patients (with nodular thyroid disease) 
would need to be treated in order to have one patient bene-
fit,” from suppressive LT4 therapy. While these data do hold 
some promise, there is a concern with LT4 medical treatment 
that should be raised. This treatment method may often be 
employed in patients who are poor surgical candidates (el-
derly, cardiac disease, pulmonary disease, etc.). These are 
the very patients who may also experience complications 
due to high-dose LT4 treatment, including osteoporosis [30], 
atrial fibrillation, and other cardiac arrhythmias. Based on 
these complications, the American Thyroid Association is-
sued a concern regarding long-term treatment of nontoxic 
MNG with LT4 therapy and stated, that it is, “generally not 
recommended.” The medical community has also comment-
ed that, “as a result of poor efficacy and potential side effects 
from the induction of subclinical hyperthyroidism,” LT4 
treatment of MNG has fallen out of favor [31, 32]. Finally, it 

must be noted that if LT4 therapy is chosen for the manage-
ment of MNG, it must be continued indefinitely as it is has 
been shown that the goiter and nodules may return to their 
original size within as little as 3 months after discontinuation 
of suppressive treatment [33].

Another option for the medical treatment of MNG is 
the use of radioactive iodine (I-131) in ablative doses. This 
treatment modality is often used for Graves’ disease or for 
toxic MNG. In addition, it has been successfully used to treat 
MNG for more than 25 years, where it has been shown to 
cause a decrease in overall thyroid volume of up to 40 % in 
the first year and 50–60 % 2 years after treatment [34, 35]. 
However, its effects are dependent on the ability of the thy-
roid and its nodules to both uptake and organify iodine. Many 
nontoxic MNG contain “cold” nonfunctional nodules which 
can limit the effectiveness of I-131 treatment. Therefore, 
several groups have employed an off-label use for recom-
binant human TSH (RhTSH) to increase the uptake of I-131 
(radioactive iodine uptake, RAIU) up to two- to threefold 
[36]. Several trials have demonstrated this improved RAIU 
with RhTSH pretreatment. These studies have also shown 
that with RhTSH pretreatment, you can use a decreased dose 
of I-131, still leading to improved reduction of compressive 
goiters [37, 38] and even lessen the degree of tracheal com-
pression from SG [39].

While these results are impressive, the advocates of medi-
cal treatment of MNG freely admit that it cannot be used in 
all circumstances and acknowledge that it has potential side 
effects and drawbacks. I-131 treatment +/− RhTSH is con-
sidered contraindicated for patients with an MNG with suspi-
cion of malignancy, goiter during pregnancy, and in patients 
with severe tracheal compression and overt symptoms. I-131 
can lead to acute swelling of MNG which could worsen tra-
cheal compression or other symptoms. RAI use should also 
be considered a relative contraindication for young patients 
with large goiter, in patients requiring rapid decompression 
of compressive goiter, or if prior I-131 treatment has failed to 
provide adequate relief of symptoms. Its best use may be for 
patients with mild to moderate compressive symptoms, elder-
ly patients with comorbid conditions that preclude surgery, or 
in patients who have undergone prior thyroidectomy in which 
reoperative surgery is considered too risky. This should only 
be done once cancer has been excluded by biopsy.

Surgical Management

Surgical Indications

The most clear-cut indication for surgical management of an 
MNG is for the definitive treatment of thyroid cancer. As 
mentioned above, the overall risk of malignancy in an MNG 
ranges from 10 to 31 %; the majority of these, approximately 
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60 %, are papillary thyroid carcinomas [20–22, 40] which 
are often multifocal. Thyroidectomy for lesions “suspicious 
for malignancy,” including Bethesda class 3–5 lesions [41] 
(BC 3: atypia of undetermined significance, BC 4: follicu-
lar/Hurthle neoplasms, and BC 5: suspicious for papillary 
thyroid carcinoma), can give definitive pathologic diagnosis, 
eliminate the need for long-term ultrasonographic surveil-
lance, and potentially allow for surgical cure of cancer.

For patients with compressive symptoms, thyroidectomy 
can improve symptoms of tracheal compression, including 
dyspnea on exertion, orthopnea, PD, and may even improve 
obstructive sleep apnea [16, 17, 42]. It can also help patients 
with dysphagia due to extrinsic compression of the esopha-
gus which would usually only be seen in the setting of a sub-
sternal MNG.

Surgery would also be indicated for patients who have 
failed or are not candidates for medical therapy (LT4 sup-
pression or I-131 ablation), have significant obstructive 
symptoms and cannot wait for medical therapy to take effect, 
or have compressive or toxic MNG in the setting of preg-
nancy. Due to the small potential risk for secondary malig-
nancies from I-131 treatment, younger patients should also 
be considered for a surgical approach [43].

Risks of Surgery
Surgery for MNG carries the standard risks seen for all thy-
roid surgery, including bleeding +/− neck hematoma, hypo-
calcemia due to hypoparathyroidism, and recurrent laryngeal 
nerve (RLN) injury. In addition, patients undergoing total 
thyroidectomy (TT) will require thyroid hormone replace-
ment therapy. Some of these risks have been correlated to 
goiter size, intrathoracic or substernal goiter, disease process 
(toxic MNG and thyroid cancer with localized invasion), and, 
in some older studies, the extent of thyroid surgery. Probably 
the most controversial of these is the extent of thyroidecto-
my. Proponents of subtotal thyroidectomy (ST) argue that by 
leaving a thyroid remnant, they can reduce the incidence of 
RLN injury, avoid devascularization of parathyroid glands, 
and preserve functional thyroid tissue. The concern with 
this technique is that up to 10–30 % of patients who undergo 
ST will have a recurrence of their disease [44]. In addition, 
despite leaving “adequate functional” thyroid tissue, up to 
60–80 % of patients may still become hypothyroid and ul-
timately require replacement thyroid hormone [45]. Thus, 
like the trend being seen in other thyroid diseases (cancer 
[15] and Graves’ disease [46]), many dedicated endocrine 
surgical groups are moving toward TT for the management 
of MNG. Delbridge et al. [47] examined almost 3500 pa-
tients who underwent either ST ( n = 1838) or TT ( n = 1251) 
for the management of MNG. They saw no significant dif-
ference in the rate of permanent RLN injury, permanent 
hypoparathyroidism, or neck hematoma between ST or TT. 
Impressively, they did not have a rate higher than 1.4 % for 

any of these complications in either study arm. At the same 
time, they saw their recurrence rate of MNG in the setting 
of ST drop from 19 % to zero with TT. Rios-Zambudio et al. 
showed similar findings in a prospective study of 300 MNG 
patients. “Definitive” or permanent complications of RLN 
injury and hypoparathyroidism occurred in < 1 % of their pa-
tients undergoing TT [48]. One possible issue with both of 
these studies is that they were carried out by groups with a 
great deal of expertise in thyroid surgery. Therefore, Moalem 
et al. [27] looked at 13 studies over the past 20 years compar-
ing surgical approaches to MNG (ST vs. TT). When looking 
at all types of studies, comparative, prospective, and meta-
analyses with varying numbers of patients and group experi-
ence, the rate of temporary RLN injury (1–10 vs. 0.9–6 %), 
permanent RLN injury (0–1.4 vs. 0–1.4 %), and permanent 
hypoparathyroidism (0–1.4 vs. 0–4 %) for ST versus TT was 
not statistically different. The only difference that was noted 
was a slightly higher rate of temporary hypocalcemia fol-
lowing TT (9–35 %) versus ST (0–18 %). This did however 
resolve to equivalency in the rates of permanent hypopara-
thyroidism as seen above. Thus, TT should be the preferred 
approach to the surgical treatment of MNG.

Surgical resection of the MNG offers complete tissue di-
agnosis of all nodular disease, definitive resection of thyroid 
malignancy, and immediate relief of compressive symptoms. 
It has been shown that in experienced centers, TT can be car-
ried out safely with low morbidity. TT also all but eliminates 
the risk of recurrent MNG which can occur in up to 10–30 % 
of patients undergoing ST [44]. This is important because re-
operative surgery for MNG versus initial TT does carry a sig-
nificantly increased risk for both permanent hypoparathyroid-
ism (0–22 vs. 0–4 %) and RLN injury (0–13 vs. 0–4 %) [27].

Summary

MNGs have specific nuances when compared to the solitary 
thyroid nodule which require a thorough evaluation. Patients 
should be evaluated for functional status to rule out hypo-
thyroidism as a source of MNG or a toxic MNG. A detailed 
history and physical examination, including neck ultrasound, 
will elucidate risk factors for malignancy, clarify compres-
sive symptoms, and help guide the need for thyroid biop-
sies. If malignant disease or nodules with an increased risk 
for malignancy are found, the patient should proceed on to 
formal definitive surgical management. If a benign MNG is 
discovered, patients should be treated based on the degree 
of compressive or other functional symptoms with medi-
cal or surgical treatment as dictated by extent of symptoms, 
success/failure of medical therapy, and patient choice. Ra-
dioactive iodine ablation and thyroid hormone suppressive 
therapy may play a role in patients with smaller, less symp-
tomatic goiters or in elderly patients or those with extensive 
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comorbidities that would preclude surgical intervention. Sur-
gical resection is favored for younger patients with larger 
goiters, compressive symptoms, and substernal MNG. CT 
scan plays a role in the diagnosis and surgical planning for 
SGs. In the modern era, TT has been shown to be a safe 
technique in experienced centers that can provide definitive 
treatment for compressive or toxic MNG that virtually elimi-
nates the risk of recurrent disease. As such it should become 
the preferred method of surgical management of the MNG.

Key Summary Points

• The etiology of MNGs is multifactorial but can include 
iodine deficiency, goitrogens, sporadic nodule develop-
ment, and genetic abnormalities.

• Surgical indications for the MNG can include functional 
symptoms (toxic MNG), compressive symptoms, or the 
risk for malignancy.

• MNGs carry an overall risk of malignancy of 10–31 %.
• Medical management may be favored for patients with 

smaller, less symptomatic MNG or elderly patients with 
significant comorbidities precluding surgery.

• TT is rapidly becoming the standard operative choice for 
the management of MNG.
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Library)

Hugh Spear Pemberton was born on June 3, 1890, in Liv-
erpool, England, the youngest son of Thomas Shepherd 
Pemberton and Elizabeth Marion [1]. He attended the Liv-
erpool Institute and Liverpool University and graduated in 
1913 with first class honors with M.B. and Ch.B. degrees. 
In the fall of 1913 after obtaining his qualifying medical de-
grees, he became a resident physician and joined the staff at 
the David Lewis Northern Hospital in Liverpool where he 
worked for his entire career. Dr. Pemberton married Sarah 
Ann Hanley in 1914 and his daughter, Lesley Mary, was 
born in 1916  [2].

His tenure at the David Lewis Northern Hospital was in-
terrupted by World War I, in which he served in the Royal 
Army Medical Corps in France and Russia. He returned to 
the David Lewis Northern Hospital in 1918 and was appoint-
ed junior physician. He became a member of the Royal Col-
lege of Physicians in 1921 and achieved the rank of senior 
consultant at the David Lewis Northern Hospital in 1924.

Dr. Pemberton was a lecturer in clinical medicine at 
Liverpool University and was recognized for his skills 
as a teacher. In addition to the Northern Hospital, he also 
worked at Liverpool Hospital for Women, the Liverpool 

Radium Institute and the Neston, Hoylake and West Kirby 
Cottage Hospitals. He became a fellow of the Royal College 
of Physicians in 1941. He was chairman of the Birkenhead 
and Wirral  Division of the British Medical Association from 
1946 to 1950 and vice president of the Section of Medicine 
in 1950.

Dr. Pemberton had special interests in diabetes mellitus, 
peripheral vascular disease, thyroid disease, and hospital 
planning, publishing several papers in the British Medical 
Journal over the course of his career. In 1922, he founded a 
diabetes clinic, thought to be the first of its kind in England, 
at the David Lewis Northern Hospital. He also helped found 
the peripheral vascular disease clinic at the Northern Hospi-
tal. He was the principal author of the Northern Hospital’s 
diet book, first published in 1935. He was actively involved 
with the diagnosis and management of diabetic patients with 
peripheral vascular disease.

Dr. Pemberton was a dedicated clinician who worked 
long hours at the hospital and rarely took a day off. He was 
meticulous, paying close attention to detail and staying late 
to care for his patients. He was an outstanding teacher who 
enjoyed discussing medicine with younger colleagues and 
students. They enjoyed learning from him so much that it 
became competitive to obtain a position on his team, which 
was affectionately known as “Pem’s firm” [3]. His devo-
tion to the Northern Hospital was especially evident during 
World War II when he organized and led the evacuation of 
patients to a local collegiate institution.

Hugh Spear Pemberton was the first to describe an impor-
tant physical examination finding in patients with substernal 
goiter that would later become known as Pemberton’s sign. 
In a short letter published in the October 5, 1946, issue of The 
Lancet, Pemberton wrote, “There is a useful sign given by 
a submerged or intrathoracic goiter which I have employed 
and taught for many years. It consists in getting the patient to 
elevate both arms until they touch the sides of the head; after 
a moment or so, congestion of the face, some cyanosis, and 
lastly distress become apparent—presumably from narrow-
ing of the thoracic inlet and obstruction of the  venous return. 
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I have not seen it in superior mediastinal block. Doubtless 
the sign has been described before and even bears a name, 
but I am unaware of it” [4] (Fig. 1). This finding was sub-
sequently termed Pemberton’s sign and has been widely 
referred to ever since its first description.

Pemberton’s wife died in 1950 and he married Dorothy 
Alice Parker in 1951. He continued to work as a senior phy-
sician at the Northern Hospital until his mandatory retire-
ment in June 1955 at the age of 65. He died in his home in 
Neston, Cheshire less than 6 months after his retirement on 
January 15, 1956, at the age of 65.

The Superior Thoracic Aperture

Pemberton’s sign is a manifestation of impingement on the 
already limited space in the superior thoracic aperture. The 
superior thoracic aperture is bounded anteriorly by the ster-
num, posteriorly by the upper border of the first thoracic 
vertebra (T1), and laterally by the first ribs [5]. It is approxi-
mately 5 cm in anteroposterior diameter (manubrium to T1) 
and 10 cm in width (rib to rib). The superior aperture can 
be divided into right lateral, left lateral, and medial com-
partments. The lateral compartments contain the apices of 
the lung and pleura, the brachial plexus, and vasculature of 
the upper extremities. The medial area contains the trachea, 
esophagus, the sympathetic trunk, the vagus, recurrent laryn-
geal and phrenic nerves, the vertebral and common carotid 
arteries, and the internal jugular and inferior thyroid veins.

Substernal Goiters

The term substernal goiter has traditionally been used to de-
scribe thyroid enlargement with at least 50 % of the thyroid 
tissue extending below the superior thoracic aperture [6–9] 
(Fig. 2). However, patients may experience compressive 
symptoms related to impingement on vital structures from a 
retrosternal component that is less than 50 % of the total thy-
roid mass. As a result, a more liberal definition is often used, 
consisting of an estimated 3 cm of thyroid tissue below the 
sternal notch when the patient’s neck is extended [10]. The 

normal swallowing mechanism, the negative intrathoracic 
pressure, and the force of gravity are factors that are felt to 
contribute to the development of a substernal goiter [11].

A substernal goiter can be unilateral or bilateral. The re-
ported incidence ranges from 0.05 to 0.5 % of the general 
population [12, 13] and from 2.6 to 26 % of patients under-
going thyroidectomy [11, 14–17]. The wide variation in inci-
dence is primarily due to the lack of a standardized definition 
and classification system in the literature. Substernal goiter 
has become less common with the increase in dietary iodine, 
especially with iodized salt as well as the effective treat-
ments of hypothyroidism with levothyroxine [18].

Given the limited space within the superior thoracic ap-
erture, a patient with substernal extension of a goiter may 
experience compressive symptoms [19, 20]. Compression 
of the trachea can lead to dyspnea, intermittent coughing or 
choking, and stridor. Compression of the recurrent laryngeal 
nerve can lead to hoarseness. Esophageal compression may 
result in dysphagia, more commonly in patients with a pos-
terior mediastinal goiter. Compression of the superior vena 
cava, pulmonary artery, or carotid artery may lead to superior 
vena cava syndrome, pulmonary hypertension, and transient 
ischemic attacks, respectively [21–23]. In addition to Pem-
berton’s sign, physical findings in a patient with a symptom-
atic substernal goiter include tracheal deviation, distention of 
neck veins, facial and upper extremity edema, and Horner’s 
syndrome. Horner’s syndrome is due to compression or in-
vasion of the cervical sympathetic chain.

The recommended treatment for symptomatic substernal 
goiters is resection to avoid potential airway compromise and 
worsening symptoms from compression. For asymptomatic 

Fig. 2  Computed tomography showing a substernal goiter ( arrow) ex-
tending to the level of the aortic arch

 

Fig. 1  A patient with a positive Pemberton sign. (Reprinted with per-
mission from Dr. Bill Fleming)
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substernal goiters, indications for thyroidectomy include an 
abnormal fine-needle aspiration biopsy (FNAB), progressive 
thyroid enlargement, and radiographic evidence of tracheal 
or esophageal compression. The majority of these goiters are 
resectable via a cervical incision with careful dissection to 
avoid vessel or nerve injury. Median sternotomy or thora-
cotomy is necessary for the treatment of patients with inva-
sive malignancy or primary intrathoracic goiter, defined as 
a goiter confined to the chest without a cervical component, 
whose blood supply comes from the internal thoracic artery. 
Figure 3 shows the specimen following resection of a sub-
sternal goiter via a cervical incision.

References

1. Pemberton HS. Munkʼs roll, vol. V.   http://munksroll.rcplondon.
ac.uk/Biography/Details/3509. Accessed 20 Oct 2014.

2. Vandyk. Court Photographer (ca. 1940s). Dr Hugh Spear Pember-
ton: copy of portrait photograph [PDF]. Reference D1017. Special 
Collections and Archives. University of Liverpool Library, UK; 
1940.

3. Obituary: H.S. Pemberton, M.B., F.R.C.P. Brit Med J. 1956 Jan 
28;237–8.

 4. Pemberton HS. Sign of submerged goitre. Lancet 1946;248:509.
 5. Colborn GL, Weidman TA, Mirilas PS, Symbas P, Skandala-

kis JE. Thoracic wall and pleurae. In: Skandalakis JE, editor. 
Skalandaladisʼ surgical anatomy. vol. 1, 14th ed. Athens: Paschali-
dis Medical Publications.

 6. Newman E, Shaha AR. Substernal goiter. J Surg Oncol. 
1995;60:207–12.

 7. Mack E. Management of patients with substernal goiters. Surg Clin 
North Am. 1995;75:377–94.

 8. Singh B, Lucente FE, Shaha AR. Substernal goiter: a clinical re-
view. Am J Otolaryngol. 1994;15:409–16.

 9. Katlic MR, Wang C, Grillo HC. Substernal goiter. Ann Thorac 
Surg. 1985;39:391–9.

10. Hedayati N, McHenry CR. The clinical presentation and operative 
management of nodular and diffuse substernal thyroid disease. Am 
Surg. 2002;68(3):245–52.

11. Lahey F, Swinton N. Intrathoracic goiter. Surg Gynecol Obstet. 
1934;59:627–37.

12. Reeves TS, Rubenstein C, Rundle FF. Intrathoracic goitre: its prev-
alence in Sydney metropolitan mass X-ray survey. Med J Austr. 
1957;2:149–51.

13. Rundle FF. Intrathoracic goiter. West J Surg Obstet Gynecol. 
1959;67:213–5.

14. Pemberton J. Surgery of substernal and intrathoracic goiters. Arch 
Surg. 1955;71:347–56.

15. Wax MK, Briant DR. Management of substernal goitre. J Otolaryn-
gol. 1992;21:165–70.

16. Sanders LE, Rossi RL, Shahian DM, Williamson WA. Medi-
astinal goiter. The need for an aggressive approach. Arch Surg. 
1992;127:609–13.

17. Shaha AR, Alfonso AE, Jaffe BM. Operative treatment of subster-
nal goiters. Head Neck 1989;11:325–30.

18. Shambaugh E, Seed R, Korn A. Airway obstruction in subster-
nal goiter: clinical and therapeutic implications. J Chronic Dis. 
1973;26:737–43.

19. James R, James J, Vij AS, Dhaliwal AS, Singh A. Case report – 
Pemberton’s sign in retrosternal goitre. Ind J Med Case Rep. 
2013;2:36–9.

20. O’Brien KE, Gopal V, Mazzaferri E. Pemberton’s sign associated 
with a large multinodular goiter. Thyroid 2003;13(4):407–8.

21. Vadasz P, Kotsis L. Surgical aspects of 175 mediastinal goiters. Eur 
J Cardio-Thorac Surg. 1998;14:393–7.

22. Michel LA, Bradpiece HA. Surgical management of substernal 
goiter. Br J Surg. 1988;94:969–77.

23. Abboud B, Badaoui G, Aoun Z, Tabet G, Jebara VA. Substernal 
goiter: a rare cause of pulmonary hypertension and heart failure. J 
Laryngol Otol. 2000;114:719–20.

Fig. 3  Intraoperative image of a secondary substernal goiter ( arrow) 
that extended inferiorly from the left lobe of the thyroid gland. R right 
thyroid, L left thyroid, I isthmus, P pyramidal lobe

 

http://munksroll.rcplondon.ac.uk/Biography/Details/3509
http://munksroll.rcplondon.ac.uk/Biography/Details/3509


69

Medullary Thyroid Carcinoma

Marybeth S. Hughes and Yasmine Assadipour

J. L. Pasieka, J. A. Lee (eds.), Surgical Endocrinopathies, DOI 10.1007/978-3-319-13662-2_13,
© Springer International Publishing Switzerland 2015

M. S. Hughes ()
Director of the Surgical Oncology Research Fellowship, Thoracic 
and Gastrointestinal Oncology Branch, Center for Cancer Research, 
National Cancer Institute, National Institutes of Health, 10 Center 
Drive MSC 1201 Room 4W-3742, Bethesda, MD 20892, USA
e-mail: hughesm@mail.nih.gov

Y. Assadipour
Surgical Oncology, National Cancer Institute, National Institutes  
of Health, Bethesda, MD, USA

Introduction

Medullary thyroid cancer (MTC), which develops from para-
follicular cells of the thyroid gland, is caused in most cases 
by an activating mutation in the rearranged during transfec-
tion (RET) proto-oncogene, and in some sporadic cases, by a 
mutation in the rat sarcoma (RAS) proto-oncogene. Patients 
with a known germ-line risk factor should be screened for 
serum calcitonin levels. Diagnosis is made by nodules on 
ultrasound which can be fine-needle aspirated and tested for 
calcitonin. All patients diagnosed with MTC should be of-
fered genetic screening. Lymph node involvement is very 
common. Up to one third of patients have distant metasta-
ses on diagnosis. Appropriate surgical management includes 
a total thyroidectomy, central neck lymph node dissection, 
and lateral neck lymph node dissection if clinically indicat-
ed. Calcitonin and carcinoembryonic antigen are useful as 
tumor markers in surveillance. Local recurrences and iso-
lated distant metastases should be addressed surgically. New 
modalities developed based on the specific genetic makeup 
of MTCs are being introduced for patients with metastatic 
disease, including tyrosine kinase inhibitors.

Anatomy and Physiology of Parafollicular Cells

The parafollicular cells from which MTC originates are em-
bryologically derived from the neural crest [1]. These cells 
migrate from the third and fourth branchial pouches to the 

superolateral aspects of each thyroid lobe, and account for 
approximately 1 % of the cells in the gland [2].

The parafollicular cells are also referred to as C cells for 
the hormone they secrete, Calcitonin. Calcitonin is a 32-ami-
no-acid protein which interacts with surface receptors on 
osteoclasts to decrease calcium absorption. However, calci-
tonin ultimately has a minimal impact on peripheral serum 
calcium levels, and patients with elevated calcitonin levels 
very rarely have drastic hypocalcemia. Calcitonin as a tumor 
marker is integral to the diagnosis of MTC in sporadic and 
hereditary syndromes, and for the detection of recurrence in 
the follow-up of patients with MTC. If the basal serum level 
is elevated but not confirmatory, diagnosis can be confirmed 
with a stimulated level. Calcitonin secretion can be stimu-
lated by intravenous infusion of pentagastrin, although this 
is no longer available in many countries. High-dose intra-
venous calcium stimulation has also been reintroduced into 
clinical practice to stimulate calcitonin secretion [3]. C cells 
additionally release carcinoembryonic antigen (CEA), which 
can also be used as a tumor marker to detect recurrence on 
follow-up [4].

Risk Factors for Medullary Carcinoma

The most significant risk factor in the carcinogenesis of para-
follicular cells is an activating mutation in the RET proto-on-
cogene. The RET proto-oncogene is located on chromosome 
10q11.12, and encodes a tyrosine kinase receptor highly 
expressed on cells derived from the neural crest, branchial 
arches, and the urogenital system [5]. Upon ligand binding, 
the RET receptor dimerizes and several cytoplasmic tyro-
sine residues are phosphorylated, leading to the induction of 
downstream signal transduction pathways. RET mutations in 
MTC cause constitutive activation of the mitogen-activated 
protein kinase (MAPK) pathway, leading to cell division and 
proliferation. The (PI3)-K/AKT pathway is also activated, 
inhibiting apoptosis [6]. This combination of uncontrolled 
cell division and resistance to apoptotic stimuli leads to 
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tumor formation. Fifty percent of sporadic MTC cases have 
a documented somatic RET mutation. Additionally, familial 
medullary thyroid cancer (FMTC), multiple endocrine neo-
plasia (MEN) 2A, and MEN2B, which account for 25 % of 
MTC cases, are all caused by RET mutations [7–9]. Specific 
mutations in RET leading to the respective phenotypes of 
FMTC, MEN2A, and MEN2B have been identified [10, 11]. 
Half of FMTC incidences are related to mutations on exon 
10, 13, and 14. Mutations that highly activate RET have an 
increased risk for developing MTC and an earlier age of pre-
sentation. The American Thyroid Association (ATA) has de-
veloped a risk stratification system correlating genotype to 
risk level for aggressive MTC, with level A being the lowest 
risk and level D being the highest risk for aggressive MTC. 
FMTC mutations are generally less aggressive, with no level 
D mutations found in families with FMTC (Table 1).

RAS mutations have also been identified in spontaneous 
MTC. The RAS proto-oncogenes code for three highly simi-
lar GTPases, H-RAS, on chromosome 11p15.5, K-RAS, on 
chromosome 12p12.1, and N-RAS on chromosome 1p13.2. 
These GTPases have been shown to play an important role in 
many human cancers through activation of the MAPK cas-
cade. H-RAS and K-RAS mutations are found in over 50 % 
of RET-negative MTCs [12]. The fact that RAS and RET 
mutations in MTC are almost mutually exclusive of one an-
other suggests that both RET and RAS can act as driver mu-
tations in MTC [13].

Diagnosis of Medullary Thyroid Cancer

In patients with a known hereditary risk factor, MTC usu-
ally presents as an elevated screening calcitonin level or 
nodule(s) on screening thyroid and neck ultrasounds. These 
patients tend to have a lower incidence of lymph node in-
volvement and higher cure rates as a result of the routine 
screening. Patients with sporadic MTC often present with 
a palpable thyroid nodule or neck mass. The presence of a 
thyroid nodule in the setting of elevated serum calcitonin is 
essentially diagnostic of MTC. MTC can also be confirmed 
with ultrasound-guided fine needle aspiration (FNA) dem-
onstrating C cells on cytology, and more accurately, measur-
ing calcitonin levels in the aspiration needle washout, a test 
known as FNA calcitonin [14, 15].

There are important gender differences in calcitonin lev-
els, with males having more parafollicular C cells and higher 
calcitonin levels at baseline than women. Therefore, gen-
der-specific thresholds have been determined, with a basal 
calcitonin level of 20 pg/mL in women and 100 pg/mL in 
men, and stimulated calcitonin level of 250 pg/mL in women 
and 500 pg/mL in men having a positive predictive value of 
100 % in detecting an occult MTC [16].

Clinical Features of Medullary Thyroid Cancer

MTCs account for 5 % of all thyroid cancers. The most com-
mon age range of presentation is 35–45 years of age. The 
incidence in men and women is more evenly matched than 
other thyroid cancer histologies, with only slightly more than 
half of the patients with MTC being women.

Sporadic MTCs are usually solitary lesions, while heredi-
tary MTC presents with multicentric and bilateral disease in 
over 80 % of cases. Involvement of both central and lateral 
cervical lymph nodes is common in both sporadic and hered-
itary MTC. Early lymph node involvement is very common, 
with lymph node metastases occurring even with small pri-
mary tumors less than 1 cm in size (Fig. 1). The incidence of 
lymph node metastases increases with the size of the primary 
tumor [17]. In both sporadic and hereditary MTC, micro-
scopic lymph node involvement in the central compartment 
level VI nodes was observed in 50–80 % of patients. High 
rates of micrometastases to the lateral neck level III and IV 
nodes were also appreciated, including the contralateral lat-
eral neck nodes in patients with unilateral disease [17, 18]. 
Distant metastases are most frequently to the liver, lung, and 
bones. Rarely, brain and skin can also be sites of metastases.

Patients with MTC may experience anterior neck pain, 
which was found to be more common in MTC as compared 
to other differentiated thyroid cancers. In one series, the 
presence of neck pain translated to a more advanced stage 

Table 1  Common RET mutations in sporadic and FMTC and ATA 
risk stratification
Phenotype Exon Codon ATA risk
Sporadic MTC 13 768 A
– 16 918 D
– – – –
FMTC 11 630 B
– – 631 B
– – 634 B or Ca

– – 649 A
– – 666 A
– 13 768 A
– 14 804 A
– – 819 A
– – 833 A
– – 844 A
– 15 866 A
– – 891 A
MTC medullary thyroid cancer, FMTC familial medullary thyroid can-
cer, ATA  American Thyroid Association
Category A: Lowest risk of aggressive MTC
Category B: Second lowest risk of aggressive MTC
Category C: Second highest risk of aggressive MTC
Category D: Highest risk of aggressive MTC
a 634-bp duplication confers a risk level B; 634-point mutations confer 
a risk level C
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of disease, with 82 % of patients with anterior neck pain 
being stage III or IV, and only 36 % of patients without pain 
being stage III or IV [19]. In addition to calcitonin and CEA, 
MTCs can also secrete vasoactive intestinal peptide (VIP), 
and infrequently, adrenocorticotropic hormone (ACTH) 
[20]. Therefore, in rare circumstances patients may have 
Cushing’s syndrome as part of their presentation. Patients 
presenting with systemic symptoms related to calcitonin or 
VIP burden, including bone pain, diarrhea, or flushing, al-
most universally have distant metastases [21].

Meeting the criteria for FMTC necessitates two genera-
tions with MTC and no evidence of hyperparathyroidism or 
pheochromocytoma as first described by Dr John Farndon 
[22]. Other proposed definitions include MTC in four family 
members with no evidence of other MEN2 manifestations 
[23]. Overall, FMTC has a later age of presentation and is 
less aggressive biologically than MTCs in the sporadic or 
MEN2 setting [22]. Whether FMTC is a distinct entity or 
a specific phenotypic presentation of MEN2A is not con-
cretely defined at this time, and some consider FMTC to be 
a variant of MEN2A.

Pathologic Features

MTCs are usually found in the upper third of the thyroid 
gland, due to the normal anatomic location of parafollicu-
lar cells. Grossly, the tumors appear well circumscribed, and 
nonencapsulated. Histologically, hyperchromatic spindle 
and polygonal tumor cells can be appreciated in sheets or 
nests separated by fibrovascular septa. The vast majority of 
MTCs have extracellular deposits of amyloid protein visible 
on microscopic examination. On immunohistochemistry, 
they stain positively for calcitonin and CEA (Fig. 2). In addi-
tion to the tumor, there are often areas of C cell hyperplasia 
(CCH) in patients with hereditary MTC. The diagnosis of 
CCH is made when three low power fields (area 1.93 mm2) 
contain over 50 calcitonin-positive cells which do not dem-
onstrate any nuclear abnormalities, defects in the follicular 
basal lamina, or infiltration of the thyroid interstitium, as 
such qualities would be indicative of microscopic MTC [24].

Fig. 1  Thyroid gland and right lateral lymph node compartments from 
a patient with bilateral synchronous lesions, lymph node metastases, 
and liver metastases: a left thyroid gland with primary tumor measuring 
4 mm in greatest diameter, b right thyroid gland with primary tumor 
measuring 6 mm in greatest diameter, c right lateral neck compart-

ments III, IV, and V had significant tumor burden involving the phrenic 
nerve, which was spared. Note that despite the primary tumors being 
small, lymph node involvement was extensive and the patient also had 
liver metastases. (Courtesy of Martha Quezado, M.D., Department of 
Pathology, National Institutes of Health)

 

Fig. 2  Histopathology of medullary thyroid cancer: a hematoxylin and 
eosin stained MTC at 4× magnification view, demonstrating sheets and 
nests of tumor cells separated by fibrovascular septa, b at 20× magni-
fication view, spindle and polygonal tumor cells with hyperchromatic 

nuclei can be appreciated, c MTCs are highly positive for calcitonin 
on immunohistochemistry, which stains brown. (Courtesy of Martha 
Quezado, M.D., Department of Pathology, National Institutes of Health)
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Staging of Medullary Thyroid Carcinoma

Once a patient is diagnosed with MTC based on thyroid ultra-
sound and FNA, a basal serum calcitonin and detailed neck 
ultrasound should be obtained. The patient should undergo 
RET mutation testing, and pheochromocytoma should be 
ruled out using 24-h urine or plasma-free metanephrines and 
normetanephrines, and adrenal computed tomography (CT) 
or magnetic resonance imaging (MRI) if there is any uncer-
tainty regarding biochemical screening results. Patients with 
no clinically appreciable lymph nodes on physical exam and 
neck ultrasound, and a basal calcitonin level under 400 pg/
mL can proceed to surgical management for their MTC. If 
there are palpable nodes by physical exam, suspicious lymph 
nodes by ultrasound, or a basal calcitonin level over 400 pg/
mL, a full metastatic workup should be initiated.

The metastatic workup for MTC should evaluate the liver 
using a sensitive imaging modality such as an MRI with con-
trast. Additionally, a neck and chest CT should be performed 
to further evaluate the neck compartments and determine 
whether lung metastases, which can frequently be bilateral, are 
present. (18 F)-fluorodeoxyglucose positron emission tomog-
raphy can also be useful in detecting metastatic disease [25].

Staging is then categorized by the American Joint Com-
mittee on Cancer (AJCC) tumor, node, metastases (TNM) 
classification system which has been adapted for all thy-
roid carcinomas, including differentiated thyroid carcinoma 
histologies ( see Chap. 15 on well-differentiated thyroid can-
cer).

Prognostic Factors in Medullary Thyroid Cancer

Age, gender, symptoms at presentation, extent of thyroidec-
tomy, and TNM stage have been shown in univariate analysis 
to be significant prognostic factors in MTC. In a multivari-
ate analysis, increasing age and advanced TNM stage were 
the only independent negative prognostic factors for survival 
[21, 26, 27]. Survival decreases dramatically with increas-
ing stage (Table 2). Increased primary tumor size, positive 
lymph nodes, and distant metastases all decrease survival 
[28]. Early diagnosis and treatment have been shown to im-
prove outcomes [29]. In patients with early MTC, treatment 

with total thyroidectomy and lymph node dissection results 
in a 95 % cure rate [21].

A preoperative basal calcitonin level over 500 pg/mL is 
an excellent predictor of failure to achieve biochemical re-
mission after surgery [30]. Biochemically persistent disease 
following total thyroidectomy is prognostic of decreased 
survival, likely because this indicates advanced stage and 
metastases [29]. Likewise, calcitonin doubling time (DT) is 
a strong and independent predictor of survival. In one series, 
a DT over 2 years corresponded to a survival of 100 % at 
10 years, compared to a DT under 6 months, which had a 
survival of 8 % at 10 years [31]. In the same series, CEA 
levels did not always parallel calcitonin levels, and did not 
correlate with survival. Previous studies have shown CEA is 
less specific in predicting recurrence and survival, but may 
correspond to a less-differentiated cell population and worse 
prognosis when elevated [32–34]. Rapidly increasing tumor 
marker levels are highly suggestive of distant metastases, 
hence their ability to predict survival. Distant metastases are 
the cause of death in half of the patients with MTC. 1-, 5-, 
and 10-year survival after determining the presence of dis-
tant metastases is 51, 26, and 10–20 %, respectively [21].

Some studies of sporadic versus hereditary MTC suggest-
ed a difference in survival, while others have not [21, 27, 29]. 
What has been clearly demonstrated is the specific RET muta-
tion, rather than if it is a somatic or germ-line mutation, has 
great prognostic significance in MTC because it predicts how 
aggressively a tumor will behave, which is the basis for the 
ATA risk stratification guidelines. Among sporadic cases of 
MTC, the presence of a somatic RET mutation correlates with 
larger tumors, nodal and distant metastases, advanced stage at 
diagnosis, worse outcome, and decreased survival [35].

Surgical Management of Medullary Thyroid 
Carcinoma

The cornerstone of management for all patients with locally 
contained disease is a total thyroidectomy with central lymph 
node dissection (complete removal of all lymph nodes from 
the level VI compartment), and provides the best chance for 
cure in patients with MTC [25]. The complete central lymph 
node dissection does increase the risk of hypoparathyroid-
ism postoperatively. Care must be taken to preserve the 
parathyroid glands and their blood supply, or to remove the 
glands and perform an autotransplantation. Permanent hypo-
parathyroidism occurs in 3–4 % of patients who undergo a 
central neck dissection [36]. The risk of transient or perma-
nent injury to the recurrent laryngeal nerve is also slightly 
elevated with a lymph node dissection. However, the central 
compartment dissection is a vital component of appropriate 
treatment for MTC, and increases the cure rate [37]. Addi-
tionally, if any nodes in compartments II, III, IV, or V are 

Table 2  Ten-year survival in MTC by stage
TNM stage Overall survival (%)
I 100
II 93
III 71
IV 21
TNM tumor, node, metastases, MTC medullary thyroid cancer
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suspicious on ultrasound or intraoperatively, or a patient has 
a calcitonin level over 400 pg/mL, these nodes should be re-
moved [17, 38, 39]. Indeed, undertreated patients with only 
partial thyroidectomy or incomplete lymph node dissections 
have worse outcomes [40].

For patients with FMTC, prophylactic thyroidectomy 
can be considered based on the most recent ATA guidelines. 
Patients with level A and B germ-line mutations may delay 
prophylactic thyroidectomy, provided annual surveillance 
is in place and the family history suggests less aggressive 
tumor biology. Patients with level C germ-line mutations are 
recommended to undergo prophylactic thyroidectomy before 
the age of 5, and patients with level D germ-line mutations 
are recommended to undergo prophylactic thyroidectomy 
before the age of 1, although level D germ-line mutations are 
not generally observed in FMTC [25].

Postoperative Surveillance

Calcitonin and CEA levels should be checked 2 months fol-
lowing a total thyroidectomy with lymph node dissection, 
and every 6 months afterward. If calcitonin levels are unde-
tectable for 2 years, this interval may be increased to annual 
surveillance [25].

Patients with detectable calcitonin levels postoperatively 
are not considered cured. These patients likely had an incom-
plete surgical resection, or have metastatic disease. In any 
patient with biochemical recurrence, a neck ultrasound and 
FNA or biopsy of any suspicious masses is recommended. 
In the event of biochemical persistence or recurrence, when 
basal serum calcitonin levels reach above 150 pg/mL, a full 
metastatic workup is recommended.

Management of Locally Recurrent Medullary 
Thyroid Carcinoma

For patients found during postoperative surveillance to have a 
local recurrence, surgical intervention should be considered. 
Subcentimeter indeterminate lymph nodes can be followed 
with serial ultrasounds. In one large retrospective study of 
patients presenting with persistent MTC and serum calci-
tonin under 1000 pg/mL who previously had no or incom-
plete neck dissection, reoperation and completion of lymph 
node dissection lead to biochemical cure in 44 % of patients 
with no prior lymph node dissection, and 18 % biochemi-
cal cure in patients with incomplete lymph node dissection 
[41]. While this has not yet been validated in a randomized 
control trial, this suggests complete lymph node dissections 
can significantly increase cure rates. External beam radiation 
therapy (EBRT) may also be used for locoregional control, 
to relieve pain, and avoid compressive complications [42]. 

Common toxicities are acute mucositis and dysphagia, and 
there is no current evidence that EBRT improves survival 
[43, 44].

Management of Metastatic Medullary Thyroid 
Carcinoma

Although total thyroidectomy and lymph node dissection 
will not be curative in patients with distant metastases, pal-
liation of symptoms related to mass effect in the neck, such 
as pain, tracheal involvement, or esophageal compression, is 
absolutely indicated. If an R0 resection will not be possible, 
lymph node dissection can be limited to avoid unnecessary 
injury to the recurrent laryngeal nerves. However, recently 
a large retrospective review of a cohort with MTC showed 
thyroidectomy and lymph node resection improved surviv-
al in patients with distant metastases [28]. Given this new 
information, although the most recent ATA guidelines rec-
ommend limited surgery in patients with distant metastatic 
disease, it may not be in the patient’s best interest to rely 
on medical management alone, or perform an incomplete 
dissection. The potential survival benefits must be balanced 
against potentially grave morbidities. If there is extensive 
compression or invasion of the trachea, a tracheostomy may 
be required for palliation. Patients with residual gross dis-
ease can undergo EBRT to improve locoregional control 
[45]. However, it is important to appreciate that postradia-
tion fibrosis will make any potential future interventions sig-
nificantly more technically challenging, and therefore EBRT 
is best considered in patients who would otherwise not be 
appropriate surgical candidates.

Isolated brain metastases can be addressed with surgical 
intervention or EBRT. Patients with multiple distant metas-
tases, such as the liver and lung, do not benefit from hav-
ing metastases addressed surgically. Additionally, traditional 
chemotherapies are not particularly efficacious in control-
ling disease burden or symptoms, in addition to being highly 
toxic. Recently developed targeted molecular therapies can 
address metastatic disease in a more refined manner.

Monoclonal antibodies to tyrosine kinase receptors, in-
cluding RET, can inhibit tyrosine kinase activity, decreasing 
cell proliferation and other downstream effects of activated 
tyrosine kinases. The first tyrosine kinase inhibitor (TKI) 
approved by the Food and Drug Administration (FDA) for 
use in advanced MTC was vandetanib, an oral multikinase 
inhibitor of RET, vascular endothelial growth factor receptor 
(VEGFR), and endothelial growth factor receptor (EGFR), 
which has been shown to prolong progression-free survival, 
with a mortality rate not related to progressive disease of 
2.2 % [46, 47]. Vandetanib has also been shown to control 
Cushing’s syndrome caused by an ACTH-secreting MTC 
[48]. Since its approval, two other oral multikinase inhibitors 
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have been approved by the FDA for treatment of advanced 
MTC: sorafenib and cabozantinib.

Sorafenib targets both RET and VEGFR, and has also 
been shown to increase progression-free survival, cause 
partial responses in approximately 20 % of patients, and sta-
bilize disease in 70 % of patients with MTC [49]. In a me-
ta-analysis of all phase II trials of sorafenib for metastatic 
thyroid cancer of all histologies, the mortality rate not re-
lated to progressive disease was 3.7 % [50]. Therefore, while 
sorafenib is quite efficacious in stabilizing disease progres-
sion, there are more adverse events compared to vandetanib, 
and appropriate patient selection is crucial.

Cabozantinib targets RET, VEGF, and hepatocyte growth 
factor (MET). In a phase III trial conducted on patients with 
MTC, cabozantinib was shown to prolong progression-free 
survival as well as overall survival, regardless of RET muta-
tion status [51, 52]. Therefore, it may be particularly useful 
in patients without an RET mutation who have a weak or no 
response to vandetanib.

Sunitinib, a TKI currently FDA approved for the use in 
advanced pancreatic neuroendocrine tumors, has been shown 
to work synergistically with cisplatin against MTC in vitro, 
introducing a new potential role for traditional cytotoxic che-
motherapy in the treatment of stage IV MTC [53, 54].

Future Directions

Another pathway found to be important in the carcinogen-
esis of MTC is the mammalian target of rapamycin (mTOR) 
pathway. Inhibition of mTOR in vitro has been shown to 
suppress growth in RET mutated MTC cell lines [55, 56]. 
Therefore, mTOR inhibitors such as everolimus, which have 
been approved for several other malignancies, may have 
therapeutic value in MTC. While no phase I, II, or III trials 
have been completed to evaluate the safety and efficacy of 
everolimus in MTC, in one study two patients with progres-
sive metastatic MTC showed partial responses [57].

Immunotherapy may also have a role in the treatment of 
MTC. A phase I trial of a recombinant yeast-CEA vaccine 
(GI-6207) has shown good safety and tolerance, and one pa-
tient with MTC in the trial had a significant inflammatory 
response at their sites of metastatic disease [58].

Nelfinavir, a protease inhibitor previously used in the 
treatment of human immunodeficiency virus (HIV), may 
also have activity against MTC cells by targeting the heat 
shock protein 90 (HSP90), a chaperone protein required for 
RET stability. Nelfinavir was able to decrease RET protein 
levels, block downstream effects of RET, and induce apop-
tosis in human MTC cell lines in vitro [59].

Recently, the calcium/calmodulin-dependent kinase II 
(CaMKII) has been shown to be overactive in MTC cells 
with RET mutations. CaMKII is a serine/threonine pro-

tein kinase which among its many signaling functions can 
activate the MAPK pathway. An endogenous inhibitor of 
CAMKII, hCamKIINα has also been identified, and an in-
verse relationship between hCamKIINα expression and local 
tumor extension as well as lymph node metastases has been 
observed [60]. This suggests that inhibition of CaMKII can 
temper tumor behavior. Therefore, CaMKII has the potential 
to be a very useful target of molecular therapy in patients 
with stage IV MTC.

The more that is understood about the molecular biology 
of MTC, the more potential targets can be identified to create 
new molecular therapies specific to targeting MTC. As with 
all cancer treatments, the future lies in tailored approaches 
based on the genetic and cellular abnormalities which cause 
MTC.

Key Summary Points

• Medullary thyroid cancer originates from parafollicular C 
cells.

• Hereditary MTC and many forms of sporadic MTC are 
caused by mutations in the RET proto-oncogene, with a 
relationship between level of over activation of the RET 
tyrosine kinase and aggressiveness of tumor behavior.

• Diagnosis of MTC is most accurately made with FNA 
calcitonin.

• Staging workup includes a metastatic workup for patients 
with positive lymph nodes on physical exam or ultra-
sound, and all patients with a calcitonin level above 
400 pg/mL.

• Appropriate surgical management of MTC includes a 
total thyroidectomy, central lymph node dissection, and 
in patients with clinically concerning lateral nodes or cal-
citonin level above 400 pg/mL, lateral lymph node dis-
section.

• Postoperative surveillance includes serum calcitonin and 
CEA levels to monitor for recurrence and neck ultrasound 
if there is evidence of biochemical recurrence.

• Local recurrences can be managed by observation, EBRT, 
or surgical intervention, which may improve cure rates.

• Patients with stage IV disease may still benefit from total 
thyroidectomy and lymph node dissection for local dis-
ease control as well as a potential survival benefit.

• Molecular-targeting therapies, such as TKIs, which can 
specifically target tumors with a constitutively activated 
RET mutation, are a promising modality for treating 
patients with stage IV MTC.

• Future therapies targeting proteins unique to parafollicu-
lar C cells and over activated pathways in MTC cells may 
provide a new and more refined strategy for treating stage 
IV MTC.
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John Richard Farndon’s parents were married in 1939 and 
lived in a rented back-to-back flat in the Tinsley area of Shef-
field. This home was destroyed in the blitz of December 1940 
and as a consequence they went to live with their parents. 
John was born on 16 February 1946 and his younger brother 
was born in 1949. Once the children were born, they moved 
to a large council estate between Sheffield and Rotherham. 
This was not far from the Orgreave coking works, which 
was the site of significant conflict during the miners’ strike 
in 1984. In the 1950s and 1960s in this part of South York-
shire, coal mining and the steel industry dominated most 
working lives. Life was very different during their childhood 
in the 1950s than it is today. There were no cars, telephones, 
fridges, washing machines, tumble dryers, double glazing, or 
central heating. The toilets were outside, socks were darned, 
the baths between the boys were shared and most people in 
the county supported either Sheffield United or Sheffield 
Wednesday football teams. Smoking amongst the commu-

nity was almost endemic and all the men drank either mild 
or bitter beer. John’s reflections of his childhood are that it 
was a happy time and although circumstances were mod-
est, everybody in the community lived in similar homes and 
shared a common lifestyle. There was no feeling within the 
Farndon family that they were underprivileged or deprived. 
The concept of going to university seemed foreign and it was 
felt that this would not play a part in the children’s lives. For 
holidays, the family usually went on trips to the east coast of 
England, favourite destinations being Scarborough and Brid-
lington. One year, Riley’s, the local coach operator, took the 
family to Great Yarmouth and this was considered a really 
adventurous trip! John’s brother Clive, a successful practic-
ing lawyer in Leeds describes their childhood in the 1950s 
as being “just another couple of lads growing up with their 
mates on a council estate in South Yorkshire.” Time was 
passed and amusement and entertainment provided, particu-
larly in John’s case, by constructing go-karts out of pieces of 
wood and old pram wheels taken from the local dump. Clive 
reflects that the steering mechanism had a mind of its own 
and that brakes were nonexistent. Despite this, he recalls the 
two of them used to race these carts alongside the main Shef-
field to Rotherham road.

For education, the two boys attended the local junior 
school. This was at a time that the national exam system 
(called the 11+) was in place, and it was not expected that 
anyone from John’s estate would ever take this test and pass 
it. This seemed accepted by the local community; families 
were simply just not academic. There were no role mod-
els, icons, or anyone to inspire or stimulate. However, this 
mould was broken in the summer of 1957 when John passed 
the 11+ exam and he subsequently attended the Woodhouse 
Grammar School in Sheffield, a prestigious grammar school 
with an enviable reputation for both academic and sporting 
achievement. Clive comments that this must have been a dif-
ficult and challenging time for John to adjust, maintaining 
his connections with those he had grown up with but forg-
ing new friendships with a new academic focus in the gram-
mar school. John worked hard, without being a swot, and 
in this environment his academic abilities flourished. John 
is remembered in the family as being someone with good 
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humour, a self-effacing demeanour and a complete absence 
of pomposity, but also someone who had a strong desire to 
succeed from an early age. He kept these qualities during his 
time as a medical student and later as a doctor and consultant 
and his modest beginnings underline the truly remarkable 
achievements that he had later in life with his global reputa-
tion as a successful surgeon.

Following completion of his secondary education at 
Woodhouse Grammar School Sheffield, John Farndon was 
admitted to the University of Newcastle upon Tyne in 1964 
for the medical course. During his time as a student, he un-
dertook an intercalated degree as a Bachelor of Science in 
anatomy. Under the direction of Professor Joe Scothorne, 
Professor of Anatomy, he obtained a first-class honours de-
gree for his dissertation entitled “An investigation of some 
factors controlling the growth and development of the para-
thyroid glands in the chick embryo”. He was a distinguished 
medical student during his time in Newcastle and won a 
number of undergraduate prizes, the most notable of which 
was the Philipson Scholarship, an award given for the best 
graduating student. He attained this at the time of his gradu-
ation in 1970 when he was also awarded second-class hon-
ours. His postgraduate training was also in the northern re-
gion of England. After a year as a demonstrator in anatomy, 
following his house surgical and physician posts, he was ap-
pointed to the registrar training program. He conducted a 
period of research in the Department of Surgery at Newcastle 
University between 1976 and 1977 and completed his thesis 
for the degree of doctorate of medicine in 1986, the thesis 
being entitled “Pheochromocytoma”. In January 1979, he 
was awarded the prestigious Peel Travelling Fellowship and 
International Research Fellowship in the Department of Sur-
gery, Duke University Medical Centre, Durham, North Caro-
lina. Here, he undertook the seminal work for which he is 
most remembered on medullary thyroid cancer. Working 
under the supervision of Dr Sam Wells, John began collect-
ing data on families in whom medullary thyroid cancer had 
been diagnosed. In addition to those families where this was 
co-expressed with pheochromatoma and parathyroid disease 
(MEN II), he found some families where MTC was the sole 
manifestation of the inherited condition in a given kindred, 
recording for the first time this familial syndrome (see refer-
ences [1–8] for Most Significant Publications and see also 
Chap. 13). In 1981, he was appointed senior lecturer in sur-
gery at Newcastle University and honorary consultant sur-
geon at the Royal Victoria Infirmary, Newcastle, working 
under the chairmanship of Professor Ivan Johnston. His in-
ternational acclaim during his early years as consultant was 
highlighted by an award of the James IV Travelling Scholar-
ship in 1984 where he visited the Universities of California, 
Washington, Duke University, Virginia, Michigan, Chicago, 
Johns Hopkins, and the Memorial Sloan Kettering Hospital. 
The following year he was awarded the Australian College 

of Surgeons Travelling Fellowship and gave lectures in the 
Universities of Auckland, Christchurch, Sydney, and Mel-
bourne. That same year, in 1985, he was awarded a Hunteri-
an Professorship by the Royal College of Surgeons of Eng-
land and he gave his Hunterian oration on 6 June 1986 enti-
tled “Parathyroid Transplantation”. His reputation as an en-
gaging and informed lecturer grew in the early 1990s during 
his time as a senior lecturer. He gave talks in Hong Kong, 
India, Ireland, Adelaide, South Africa, the UK, Malaysia, 
Hamburg, Athens, Gothenburg, Tokyo, and Boston all at ei-
ther prestigious meetings or as personal invitations for epon-
ymous lectures (Fig. 1). In 1988, he applied for and was ap-
pointed to the Chair of Surgery at the University of Bristol 
where he was head of the division of surgery and honorary 
consultant surgeon at the United Bristol Healthcare Trust. 
His publications numbered nearly 200 and the vast majority 
of these are in the field of endocrine surgery but also span a 
wide range of general surgical topics, reflecting the state of 
UK surgery at the time when specialization was evolving. He 
was editor of a number of important books, most notably the 
Companion to Specialist Surgical Practice volumes relating 
to endocrine surgery and he contributed 34 chapters in the 
leading textbooks of the time, largely on matters relating to 
endocrine surgery. Up to 2001, he had given 146 papers to 
learned societies, was in receipt of a further 123 invited talks 
and meeting chairmanships, and was increasingly recog-
nised as the leading light in endocrine surgery in the UK and 
internationally. Simply to list his achievements and publica-
tions does not give sufficient recognition to the qualities of 
the man who we remember and respect. As a teacher and a 
trainer of both undergraduates and postgraduates, he was 
completely selfless. He would always find time to teach the 
medical students, was more than willing to hold retractors 
for surgical trainees and take them through complex opera-
tions, no matter what time of day or night and the patient was 
always the central focus of his attention and motivation. He 
supervised a large number of research projects leading to 

Fig. 1  John in his study at home
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higher degrees for his trainees during his time in Newcastle 
and subsequently in Bristol. For many, this was the launch of 
their career, and several of his trainees and students have 
gone on to achieve major roles in the surgical and medical 
world, influenced and supported by his dedication and com-
mitment. He was a kind and generous man and above all was 
fun to work with and be around. He had a very good sense of 
humour and the legendary water fights that used to occur at 
the end of his operating lists on a Friday evening in theatre 1 
at Newcastle’s Royal Victoria Infirmary are still remem-
bered! A measure of the respect with which he was held was 
the fact that he was the surgeon’s surgeon and the physician’s 
surgeon. His personal workload, both clinically and academ-
ically, was legendary. His reliability and his loyalty were 
without question. If John said he would do something, it 
would be done. Most notably, in his later years he undertook 
editorship of the British Journal of Surgery, a post of huge 
responsibility and workload and he personally reviewed a 
very significant number of the publications submitted to that 
journal for consideration. He was president of the British As-
sociation of Endocrine Surgeons from 1999 to 2001 and his 
wisdom, common sense, and leadership skills led him to be 
involved in a large number of interests outside of medicine 
and related to medicine in its broadest sense. This included 
being an assessor for the Commonwealth Universities Schol-
arship’s Commission, an international advisory board mem-
ber for a number of universities, and an assessor for a num-
ber of significant grant awarding bodies. His success in aca-
demic surgery led him to being invited to review and advise 
on the future of academic departments in several internation-
al medical schools as well as working for the education com-
mittee of the General Medical Council. Within the wider 
National Health Service in the UK, he was involved in the 
breast screening committees at the time that this service was 
being set up nationally, regional and international research 
training committees and he was governor of one of the local 
schools in Bristol. As a pioneer in introducing new tech-
niques and advancing the scholarship of surgery, he was 
without doubt a leading light. This included the establish-
ment of fine needle aspiration biopsy, both in the thyroid 
gland and in the breast in both Newcastle and the Bristol 
breast units. Outside medicine, he had a long-standing inter-
est in hockey, a sport that he continued during his under-

graduate career when he was captain and vice president of 
the medicals hockey club and awarded full colours. He 
played also for the Tynedale Hockey Club and was interested 
in gardening, classical music, and of course he was dedicated 
to the support and development of his family. His untimely, 
tragic and unexpected sudden death in February 2002 at the 
very peak of his career left a huge gap not only in the world 
of breast and endocrine surgery nationally and internation-
ally but also in the hearts of those who were close to him. 
Undoubtedly, much more was to come from this outstanding, 
unique, and kind man and those who were lucky enough to 
work with him and have learned from him remain respectful 
and in admiration not only for his skill and ability as an aca-
demic surgeon but also for his outstanding qualities as a 
human being that he displayed.
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In the past decade, the incidence of thyroid cancer in the 
USA has been increasing at a rate of 5–6 % per year, and 
mortality rates have been rising at an average of 0.9 % per 
year [1]. Thyroid cancer is the ninth most commonly diag-
nosed cancer, and comprises ~ 4 % of all new cancer cases 
[1]. The trend in rising thyroid cancer incidence is an inter-
national trend, and can be seen in analysis of population-
level cancer registries worldwide [2]. Women are threefold 
more likely to be diagnosed and remarkably, this propensity 
is observed across different geographic areas and ethnicities 
[2]. Although the rising rates appear to be coincident with the 
widespread use of ultrasound and fine-needle aspiration bi-
opsy (FNAB) [3], early detection may not be the only reason 
for the increased incidence as the trend is observed in men 
as well as in women, among all ages, in all tumor sizes, and 
across different racial and ethnic groups [4, 5].

The majority (95–98 %) of thyroid cancers are differenti-
ated (DTC) and include papillary, follicular, and oncocytic 
(Hürthle) cell carcinomas. All three histologic subtypes arise 
from the follicular epithelial cells which line the 20–30 mil-
lion spherical follicles within the thyroid gland that are filled 
with colloid and can store up to a 3-month supply of thy-
roid hormone [6]. Papillary thyroid cancer (PTC) represents 
80–85 % of diagnosed DTC, and is histologically character-
ized by neoplastic papillae lined by cuboidal or columnar 
cells with the cytologic features of clear nuclei, i.e., “Or-
phan Annie eyes” (80 %), intranuclear inclusions (80–85 %), 
and nuclear grooves (nearly 100 %). Psammoma bodies are 
formed from focal areas of infarcted papillae and are only 
rarely (< 1 %) described in benign thyroid disorders [7]. Fol-

licular thyroid cancer (FTC) represents 4–5 % of DTC, and is 
rarely occult. The diagnosis of FTC requires capsular and/or 
vascular invasion, and relies on histologic evaluation. FTC 
typically is hematogenously disseminated and distant metas-
tases to bone and/or lung are more common than lymph node 
involvement [8]. Oncocytic (Hürthle) cell thyroid carcino-
mas (OTC) comprise the final major histologic DTC subtype 
and are diagnosed in 2–3 % of cases. Hürthle cells were first 
described in 1894 but not by Karl Hürthle. Hürthle cells 
are now known to be derived from follicular cells and may 
develop in response to defects in mitochondrial DNA [9]. 
OTC share many clinical features with FTC particularly a 
tendency for hematogenous spread and poorer prognosis 
when compared to PTC. However, unlike FTC, OTC has a 
higher risk for local recurrence and is less iodine-avid with 
an overall poorer 10-year survival [10, 11].

Risk Factors

Environmental

Exposure to ionizing radiation is a risk factor for develop-
ing DTC, and the risk is dependent on the dose received as 
well as age at the time of exposure. Radiation to treat be-
nign conditions such as acne, ringworm, and enlargement of 
the thymus or tonsils used to be common; however, these 
treatments ended in the 1960s. Other causes of radiation ex-
posure include nuclear accidents, occupational exposures, 
diagnostic examinations, and therapy for malignant con-
ditions. Although the risk of thyroid cancer after head and 
neck radiation diminishes when the age at the time of ex-
posure is greater than 15 years, the increased risk can last 
for up to 40 years [12]. Thus, there has been scrutiny at the 
increasingly frequent use of computed-tomography (CT) 
scans and fluoroscopy in pediatric diagnostic imaging. The 

Editors’ Note: This chapter and the chapter “Update of the Treatment Guidelines for Well-Differentiated Thyroid 
Cancer” by Dr. Glenn and Wang are excellent companion pieces. We highly suggest reading them together to 
appreciate the many nuances of therapy for thyroid nodules and thyroid cancer.
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risks are estimated to be low but current rates of utilized 
testing will lead to elevated risks of thyroid cancer that are 
thought to range from 4 to 65 thyroid cancer cases per mil-
lion people from CT scan use alone [13]. Radiation-induced 
cancers are often multifocal and carry different molecular 
alterations. Whether they are phenotypically different from 
nonradiation-induced tumors is unclear. Although studies of 
Chernobyl-related thyroid cancer cases suggest a more ag-
gressive clinical course, the younger age at diagnosis and en-
demic iodine deficiency may have contributed to the cancer 
aggressiveness [14].

Other environmental risk factors that have been proposed 
and studied include iodine intake and polybrominated diphe-
nyl ethers found in a widely used flame retardant; however, 
causal relationships have been difficult to determine. Iodine 
intake in particular is theorized to play a role in the histo-
logic type of diagnosed DTC but not in the cancer incidence. 
For example, regions with high iodine intake such as Japan 
and China have a higher incidence of PTC while areas with 
endemic iodine deficiency have a higher incidence of FTC 
[15]. Obesity has also been proposed as a risk factor for thy-
roid cancer and a number of studies have demonstrated a 
modest association between body mass index and DTC. The 
mechanism could be related to either how insulin resistance 
and subsequent hyperinsulinemia augments pre-activated 
proliferative pathways, or a result of the pro-invasive effects 
of leptin and other adipokines [16].

Hereditary

Familial nonmedullary thyroid cancer (FNMTC) is most 
frequently associated with the familial adenomatosis pol-
yposis (FAP), PTEN hamartoma tumor (PHTS), or Carney 
complex type 1 syndromes (Table 1). Affected members of 
all three syndromes have a higher incidence of both benign 
and malignant thyroid disease. FAP is caused by mutations 
in the APC gene and is characterized by > 100 colorectal 
adenomatous polyps. The diagnosis of the rare cribriform-
morular-variant PTC should increase clinical concern, al-
though conventional and follicular-variant PTC are also seen 
[17]. PHTS was previously known as Cowden’s syndrome 
and is associated with mutations in the PTEN tumor sup-
pressor gene. Hashimoto’s thyroiditis is seen in up to 40 % 
of affected patients and there is an overall high 35 % risk of 
thyroid malignancy [18]. Although FTC comprises a higher 
proportion of PHTS-associated thyroid cancers, PTC is the 
most commonly diagnosed histologic DTC type [19]. The 
risk of thyroid malignancy in Carney complex type 1 is 
<  5 %, and PTC or FTC are most common [20]. Surveillance 
for patients who are affected members of a known inherited 
predisposition syndrome should include yearly thyroid-stim-
ulating hormone (TSH), neck exam, and thyroid ultrasound. 
Prophylactic thyroidectomy is not indicated although if sur-
gery is directed by cytology findings, then total thyroidec-
tomy is typically recommended [21].

FNMTC can also be diagnosed in the absence of an 
identified predisposition syndrome or history of radiation 

Table 1  Hereditary syndromes associated with DTC
Familial adenomatosis polyposis PTEN hamartoma tumor 

(Cowden’s)
Carney complex
type 1

Pathognomonic criteria > 100 colorectal adenomatous 
polyps

Mucocutaneous lesions and cer-
ebellar tumors

Pigmented skin lesions, i.e., len-
tigines, cutaneous, and/or mucosal

Major manifestations – Breast, endometrial, and thyroid 
cancer; macrocephaly

Blue nevi, pigmented nodular 
adrenals, cardiac myxomas

Minor Extracolonic polyps, congenital 
hypertrophy of retinal pigment 
epithelium; soft tissue tumors; 
desmoids; osteomas

Fibrocystic breast disease, mental 
retardation, gastrointestinal ham-
artomas, lipomas; fibromas, renal 
cell carcinomas, uterine fibroids

Melanotic schawannomas; adre-
nal, hepatocellular, or pancreatic 
cancers; pituitary adenomas

Gene APC (80 %) PTEN (80 %) PRKAR1A (70 %)
Prevalence of thyroid disease:
Benign 40 % Up to 75 % Up to 75 %

Hashimoto’s thyroiditis in 40 %
Cancer 0.4–12 % 35 %  < 5 %
Cancer types CMV-PTC 63 % PTC 50 % PTC

FV-PTC 25 % FV-PTC 28 % FTC
PTC 12 % FTC 14 %

Presentation Possibly more likely in women Thyroid cancer is earliest 
presentation

–

Surveillance Thyroid ultrasound, neck exam, and TSH at diagnosis, then yearly
Treatment Total thyroidectomy when surgery indicated
CMV cribriform-morular variant, FV follicular variant, FTC follicular thyroid cancer, PTC papillary thyroid cancer
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exposure, and is defined by DTC in at least two first-degree 
relatives [21]. In a population-level Nordic study, a threefold 
elevated risk of thyroid cancer was observed even if a single 
first-degree relative was diagnosed with either PTC or FTC. 
The risks were more pronounced if the relative was diag-
nosed at a young age although there was a trend towards con-
cordant age at DTC diagnosis [22]. A number of candidate 
loci have been identified including MNG1, TCO, fPTC/PRN, 
NMTC1, FTEN, and FOXE1 [23]. Nonsyndromic FNMTC 
may be associated with earlier age onset, multifocality, ex-
trathyroidal extension, and lymph node metastasis. Prophy-
lactic thyroidectomy is also not necessary although neck ul-
trasound is recommended at age 20 or 5–10 years before the 
proband was diagnosed, and total thyroidectomy is typically 
performed when surgical intervention is indicated [21].

Genetics of Sporadic DTC
The majority of DTC are sporadic, and the most common 
genetic alterations implicated in thyroid carcinogenesis in-
volve activating mutations in the mitogen-activated protein 
kinase (MAPK) and PI3K-AKT pathways that lead to down-
stream upregulation of tumor-promoting and cancer progres-
sion genes [24]. The type of mutation correlates to histologic 
subtype (Table 2) [24, 25]. For example, FTC are more likely 
to have mutations in the RAS and PTEN genes while BRAF 
V600E and RET/PTC rearrangements are more common 
in conventional PTC. Interestingly, follicular-variant PTC 

which has morphologic features more consistent with PTC 
but biologic behavior that is often similar to FTC, shares 
gene alterations with both histologic types.

BRAF V600E is the most common gene alteration in 
thyroid carcinogenesis, and can be associated with up to 
40–50 % of conventional PTC. BRAF mutations may corre-
late with aggressive tumor characteristics such as extrathy-
roidal extension, advanced tumor stage at presentation, and 
lymph node or distant metastases, and may be an indepen-
dent, age-related predictor of tumor recurrence [26, 27]. In 
a cohort study, persistent/recurrent disease was most likely 
in PTC patients who had BRAF V600E-positive tumors and 
who were age ≥ 65 years [28]. Xing et al. evaluated a multi-
institutional and retrospective series of 1840 PTC patients 
with median follow-up of 33 months, and observed an asso-
ciation between BRAF V600E and increased disease-specific 
mortality. However, in multivariate analysis, the effects of 
BRAF did not appear to be independent of extent of disease 
at presentation including presence of lymph node metastasis, 
extrathyroidal extension, and distant metastasis [29].

RAS has a key role in signal transduction from tyrosine 
kinase and G-protein-coupled receptors to effectors of both 
the MAPK and PI3K-AKT pathways. Point mutations cause 
increased affinity of RAS to guanosine triphosphate (GTP) 
or inhibit the autocatalytic GTPase function, and both cause 
constitutive activation of downstream pathways [30]. RAS 
mutations are the most common gene alterations identified in 

Genetic alteration Associated DTC
Mutations
BRAF V600E Conventional PTC

Tall-cell-variant PTC
Follicular-variant PTC, unencapsulated

BRAF K601E Follicular-variant PTC, encapsulated
RAS Follicular adenoma

Conventional PTC
Follicular-variant PTC
FTC
OTC

PTEN FTC
OTC
Conventional PTC (rare)

TSHR FTC
Follicular-variant PTC

P53 Conventional PTC
OTC

PIK3CA FTC
Rearrangements
RET/PTC Conventional PTC

Follicular-variant PTC (rare)
PAX8-PPARγ Follicular-variant PTC

FTC
DTC differentiated thyroid cancer, PTC papillary thyroid cancer, FTC follicular thyroid cancer, OTC onco-
cytic thyroid carcinoma, TSHR thyroid-stimulating hormone receptor

Table 2   Correlation between 
gene alteration and differenti-
ated thyroid cancer subtype
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indeterminate biopsy specimens, and can include point mu-
tations in N-, K-, and H-RAS hotspots in codons 12/13 and 
61 [31]. All three mutant isoforms have been identified in 
up to 48 % of benign follicular adenomas, 50–60 % of FTC, 
and less frequently (20 %) in PTC [30]. Although most RAS-
associated thyroid cancers are indolent, RAS mutations have 
also been identified in medullary, poorly differentiated, and 
anaplastic thyroid cancers.

RET rearrangements in PTC have been well document-
ed and more than 10 different types of translocations have 
been described that are identified in 10–20 % of PTC [32, 
33]. Typically, the 3′ tyrosine kinase portion of the RET gene 
fuses with the 5′ of a different gene resulting in a ligand-
independent dimerization and constitutive activation of ef-
fector genes in both the MAPK and PI3-AKT pathways. A 
higher incidence of RET/PTC rearrangements are seen in 
PTC patients with a previous history of radiation exposure 
(50–80 %) and in younger patients (40–70 %) [34, 35]. The 
two most common fusion proteins are RET/PTC1 and RET/
PTC3; RET/PTC1-positive tumors demonstrate either clas-
sic papillary architecture or diffuse sclerosing features, while 
RET/PTC3 is associated with solid-variant PTC. All of the 
RET/PTC tumor subtypes have a higher rate of lymph node 
metastases [36].

Less commonly identified gene alterations in PTC and 
FTC include BRAF K601E, thyroid-stimulating hormone 
receptor ( TSHR), and somatic PTEN mutations in addition 
to the PAX8/PPARγ rearrangement (Table 2). A shift in diag-
nosed thyroid cancer histologies and molecular profiles was 
observed in an evaluation of thyroid cancers over four de-
cades at a single institution [37]. In addition to an increased 
median age at diagnosis, the proportion of classic PTC was 
observed to decrease over time. Three interesting temporal 
trends in DTC molecular profiles were observed: (1) The 
percentage of BRAF V600E-positive PTC remained stable 
although the proportion of classic PTC with BRAF V600E 
mutations increased in the later decades, (2) the prevalence 
of RAS mutations in thyroid cancers increased, and (3) RET/
PTC-positive PTC decreased over time suggesting that ex-
posure to ionizing radiation may have a diminishing contri-
bution to thyroid carcinogenesis [37].

Mitochondrial DNA mutations have been proposed as 
an etiology in formation of OTC. Mutations in GRIM-19, 
a regulatory gene involved in apoptosis and mitochondrial 
metabolism, have been identified in ~ 15 % of oncocytic or 
Hürthle cell variants of follicular and papillary thyroid car-
cinoma [38]. Point mutations in p53, RAS, and PTEN were 
identified in OTC after evaluation with next-generation 
sequencing, a method that allows parallel high-volume se-
quencing, that targets a panel of 284 hot-spot mutations pre-
viously reported in DTC [39]. However, 60 % of the studied 
OTC did not have any of the evaluated mutations and further 
study of the gene alterations that lead to OTC is still needed.

Accumulation of genetic alterations that lead to further 
dysregulation is one likely trigger for tumor progression, 
and multiple driver mutations can be found in recurrent/
metastatic DTC [24, 39]. Another marker that is associated 
with aggressive DTC is mutation of the telomerase reverse 
transcriptase ( TERT) promoter. Telomerase activation is a 
marker of malignancy that allows continued cell replication 
and TERT promoter mutations have been identified in other 
malignancies. TERT promoter mutations in thyroid cancers 
were identified in 7–22 % of PTC and ~ 35 % of FTC, were 
often found in association with BRAF or RAS mutations, and 
were more likely in patients with histologically aggressive 
differentiated thyroid cancer [40, 41]. In a series of 469 thy-
roid cancer patients of whom 402 had differentiated thyroid 
cancer, Melo et al. [42] reported that TERT promoter muta-
tions were independently associated with an increased risk 
of disease-specific mortality for both PTC and FTC patients. 
Other markers of aggressive thyroid cancer have often been 
synonymous with tumor dedifferentiation and these include 
mutations in p53 (25–30 %), PIK3CA (10–20 %), CTNNB1 
(10–20 %), and AKT1 (5–10 %) [25].

Clinical Manifestations

Most patients with DTC are asymptomatic. The most com-
mon presentation is a thyroid nodule found either on physi-
cal exam or incidentally on diagnostic imaging such as CT 
scan of the chest/neck or carotid duplex imaging. New-onset 
hypothyroidism may also be an indicator of malignancy, 
and a careful cervical and thyroid examination should be 
performed. A clinical history of an enlarging thyroid mass 
increases the concern for malignancy. On physical exam, an 
immobile and firm thyroid nodule is also worrisome. Rou-
tine evaluation should also assess for dysphagia, positional 
dyspnea, orthopnea, anterior neck discomfort, hoarseness, 
tracheal deviation, lymphadenopathy, and the presence of 
contralateral thyroid nodules. Supine dyspnea that is re-
lieved by positional change, a history of sleep apnea, and/or 
an inability to palpate the inferior aspect of the thyroid gland 
should raise concern for a substernal component.

Diagnosis

Neck ultrasound is the gold-standard imaging study used 
to evaluate thyroid nodule size and nodule characteristics. 
Suspicious sonographic features include solid consistency, 
taller-than-wide shape, marked hypoechogenecity, irregu-
lar border, intranodular hypervascularity, microcalcifica-
tions, and loss of the echogenic halo (Fig. 1a) [43]. Cervical 
lymphadenopathy should also always be concurrently evalu-
ated on cervical ultrasound. Lymph nodes that are rounded, 
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have microcalcifications, peripheral vascularization, loss of 
the fatty hilum, rounded shape, and cystic appearance are 
concerning and should undergo FNAB (Fig. 1b). A noncon-
trast CT scan of the neck can be considered if there is clini-
cal concern for substernal extension particularly if the caudal 
extent of the thyroid gland is not palpable on physical exam 
as substernal extension below the aortic arch may require a 
partial sternal split for complete resection.

FNAB is the most sensitive initial diagnostic test and 
also guides subsequent clinical management. For reporting 
standardization, cytology results should be classified into 
one of the six-tiered Bethesda System for Reporting Thyroid 
Cytopathology categories: inadequate, benign, atypia or fol-
licular lesion of undetermined significance, follicular neo-
plasm or suspicious for follicular neoplasm, suspicious for 
malignancy, or positive for malignancy [44]. Thyroidectomy 
is currently indicated for FNAB results in the indeterminate, 
positive for malignancy, or persistently inadequate catego-
ries. Diagnostic adjuncts may further identify if nodules with 
indeterminate cytology require surgery, and include (a) mo-
lecular testing for somatic mutations/rearrangements that are 
found in thyroid cancer [31, 45], (b) evaluation of gene ex-
pression profiling patterns that may identify nodules at lower 
risk for malignancy [46], or (c) identification of circulating 
TSHR messenger RNA (mRNA) that may be a marker of 
malignancy [47]. Patients with risk factors for thyroid cancer 
who have a dominant (> 1 cm) thyroid nodule, symptomatic 
thyromegaly, tracheal compression, and/or substernal goiter 
that are unable to be evaluated completely with FNAB or ul-
trasound (US) should also be considered for thyroidectomy.

Large nodules ( ≥ 4 cm) may have a higher risk of malig-
nancy (7–35 %) in addition to a higher likelihood of false-
negative benign FNAB results (0.9–20 %) [48], and the in-
ability to accurately exclude malignancy in large nodules 
may be considered another indication for surgery. Banks and 
colleagues developed a predictor model to aid in the diagno-
sis of suspicious or indeterminate FNA samples and reported 

that patient age, nodule size (nodules < 1.5 cm and larger 
nodules ≥ 3 cm were associated with increased risk), and cy-
topathology (suspicious for papillary thyroid carcinoma had 
the greatest risk) were all significant predictors of thyroid 
cancer. These three variables remained significant on mul-
tivariate analysis and, in combination, were predictive with 
74 % accuracy. The model was then prospectively validated 
in a separate cohort of 135 thyroidectomy patients, and was 
able to predict thyroid cancer in ROC analysis with an AUC 
of 0.85 [49].

Surgical Management

Although PTC can be readily diagnosed on FNAB, the di-
agnoses of FTC and OTC require further histologic exami-
nation of the entire nodule and its capsule in relation to the 
adjacent thyroid lobe tissue. The decision for initial extent 
and conduct of thyroidectomy depends on the degree of pre-
operative concern for DTC, size of the presumptive malig-
nancy, and other clinical features.

Among low-risk DTC patients who undergo lobectomy 
only, studies suggest a higher rate of local (up to 30 %) and 
contralateral lobe (5–10 %) recurrence; however, effects on 
long-term survival are less clear [50]. For any DTC patient 
> 45 years who also has extrathyroidal extension and/or 
palpable lymph node metastases (i.e., American Joint Com-
mittee on Cancer (AJCC) TNM stage III disease), total thy-
roidectomy versus thyroid lobectomy improves cause-spe-
cific mortality at 30 years (20 vs. 39 %) [51]. In a study of 
> 50,000 PTC patients from the National Cancer Data Base, 
total thyroidectomy compared to lobectomy for PTC ≥ 1 cm 
was associated with statistically significant improvement in 
10-year local recurrence rates (7.7 vs. 9.8 %) and 10-year 
survival (98.4 vs. 97.1 %). For PTC < 1 cm, the extent of thy-
roidectomy made no difference in recurrence or survival but 
the findings of this study are limited by heterogeneity in PTC 

Fig. 1  Preoperative ultrasound 
images of a left thyroid nodule 
(a, white arrow) that has several 
suspicious sonographic features 
including taller-than-wide shape, 
marked hypoechogenecity, 
microcalcifications, and no 
well-defined halo. The patient 
also had a concerning right level 
3 lymph node (b, dotted arrow) 
that was rounded and lacked a 
fatty hilum. Histology confirmed 
multifocal BRAF V600E-positive 
papillary thyroid cancer with 
metastatic disease in both the 
central compartment and right 
lateral neck

 



88 L. Yip

pathologic subtypes, use of radioactive iodine (RAI) abla-
tion, and variable management with TSH suppression [52].

Thyroidectomy for DTC ≥ 1 cm Diagnosed by 
Fine-Needle Aspiration

As mentioned previously, DTC diagnosed preoperatively is 
typically PTC, and thyroidectomy is the initial treatment. 
The false-negative rate of FNAB that is positive for ma-
lignancy is low (1–2 %) and patients should be counseled 
preoperatively about the possibility of false-positive results. 
Total thyroidectomy or near-total thyroidectomy (which 
leaves ≤ 50 mg of tissue at the ligament of Berry) is con-
sidered the procedure of choice when the tumor measures 
≥ 1 cm on preoperative US. Among experienced thyroid sur-
geons, initial total thyroidectomy is usually associated with a 
< 1 % risk of recurrent laryngeal nerve injury and a < 1 % risk 
of permanent hypoparathyroidism [53].

Thyroidectomy for DTC < 1 cm Diagnosed by 
Fine-Needle Aspiration

FNAB for thyroid nodules < 1 cm is typically not performed 
unless suspicious sonographic features are present. If diag-
nosed preoperatively, the management of small, papillary 
thyroid microcarcinomas (PTMC) remains controversial not 
just in determining the extent of surgery but also in decid-
ing if surgical management should be pursued. Although 
most studies suggest that PTMC is generally associated 
with an excellent long-term survival regardless of surgical 
procedure, there is a small but real percentage of patients 
who develop lymph node metastasis (up to 35 %) and distant 
metastasis (< 1 %). In one meta-analysis, recurrent disease 
from PTMC was associated with multifocality, “noninciden-
tal” disease, age < 45 years, and the presence of lymph node 
disease at presentation [54]. In the absence of these factors, 
thyroid lobectomy is considered adequate treatment for uni-
focal PTMC.

Nonoperative management has also been studied by Ito 
et al. [55]. In a series of 340 patients with PTMC who had 
observation instead of thyroidectomy, enlargement of the 
tumor more than 3 mm and lymph node metastasis occurred 
at 10-year follow-up in 15.9  and 3.4 % of the patients, re-
spectively. When compared to patients with PTMC who 
received immediate thyroidectomy, the rate of lymph node 
recurrence was the same. Furthermore, most patients who 
had nonoperative treatment had stable disease even at 10-
year follow-up [55]. Nonoperative treatment may be consid-
ered for selected patients with intrathyroidal tumors without 
evidence of lymph node metastasis, although studies with 

longer follow-up are still needed to determine the natural 
history of in situ PTMC.

Diagnostic Thyroidectomy

DTC is often first diagnosed on postoperative histology and 
follicular-variant PTC is now the most common histologic 
malignancy diagnosed after diagnostic thyroidectomy. For 
FNAB results in the indeterminate, persistently nondiagnos-
tic, or suspicious categories, diagnostic thyroid lobectomy 
and isthmusectomy at a minimum is indicated and is associ-
ated with histologic DTC in 20 , 5–10, and 50% of cases, 
respectively [56]. The minimum extent of initial diagnostic 
thyroidectomy is ipsilateral complete lobectomy, and isth-
musectomy as the thyroid isthmus is an important anatomic 
and surgical margin intraoperatively. Partial thyroid lobec-
tomy is an outmoded operation that puts the ipsilateral recur-
rent laryngeal nerve at unnecessary risk should reoperation 
be required. Since lobectomy and isthmusthectomy is associ-
ated with a 25–40 % chance of surgical hypothyroidism re-
quiring chronic replacement levothyroxine therapy, patients 
should be counseled about this possibility preoperatively.

Extent of Initial Thyroidectomy

The extent of initial thyroidectomy is influenced by a num-
ber of clinical factors. For patients with FNAB-proven 
DTC < 1 cm in size or who require diagnostic thyroidectomy, 
the evidence to date supports initial total thyroidectomy for 
patients who have: a history of radiation exposure, diag-
nosed hypothyroidism, a family history of DTC, suspicious 
sonographic nodule features, a contralateral macronodule 
(>1 cm), or evidence of lymph node or distant metastasis. A 
preoperative tumor mutation profile that may be more likely 
identified in DTC with aggressive histologic features such as 
TERT or BRAF V600E may also be an indication for initial 
total thyroidectomy.

Completion Thyroidectomy

For PTC, completion total thyroidectomy (also termed re-
operative contralateral lobectomy) to a thyroid remnant ≤ 1 
gm is recommended if total thyroidectomy would have been 
performed had the diagnosis been known preoperatively, i.e., 
the tumor is ≥ 1 cm, high-risk histologic subtype (such as 
tall cell, sclerosing, or columnar variant), multifocal, non-
encapsulated, and/or with apparent nodal involvement [57]. 
Widely invasive FTC is associated with a worse prognosis 
and such patients should undergo total thyroidectomy. In the 
absence of these factors, thyroid lobectomy is usually con-
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sidered adequate treatment for unifocal PTC or FTC < 1 cm. 
Because OTC can be multifocal and does not take up RAI 
as effectively, many support an aggressive surgical approach 
with total thyroidectomy for all OTC regardless of size.

Lymphadenectomy

Although cervical lymph node involvement is common in 
DTC and ranges from 20 to 90 % depending on the sensi-
tivity of the detection method, the prognostic significance 
of lymph node metastasis is controversial. Nodal disease is 
clinically apparent in < 10 % of patients with PTC or OTC, 
and most patients have occult micrometastases which likely 
have little to no prognostic significance for most patients as 
micrometastatic disease responds well to radioiodine thera-
py. Metastatic PTC documented in cervical nodes is associ-
ated with a risk of local recurrence; however, whether there 
is also an association with long-term PTC survival has not 
been clearly demonstrated. In a large Surveillance, Epide-
miology, and End Results (SEER) database study evaluating 
patient outcomes, lymph node metastasis has been shown to 
be a particularly poor prognostic indicator among FTC and 
older (> 45 years) PTC patients [58]. Metachronous lymph 
node metastasis is associated with a higher rate of recurrence 
and disease-specific mortality and develops in 5–10 % of pa-
tients with PTC after thyroidectomy and RAI ablation [59, 
60]. In contrast, metachronous nodal disease develops in up 
to 25 % of patients after thyroidectomy for OTC [61]. Syn-
chronous and metachronous lymph node metastases are rare 
in FTC and are an indicator of poor prognosis [62]. Whether 
synchronous or metachronous, the presence of clinically ap-
parent lymph node disease prompts surgical local control to 
prevent complications related to airway and venous obstruc-
tion.

In the preoperative evaluation of DTC, ultrasound is the 
best test currently used to identify nodal metastases. FNAB 
with or without thyroglobulin measurement of the aspirate 
is recommended when clinical or sonographic evidence of 
nodal metastasis is present. When cervical metastasis is con-
firmed, a therapeutic function-preserving and compartment-
oriented lymphadenectomy is recommended to decrease 
local recurrence and limit the need for potentially morbid 
reoperative neck surgery.

DTC, particularly PTC, usually first metastasizes to the 
central compartment (Level VI) [63]. The central compart-
ment is defined by the boundaries of the hyoid bone (su-
periorly), carotid arteries (laterally), superficial layer of the 
deep cervical fascia (anteriorly), and deep layer of the deep 
cervical fascia (posteriorly). The inferior boundary is de-
fined on the right by the innominate artery and on the left 
by the equivalent plane. A unilateral central compartment 
lymph node dissection includes the prelaryngeal (Delphian), 

pretracheal, in addition to either the right or left paratra-
cheal lymph nodes while a bilateral dissection includes both 
paratracheal nodal basins. While the data on whether or not 
prophylactic central neck dissection improves survival is 
conflicting, routine prophylactic clearance of central com-
partment nodal tissue has been demonstrated to lower post-
operative thyroglobulin levels at 6 months and may decrease 
recurrence rates in meta-analysis [64]. Prophylactic central 
neck dissection may also lead to more accurate staging and 
risk stratification and allow for a selective approach to RAI 
ablation [65]. However, the risk of hypoparathyroidism ap-
pears to be more frequent after thyroidectomy with central 
compartment neck dissection than after thyroidectomy alone 
and this risk, as well as the risk of recurrent laryngeal nerve 
injury, should be considered when deciding whether to per-
form prophylactic central neck dissection [64].

The lateral compartment is defined by the boundaries of 
the internal jugular vein (medially), trapezoid muscle (lat-
erally), subclavian vein (inferiorly), and hypoglossal nerve 
(superiorly). The lymph nodes within the lateral compart-
ment are further separated by anatomic boundaries defining 
levels I–V. The most common levels involved with meta-
static thyroid cancer are II–IV. In the absence of gross in-
volvement, a modified neck dissection which preserves the 
internal jugular vein, sternocleidomastoid, spinal accessory, 
and phrenic nerves, is usually performed for metastatic DTC. 
Prophylactic lateral neck dissection has never been shown to 
improve long-term outcomes and is not recommended for 
DTC patients.

Staging

A number of staging systems exist for DTC that incorporate 
clinical and histologic features including MACIS (metasta-
sis, age, completeness of resection, invasion, size), AGES 
(age, grade, extent, size), and AMES (age, metastasis, extent, 
size). The most commonly used is the AJCC TNM staging 
system currently in its seventh edition which takes into ac-
count patient age, tumor size and degree of extrathyroidal 
extension, nodal metastasis, and distant metastasis (Table 3) 
[66]. Advanced stage disease is typically classified as AJCC 
TNM stage III (characterized by large tumor size > 4 cm, 
extrathyroidal tumor extension, and/or central compart-
ment lymph node metastasis) or stage IV (characterized by 
gross tumor involvement to the adjacent structures, lateral 
lymph node and/or distant metastasis). Age at diagnosis has 
a significant effect on prognosis, and elderly patients have 
a higher risk of disease-related mortality rate compared to 
younger patients. Unfortunately, older patients present with 
more aggressive disease with an increased likelihood of ex-
trathyroidal extension, and lymph node and distant metasta-
ses, and their cancers tend to be less iodine-avid [67]. In con-
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trast, patients younger than 45 years of age uniformly have 
an excellent prognosis and even in the presence of distant 
metastatic disease cannot have higher than stage II disease. 
All thyroid clinical scoring systems are imprecise and some 
patients who are stratified into low-risk groups may still be 
at risk for disease-related mortality [10].

Other histologic findings can also affect DTC prognosis. 
FTC, OTC, and FV-PTC are further classified by the degree 
of invasiveness with minimally invasive tumors having a bet-
ter prognosis than widely invasive lesions. The majority of 
postoperative staging systems were devised to stratify DTC 
patients by mortality risk. However, recurrence can occur in 
up to 20 % of patients, and the ATA Risk Stratification classi-
fies DTC into low, intermediate, and high risk for recurrence 
according to degree of extension, histologic subtype, pres-
ence of distant metastasis, extrathyroidal I131 uptake, and 
completeness of resection [57]. Adequate surgery is essential 
for DTC patients as implicit in several DTC staging schema 
is the information provided by the use of RAI, which in turn 
depends on complete tumor resection by total thyroidectomy 
and appropriate lymphadenectomy.

RAI Ablation

The observed results of radioiodine ablation on survival and 
local recurrence in retrospective studies have been variable. 
Among DTC patients with low-risk thyroid cancers, the risk 
of mortality at 10 years is < 2 % and no improvement in sur-
vival or local regional recurrence has been consistently dem-
onstrated with RAI ablation [68]. RAI ablation in high-risk 
DTC patients, e.g., patients with tumors > 1.5 cm, incom-
plete tumor resection, or AJCC TNM stage III/IV disease, is 
more likely to be associated with improved disease-specific 
survival and a lower risk of local recurrence [69]. Among 
patients with OTC, RAI ablation may also be associated with 
a longer interval to disease progression and disease specific 
mortality [70]. Two-stage ablation, i.e., nonoperative de-
struction of the contralateral lobe after diagnostic lobectomy 
and isthmusectomy, is occasionally used instead of comple-
tion thyroidectomy if there is a major contraindication to re-
operation such as vocal cord paralysis.

One role of RAI treatment is to ablate any remaining rem-
nant tissue, which can facilitate surveillance. Thyroglobu-
lin levels in the absence of thyroglobulin antibodies are a 

Table 3  American Joint Committee on Cancer (AJCC) 7th Edition, TNM Staging for DTC [66]. (Used with permission of the American Joint 
Committee on Cancer (AJCC), Chicago, Illinois. The original and primary source for this information is the AJCC Cancer Staging Manual, Sev-
enth Edition (2010) published by Springer Science + Business Media)
Tumor
Tx Cannot assess – –
T0 No evidence of tumor – –
T1 Size ≤ 2 cm – –
T1a Size ≤ 1 cm – –
T1b Size 1–2 cm – –
T2 Size 2.1–4 cm – –
T3 > 4 cm, or minimal extrathyroidal extension
T4a Extends beyond capsule to subcutaneous soft tissues, larynx, trachea, esophagus, recurrent laryngeal nerve or recurrent laryngeal nerve
T4b Invades prevertebral fascia, encases major vessels
Nodal disease
Nx Cannot assess – –
N0 None – –
N1a Level VI (pretracheal, paratracheal, prelaryngeal)
N1b Lateral cervical or superior mediastinal
Distant metastasis
Mx Cannot assess – –
M0 None – –
M1 Present – –
Staging  < 45 years old  ≥ 45 years old
I Any T Any N M0 T1 N0 M0
II Any T Any N M1 T2 N0 M0
III – T3 N0 M0
– – T1–3 N1a M0
IVa – T4a Any N M0
– – T1–4a N1b M0
IVb – T4b Any N M0
IVc – Any T Any N M1
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sensitive indicator of recurrent or persistent disease and are 
more likely to be an accurate quantitative measure of tumor 
burden if all normal thyroid tissue has been ablated. Low-
risk DTC such as small FTC (< 1 cm) without vascular inva-
sion, encapsulated FVPTC, or intrathyroidal PTC generally 
have an excellent overall prognosis and do not need postop-
erative RAI. As discussed in more detail in another chapter, 
RAI ablation is generally recommended for all PTC patients 
with AJCC TNM stage III or IV disease. Recommendations 
remain mixed for patients with stage II disease and patients 
with stage I disease who have aggressive pathologic findings 
such as multifocality, extrathyroidal (either gross or micro-
scopic) or vascular invasion, or concerning histologic sub-
types such as tall cell, columnar cell, or insular. Decisions 
for or against RAI are likely influenced by the accuracy of 
testing modalities available for long-term surveillance. RAI 
remnant ablation is recommended for most OTC and FTC 
patients.

Optimal RAI uptake is achieved through TSH stimula-
tion either by T4 withdrawal or by recombinant human TSH 
(rhTSH). rhTSH has equivalent efficacy at remnant ablation 
compared to T4 withdrawal when using standard 131I abla-
tive dose, and provides favorable quality-of-life advantages 
[71, 72]. A stimulated TSH of > 30 mU/L has been associated 
with increased tumor RAI uptake; however, no controlled 
studies have been performed. A low-iodine diet (< 50 μg/
day) that restricts intake of iodized or sea salt, dairy prod-
ucts, and seafood for 1–2 weeks prior to RAI ablation can 
also facilitate thyrocyte iodine uptake.

Prior to the therapeutic 131I dose, a pre-therapy scan 
can be performed using 1–3 mCi of 131I in order to evalu-
ate the amount of thyroid tissue remaining following thy-
roidectomy. If inadvertently ablated, large thyroid remnants 
may cause painful thyroiditis, and thus reoperative surgery 
is sometimes indicated before RAI administration. Thyroid 
stunning, or decreased RAI uptake following the pre-thera-
py scan, is theorized to occur by a mechanism that may be 
related to downregulation of the sodium-iodide symporter. 
However, it is controversial and not all studies have demon-
strated an associated decrease in thyroid remnant ablation. 
This effect may be reduced by performing the pre-therapy 
scan either with the lowest dose of 131I or with 123I.

131I can be administered using three different methods: 
as an empiric fixed low (30-mCi) or high (100-mCi) dose, 
by quantitative tumor dosimetry, or by quantitative whole-
body dosimetry. Whole-body dosimetry is usually reserved 
for widespread metastatic disease, and quantitative tumor 
dosimetry is rarely used as the initial modality. Empiric fixed 
doses are most commonly utilized but the optimal dose is still 
somewhat controversial. However, two recent randomized 
trials demonstrated that for low-risk and selected intermedi-
ate-risk DTC patients, low-dose ablation (30 mCi) is associ-
ated with lower costs and reduced exposure to radioactivity 

without any detrimental impact observed on disease-specific 
survival or recurrence [73, 74]. To evaluate for iodine-avid 
metastatic disease, a post-therapy whole-body scan (WBS) 
is frequently obtained 5–8 days after administration of thera-
peutic 131I, and in ~ 10 % of patients, the post-therapy scan 
demonstrates clinically relevant disease which is not seen on 
the pre-therapy scan and is most often in the neck, chest, and 
mediastinum.

RAI has been associated with salivary gland dysfunction 
(sialadenitis, dry mouth, alterations in taste, or salivary duct 
stones) and premature menopause [69]. Transient testicular 
failure may develop if large ( > 300 mCi) doses of 131I are 
administered. Yet no differences in infertility, miscarriage, 
or premature births are seen in large long-term studies of 
women who become pregnant after receiving 131I [75]. In 
addition to its potentially morbid and long-term side effects, 
interest at limiting RAI dose is also related to risks of sec-
ondary malignancies. One estimation is that 100 mCi of 131I 
induces 53 solid malignant tumors and 3 leukemias in 10,000 
patients over a 10-year follow-up [75, 76]. A causative RAI 
effect has been difficult to determine and the increased risk 
for secondary cancers may also be due to an inherent epi-
demiologic or genetic predisposition to malignancy in DTC 
patients.

TSH Suppression

In vitro studies demonstrated that thyroid cells are dependent 
on TSH for differentiation and growth, and this has led to 
the routine use of levothyroxine to suppress TSH in DTC 
patients [77]. Retrospective studies have shown that patients 
treated with TSH suppression may have up to a 25 % reduc-
tion in disease recurrence and a 50 % improvement in sur-
vival [59]. In meta-analysis, TSH suppression appears to be 
likely favorable towards preventing disease progression and 
mortality [78]. Not surprisingly, the benefits of TSH sup-
pression on overall survival and disease-specific survival ap-
pear to be more significant for high-risk patients.

The degree to which TSH should be suppressed has been 
difficult to determine and needs to be balanced against its 
risks. Even to subclinical levels, TSH suppression is associ-
ated with a two- to threefold increased risk of developing 
atrial fibrillation, impaired cardiac reserve, and postmeno-
pausal osteoporosis [79]. Elderly patients in particular ap-
pear to be more susceptible to the associated complications 
[80]. Surgical treatment and RAI ablation are confounding 
factors as patients who undergo total or near-total thyroidec-
tomy followed by RAI ablation can be suppressed to a greater 
degree than those who do not. However, studies have dem-
onstrated that maintaining a higher degree of TSH suppres-
sion ( < 0.1 mU/L) in higher-risk patients may be associated 
with a lower risk of disease progression although subjecting 
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low-risk patients to this amount of TSH suppression has no 
advantages [81, 82]. Currently, recommendations support 
maintaining TSH suppression to < 0.1 mU/L for high-risk 
patients while a TSH of 0.1–0.5 mU/L is considered ade-
quate for low-risk patients [57]. Levothyroxine dosing for 
TSH suppression is to lean body weight at 2.2–2.5 μg/kg for 
adults.

Surveillance of DTC Patients

Surveillance includes the selective use of whole-body io-
dine scanning, serum thyroglobulin (Tg) levels with thyro-
globulin antibodies, and neck ultrasound. Risk-adjusted al-
gorithms for surveillance are discussed in another chapter. 
Among patients with negative post-therapy WBS, the rou-
tine use of WBS for surveillance is not a sensitive method 
to detect recurrent disease. Distant metastases do not always 
concentrate iodine well which may explain why only 4–10 % 
of patients with distant metastases have a positive surveil-
lance WBS. Once there is suspicion of recurrent or meta-
static disease, WBS is only useful to determine if 131I will be 
a useful treatment adjunct.

When TSH is normal, it has been estimated that a Tg of 
1 μg/L corresponds to 1 g of normal thyroid tissue [83]. Ap-
proximately 25 % of DTC patients have thyroglobulin anti-
bodies which can interfere with the interpretation of the Tg 
level and should always be obtained simultaneously. When 
thyroglobulin antibodies do not decrease to normal levels 
over close follow-up, this can also be a marker of persistent 
or recurrent disease. Tg levels should be obtained at the same 
laboratory as there is assay variability that can make com-
parisons between different laboratories difficult. Elevated Tg 
levels obtained with TSH stimulation and in the absence of 
thyroglobulin antibodies has been shown to be highly sensi-
tive in identifying recurrent or persistent DTC. A Tg > 2 μg/L 
can identify metastatic disease with a sensitivity of 89 % and 
a specificity of 96 %. Mildly elevated Tg levels (between 0.5 
and 2 μg/L) can be seen immediately after thyroidectomy 
and RAI; however, > 90 % of these patients have a spontane-
ous decline of Tg to undetectable levels within 3 years [84].

Cervical US is the surveillance imaging modality of 
choice, detects nonpalpable local thyroid bed or nodal recur-
rence with high sensitivity, and can also facilitate pathologic 
confirmation with FNAB. Metastatic disease can be diag-
nosed either by the presence of malignant cells seen on cyto-
pathology or by an elevated aspirate thyroglobulin level. The 
clinical significance of recurrent cervical disease diagnosed 
by US in patients with undetectable Tg levels is still unclear 
yet is an increasingly frequent clinical scenario with current 
use of high-resolution US imaging.

Recurrent Disease

Recurrent disease is often heralded by elevated Tg levels. 
At the time of remnant ablation, a Tg > 30 ng/mL has a 70 % 
positive predictive value for recurrent disease [85]. Persis-
tently elevated Tg levels following thyroidectomy and RAI 
ablation should prompt further evaluation with cervical US, 
and levothyroxine should be adjusted to maintain serum 
TSH < 0.1 mU/L.

Structural recurrences in the neck are treated with surgi-
cal resection, and a compartment-oriented lymph node dis-
section is often utilized due to the possibility of microscopic 
disease that is not visualized radiographically. In patients 
with recurrent disease in a previously operated field, ultra-
sound guidance can greatly facilitate focused resection with 
negligible morbidity and with an observed subsequent de-
crease in postoperative Tg level [86]. Up to 40 % of recurrent 
disease can be attributed to incomplete surgical resection 
emphasizing the importance of accurate preoperative imag-
ing prior to initial surgical treatment [87].

18F-FDG PET is only useful in patients with Tg eleva-
tions, but no evidence of disease on US or WBS. This is 
thought to be due to the inverse relationship between loss of 
iodine avidity and gain of glucose utilization that occurs with 
tumor dedifferentiation. PET has a sensitivity of 50–70 % 
with an increase in sensitivity as the Tg level increases, and 
no significant differences appear to occur when the study is 
obtained with or without TSH stimulation [88]. OTC, in par-
ticular, has high avidity for 18F-FDG and the avidity may 
also have prognostic significance; metastatic OTC lesions 
with a higher maximum SUV (> 10) have been associated 
with a poorer outcome compared to those with a lower maxi-
mum SUV (5-year mortality of 64 vs. 92 %) [89].

External beam radiation can be used for locoregional con-
trol and palliation of recurrent or persistent disease that is not 
surgically resectable. There may be benefit for patients who 
have microscopic noniodine-avid residual disease secondary 
to extrathyroidal extension or positive surgical margins, and 
is associated with locoregional control rates at 4 years of up 
to 70 %. Acute toxicity includes mucositis, dysphagia and/
or dermatitis requiring placement of a gastrostomy (30 %), 
fatigue, dry mouth, and/or hoarseness requiring placement 
of a tracheostomy (10 %), and the difficulties of reoperation 
in an irradiated field should it be required subsequently [90].

Distant Metastasis

Among patients with synchronous metastases, age is a strong 
prognostic indicator; pediatric patients with DTC who pres-
ent with metastatic disease have a reported 10-year survival 
of nearly 100 % while older patients have a 5-year survival of 
35–50 % [91, 92]. Pulmonary metastases are the most com-



93Well-Differentiated Thyroid Cancer: Papillary, Follicular, and Oncocytic (Hürthle) Cell Cancer

mon especially in PTC and OTC, while bone metastases are 
more common among FTC patients. Treatment should still 
include total thyroidectomy and resection of gross cervical 
disease for local control, prevention of airway and vascular 
complications, and optimization of 131I ablation. In a study 
of 169 patients with locoregional and distant metastases, Tg 
levels obtained with a suppressed TSH correlated to site of 
metastasis. Tg > 100 ng/mL correlate with lung and/or bone 
metastasis although lung metastases have been reported in 
patients with TSH-suppressed Tg levels as low as 2.5 ng/
mL. Tg > 300 ng/mL are associated with patients who have 
at least three metastatic sites [93]. Tg levels in patients with 
FTC tend to be higher than the levels in comparably sized 
PTC [94].

Metachronous metastatic lesions that are RAI-avid have a 
better prognosis. These are usually treated with a maximum 
cumulative dose of 600 mCi 131I with response and long-
term survival related to disease volume. Above this, the risk 
of leukemia significantly increases. If pulmonary lesions are 
present, RAI should be administered to limit whole-body re-
tention at 48 h to < 80 mCi in order to prevent pulmonary 
fibrosis. Surgical metastasectomy of bone lesions has been 
associated with improved long-term survival in selected pa-
tients.

RAI-resistant lesions have a poor prognosis with 10-year 
survival < 15 %. With improved understanding of the genetic 
alterations involved in thyroid carcinogenesis, a number of 
new options for advanced thyroid cancer patients are emerg-
ing and include tyrosine kinase and small-molecule inhibi-
tors, and targeted inhibition of upregulated pathways to in-
duce iodine reuptake. The DECISION trial is the only phase 
III study completed in patients with RAI-refractory pro-
gressive thyroid cancer and used sorafenib at 400 mg BID 
[95]. The trial included 77 centers in 18 countries, and 417 
patients were enrolled. Eligibility criteria included adult pa-
tients (age ≥ 18) who had locally advanced and/or metastatic 
RAI-refractory differentiated thyroid cancer, had evidence 
of progression within 14 months, and had not previously re-
ceived targeted or cytotoxic therapy. Sorafenib was associ-
ated with improved median progression-free survival (PFS) 
of 10.8 months versus placebo 5.8 months (hazard ratio (HR) 
0.59, 95 % confidence interval (CI) 0.45–0.76, p < .001), and 
these improvements were observed in all tumor histologies. 
Partial responses were observed in 12.2 % in the sorafenib 
group compared to 0.5 % in the placebo group. Hand/foot 
syndrome was the most common adverse event, and dose 
reductions were necessary in 66 % of patients. Secondary 
malignancies occurred in nine patients who were taking 
sorafenib (4 %) and included squamous cell carcinomas of 
the skin, leukemia, and bladder cancer; however, secondary 
malignancies were also observed in four patients who took 
placebo [95].

Vemurafenib is a small-molecular and specific inhibitor 
of BRAF V600E. For patients with BRAF V600E-positive 
metastatic melanoma, a phase I trial demonstrated promis-
ing clinical efficacy with a 56 % response rate [96]. A phase 
I trial of vemurafenib was completed in three patients with 
metastatic PTC and one had a confirmed partial response 
while the other two patients had stable disease [97]. A unique 
side effect of vemurafenib is the development of cutaneous 
squamous cell carcinomas and keratoacanthomas that can 
occur in up to 30 % of patients who receive selective or non-
selective BRAF inhibitors [98]. Additional trials are ongo-
ing to further investigate the role of vemurafenib in BRAF 
V600E-positive and RAI-refractory thyroid cancer.

Constitutive activation of the MAPK pathway by BRAF 
V600E resulted in loss of expression of iodide-metabolizing 
genes in a number of in vitro studies [99–101]. Suppression 
of the pathway then led to restoration of gene expression 
[100]. In a mouse model of inducible BRAF V600E expres-
sion in thyroid follicular cells, treatment with either MEK or 
BRAF small-molecular inhibitors led to dramatic increases 
in RAI uptake [102]. These preclinical findings led rapidly 
to a trial evaluating the efficacy of selumetinib, a selective 
MEK1 and 2 inhibitor, to induce iodine reuptake in other-
wise RAI-refractory metastatic DTC patients [103]. After 
selumetinib treatment and demonstration of iodine uptake, 
40 % (8/20) of study patients were able to receive a thera-
peutic dose of RAI. Decreases in serum thyroglobulin levels 
were observed in all treated patients and persisted for up to 6 
months. Overall, five patients had partial response and three 
patients had stable disease. Toxicity related to selumetinib 
was grade 1 or 2 except in one patient who had a large cumu-
lative prestudy dose of RAI and developed acute leukemia 
following study treatment [103].

Key Summary Points

• The incidence of thyroid cancer is increasing worldwide, 
and may not be due to early detection as the trend is 
observed in both genders, all ages, all tumor sizes, and 
across racial and ethnic groups.

• A first-degree relative with DTC is a risk factor for devel-
oping thyroid cancer, but the predisposition is likely mul-
tifactorial and also includes environmental exposures 
such as radiation exposure, iodine intake, and/or body 
mass index.

• DTC is most commonly caused by activating mutations 
in the MAPK and PI3K-AKT pathways. Identification of 
these genetic alterations has led to improvements in pre-
operative diagnosis and study of new adjuvant treatment 
approaches for patients with advanced thyroid cancer.

• DTC patients are typically asymptomatic at presentation, 
and are diagnosed during workup of a thyroid nodule 



94 L. Yip

identified either on physical examination or incidentally 
on imaging. Ultrasound characterization and FNAB rarely 
miss malignancy, although surgical diagnosis is still often 
necessary.

• The cytologic features of PTC permit diagnosis by FNAB, 
but the diagnoses of follicular and oncocytic thyroid can-
cers require histologic examination of the entire nodule 
and its capsule in relation to the adjacent thyroid lobe tis-
sue. The decision for initial extent and conduct of thyroid-
ectomy depends on the degree of preoperative concern 
for DTC, size of the presumptive malignancy, and other 
clinical features.

• RAI administration and degree of TSH suppression are 
dependent on disease stage that is determined after sur-
gery. High-risk patients receive the most benefit from cur-
rent postoperative treatment modalities.

• Recurrent structural cervical disease is often treated sur-
gically. When no longer radioactive-iodine-avid, options 
for advanced thyroid cancer patients include tyrosine 
kinase and small-molecule inhibitors, and targeted inhibi-
tion of upregulated pathways to induce iodine reuptake.
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Introduction

The cells Karl Hürthle initially described in dogs were actu-
ally C cells, i.e., he has long been wrongly credited with the 
discovery of oncocytic or “Hürthle cells” in the thyroid. In 
fact, in Germany, these cells are referred to as “Askanazy 
cells” in protest of the misattributed name, because it was 
actually endocrine pathologist Max Askanazy who first de-
scribed the oncocytic cells of the thyroid gland [1, 2]. It was 
James Ewing who assigned the misnomer in 1919, in his 
monumental first edition of “Neoplastic Diseases,” in which 
he referred to large cells with abundant pink granular cyto-
plasm as “Hürthle cells,” thus propelling Karl Hürthle into 
endocrine medical history [3].

Early Life and Career

Karl Hürthle was born in Ludwigsburg, Germany on March 
16, 1860. He studied Medicine at the University of Tübin-
gen in Tübingen, Germany, one of Europe’s oldest universi-
ties founded in 1477. Hürthle received his MD in 1884 and 
was an assistant to Karl von Vierordt and Paul Grützner; the 
former is known for developing techniques for monitoring 
blood circulation and pulse oximetry and is considered inte-
gral in the development of the modern sphygmomanometer, 
while the latter is known for his work in circulatory physiol-
ogy and the physiochemical behavior of pepsin in the diges-
tive system [4, 5].

In 1887, Hürthle moved on to Breslau to become an as-
sistant to Rudolf Heidenhain, who is known for his contribu-
tions to the understanding of muscle and nerve physiology. 
Hürthle then devoted the rest of his long career to his work 
at the Physiological Institute in Breslau, eventually replacing 
Heidenhain as professor and director of the Institute in 1898. 
In 1889, Heidenhain sent Hürthle to represent the city of 
Breslau at the first International Congress of Physiologists, 
and it was this scientific meeting that influenced Hürthle to 
continue in research in physiology [6]. The idea of an In-
ternational Congress of Physiology had been introduced in 
1867 at the first Congress of Medicine, and from September 
10 to 12, 1889, Hürthle joined 128 other inaugural mem-
bers in Basel, Switzerland, and was subsequently appointed 
to the Commission International pour unification des appa-
reils enregistreurs, later known as the Institut Marey. The 
commission was suggested to the Congress by Étiene-Jules 
Marey, and it subsequently guided standardization of ap-
proved physiological instruments. In 1938, Hürthle wrote a 
congratulatory message for the 50th anniversary of the Inter-
national Congress of Physiologists as one of few surviving 
members at that time [7]. Hürthle retired in 1927 and died in 
Tübingen in 1945 [6].

Hürthle’s primary research interest in hemodynamics led 
to the study of blood viscosity in different living animals, 
for example, by measuring carotid flow through a calibrated 

Karl Hürthle (1914), deutscher Physiologe und Kreislaufforscher. 
Privatbesitz, Dr. Elisabeth Hürthle
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tube [8]. He was also credited with early recordings of blood 
pressure in the circle of Willis and performed extensive re-
search in the areas of blood pressure and vasodilation [9].

The Origin of “Hürthle” Cells

The saga of the so-called thyroid Hürthle cell began in 1876 
when Baber described what we now know to be the calci-
tonin-containing C cells in dogs. Evidently unaware of Ba-
ber’s report, in 1894, also Hürthle published his findings of 
these same cells in canine thyroid glands [10, 11]. This was 
Hürthle’s sole publication related to thyroid disease. Though 
it did not actually describe oncocytic cells, his paper, writ-
ten in German and entitled “Studies on the secretory ac-
tivity of the thyroid gland” did expand upon some impor-
tant questions regarding the secretory activity of follicular 
cells, the mechanism of thyroid hormone secretion, and the 
formation of thyroid follicles as summarized and translated 
by Caturegli [6].

In 1898, it was Max Askanazy who was actually the first 
to describe enlarged epithelial cells with abundant granular 
and eosinophilic cytoplasm resulting from accumulation of 
altered mitochondria in a patient with Graves’ disease [6, 
12]—which today are inaccurately called Hürthle cells. The 
C cells that Hürthle had described have also been referred 
to as parafollicular cells, argyrophils, and light cells. C cells 
are smaller than oxyphil cells and are characterized by their 
interfollicular position, abundant dense granules, pale cy-
toplasm, numerous, large mitochondria, and absent Golgi 
apparatus [13]. Unfortunately, the differing identities were 
overlooked by James Ewing in his text Neoplastic Diseases 
when he referred to oxphylic cells as “Hürthle cells” [3]. The 
misapplied Hürthle eponym is used today worldwide except 
in Germany where these cells are referred to as Askanazy 
cells in protest.

Askanazy Cells?

Max Askanazy was Hürthle’s contemporary (Fig. 1). He 
was born in Stallupönen, Ostpreussen, which is now Nest-
erov Russia on February 24, 1865. He trained in Germany 
at the University of Königsberg and subsequently moved on 
in 1905 to become a professor of general pathology at the 
University of Geneva. Askanazy’s important work in endo-
crine pathology extends beyond identifying the controversial 
Hürthle cell in 1898. In 1904, he also became the first to as-
sociate osteitis fibrosa cystica and parathyroid tumors. Nine-
teen years later, he provided the first description of a gastric 
carcinoid tumor. He died in 1940 soon after retiring from the 
University of Geneva [14, 15].

Is Askanazy Alone?

Askanazy does not stand alone as an unintended victim of 
medical misnomer. Several famous surgeons have been 
overlooked for their contributions. For example, when the 
Chicago Medical Society program overran in June of 1894, 
Lewis L. McArthur was unable to describe his use of a later-
al, muscle-splitting abdominal incision. Charles McBurney 
published a similar technique the following month in Annals 
of Surgery. Though McBurney publicly acknowledged his 
predecessor, the incision is still taught today as the “McBur-
ney incision.” Niels Stenson, a Danish anatomist also known 
for his description of the parotid duct in 1661, was the first 
to describe the cardiac anomaly now termed Fallot’s tetral-
ogy, but it was Etienne Fallot who did so again two centu-
ries later and earned the famed eponym. Finally, the Charles 
procedure, named for Sir Richard Henry Havelock Charles, 
was a procedure for treatment of elephantiasis of the lower 
limb, but was actually never performed by Dr. Charles; it 
was wrongly attributed to him in an article by plastic sur-
geon, Sir Archibald McIndoe in 1950 [16].

Hürthle Cell Lesions

The storied controversial origin of the Hürthle cell fits en-
tirely well with the controversies that still surround the 
clinical significance of these cells in fine-needle aspirates as 
well as the diagnosis and clinical behavior of Hürthle cell 
(oncocytic) neoplasms. Hürthle cell change is a nonspecific 
finding in the thyroid often seen in benign conditions, but 
its presence on fine-needle aspiration biopsy (FNAB) can 
lead to misinterpretation as a Hürthle cell neoplasm [1]. The 
determination of malignancy among Hürthle cell lesions 
is based on the presence or absence of vascular or tumor 

Fig. 1  Max Askanazy (1865–1940). (From the managed family archive 
of the Franz-Neumann Foundation)
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capsular invasion [17]. Welsh described similar cells in the 
parathyroid glands and referred to them as “oxyphilic cells.” 
Many choose to use the latter term to avoid the more contro-
versial Hürthle eponym (Fig. 2).
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 Introduction

The successful treatment of thyroid malignancy necessi-
tates the collaborative efforts of a multidisciplinary team of 
endocrinologists, surgeons, radiologists, pathologists, on-
cologists, and primary care physicians. The overall goal of 
treatment for well-differentiated thyroid cancer (DTC) is to 
optimize the initial management of patients in order to mini-
mize the likelihood of developing recurrent disease and/or 
locoregional or distant metastases. This is best accomplished 
through timely diagnosis, appropriate preoperative staging, 
control of locoregional disease through surgery and adjunct 
therapies (if needed), and long-term surveillance for disease 
recurrence. In the USA, despite an overall increase in thy-
roid cancer incidence (5.5 per 100,000 in 1975 vs. 14.7 per 
100,000 in 2011), there has been an encouraging trend in 
5-year relative survival (92.3 % in 1975 vs. 98.2 % in 2006; 
Fig. 1) [1]. This difference is likely multifactorial, including 
improvements in imaging modalities, surgical techniques, 
and adjunct measures. However, arguably more important 
is the development and widespread adherence to clini-
cal practice guidelines that have served to help to provide 
benchmarks for the standard of care for patients with thyroid 
cancer.

Clinical practice guidelines are an invaluable tool in the 
successful treatment of not only thyroid malignancy but also 
virtually every other health disorder. The goals of practice 
guidelines are to improve patient care by providing consen-

sus on stage-specific therapies, reduce the use of unneces-
sary or harmful interventions, and to maximize the chance 
of treatment benefit at an acceptable cost to both the patient 
and society, as a whole. For guidelines to be successful and 
widely accepted, they must be based on the best current clin-
ical evidence, be methodologically rigorous, be reproduc-
ible, have transparency, and be externally validated. As the 
literature regarding thyroid cancer treatment has increased 
exponentially in recent years, for clinical practice guidelines 
to stay relevant, they should be continuously reassessed and 
ideally amended every 3–4 years [2].

There are currently no published randomized controlled 
trials to help guide the surgical management of thyroid can-
cer, and efforts to answer controversial questions are dif-
ficult, given the sample size required for such a study to 
achieve adequate power [3]. Thus, current clinical practice 
is largely guided by analysis of relevant large retrospec-
tive studies and consensus expert opinion. Several notable 
organizations such as the American Association of Clinical 
Endocrinologists (AACE), American Association of En-
docrine Surgeons (AAES), American Thyroid Association 
(ATA), European Thyroid Association (ETA), British Thy-
roid Association (BTA), and International Association of 
Endocrine Surgeons (IAES) have developed clinical practice 
guidelines that standardize treatment within their respective 
regions. Because some of the available literature falls short 
of level 1 evidence, none of these recommendations can be 
considered dogmatic, and no reasonable alternatives can be 
totally excluded. As such, the adherence to particular rec-
ommendations ends up being dependent on the individual 
practitioner’s preference, available surgical expertise, and 
regional practice habits. In the most recent iteration of the 
ATA guidelines on the management of patients with DTC, 
the strength of each recommendation is classified based on 
the United States Preventive Services Task Force modified 
schema (Table 1) [4]. In this chapter, our goal is to examine 
some of the more controversial updates in the treatment of 
DTC as described by the most recent ATA guidelines, last 
published in 2009.

Editors’ Note: This chapter and the chapter “Well-differentiated Thy-
roid Cancer” by Dr. Yip are excellent companion pieces. We suggest 
reading them together to appreciate the many nuances of therapy for 
thyroid nodules and thyroid cancer.
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Well-Differentiated Thyroid Cancer (DTC)

According to the National Cancer Institute’s Surveillance, 
Epidemiology, and End Results (SEER) program, as of 2011, 
there was an estimated 566,700 people in the USA living 
with thyroid cancer. The incidence has continued to increase 
each year; approximately 63,000 new thyroid cancers will 
be diagnosed in 2014 in the USA, a greater than threefold 
increase since 1973 [1, 5]. Of these, up to 90 % are DTC, 
such as papillary thyroid cancer (PTC) or follicular thyroid 
cancer (FTC) [5]. In 1996, the ATA published its first ver-
sion of clinical guidelines on the diagnosis and treatment of 
DTC [6]. These were subsequently revised in 2006, which 
particularly sought to outline more authoritative recommen-
dations on the controversial topics of diagnostic evaluation 
of thyroid nodules, the extent of surgery for small thyroid 
cancers, the use of radioactive iodine (RAI) ablation follow-
ing thyroidectomy, the use of thyroxine suppression therapy, 
and the role of recombinant human thyrotropin (rhTSH) [7]. 
The 2009 revision offered clarification of prior recommen-
dations, as well as consideration of new information derived 
from studies published since 2004 [8]. A representative 

group of endocrine surgeons from Europe and head and neck 
specialists were also included in this iteration of the ATA task 
force panel in an effort to be more comprehensive in the re-
view of guidelines, especially those related to prophylactic 
central-compartment neck dissection. An additional revision 
of the ATA guidelines is in process, as of the publication of 
this text, which will again clarify current recommendations 
and focus on less aggressive approaches to small, unifocal, 
low-risk tumors to help prevent morbidity associated with 
potential overtreatment.

Thyroid Nodules and the Diagnosis of DTC

It has been estimated that up to 87 % of thyroid cancers in 
the USA are ≤ 2 cm in greatest diameter [5, 9]. Once a non-
palpable lesion has been incidentally found on imaging or a 
palpable nodule has first been detected on physical examina-
tion, the evaluation for potential malignancy is of the utmost 
importance for expedient diagnosis, staging, and prevention 
of disease progression. The goal of this initial evaluation 
should be to reduce the use of unnecessary or harmful in-
terventions and to maximize the chance of treatment benefit 
at an acceptable cost. A comprehensive history and physical 
examination should be performed, including evaluation of 
risk factors such as head or neck irradiation, endemic goi-
ter, personal or family history of thyroid adenoma or cancer, 
Cowden disease, Gardner syndrome, or familial adenoma-
tous polyposis. Physical examination should include palpa-
tion of the thyroid and cervical neck lymph nodes, includ-
ing the lateral neck and supraclavicular region. The first 
recommendation of the 2009 ATA guidelines highlights the 
next step in the initial evaluation of any thyroid nodule or if 
thyroidal uptake is seen on fludeoxyglucose (F18)-positron 
emission tomography (18FDG-PET) scan [7, 8].

Recommendation 1 Measure serum thyroid-stimulating hor-
mone (TSH) in the initial evaluation of a patient with a thy-
roid nodule. If the serum TSH is subnormal, a radionuclide 

Table 1  Modified from the US Preventative Task force modified 
schema for grading strength of recommendations [4]
Rating Definition
A Strongly recommends—good evidence suggests that inter-

vention can improve health outcomes
B Recommends—fair evidence suggests that intervention 

can improve health outcomes
C Recommends—expert opinion suggests that intervention 

can improve health outcomes
D Recommends against—expert opinion suggests that inter-

vention does not improve health outcomes
E Recommends against—fair evidence suggests that inter-

vention does not improve health outcomes
F Strongly recommends against—good evidence suggests 

that intervention does not improve health outcomes
I Recommends neither for nor against—evidence is insuf-

ficient, conflicting, or of poor quality

Fig. 1  Incidence, mortality, and 
5-year survival for throid cancer 
in the USA (1975–2011) [1]

 



105Update of the Treatment Guidelines for Well-Differentiated Thyroid Cancer

thyroid scan should be performed using either technetium 
99mTc pertechnetate or 123I. Recommendation rating: A [8].

As serum TSH levels reach the upper limits of normal or 
higher, there is a direct correlation with increased risk of ma-
lignancy [10]. This would suggest that malignancy is rarely 
seen in a hyperthyroid setting, therefore obviating the im-
mediate necessity for further cytologic evaluation in patients 
with suppressed TSH levels; in this setting, a radionuclide 
thyroid scan should be performed [11]. Conversely, an occult 
malignancy cannot be ruled out in the setting of a euthyroid 
or hypothyroid state and further cytologic evaluation is indi-
cated [11]. Amended from a “C” rating in the 2006 version, 
this guideline now carries a recommendation rating of “A,” 
noting that it is strongly recommended based on good evi-
dence [7, 8].

Diagnostic ultrasound (US) of the thyroid and cervical 
lymph nodes (central and lateral compartments) should be 
performed for any palpable nodule, thyroid enlargement, or 
lesion incidentally found on other imaging modalities [7, 8, 
12, 13]. This will help to determine how large the nodule is, 
the location within the gland, the composition of the nodule 
(solid or cystic), whether there are any additional nodules 
or associated lymphadenopathy, and whether any nodule or 
lymph node has benign or malignant features. DTC will in-
volve cervical lymph nodes in up to 50 % of patients, with 
micrometastases reported to be as high as 90 % in some se-
ries [14]. Characteristics of thyroid nodules that are worri-
some for malignancy include hypoechogenicity, hypervas-
cularity, the presence of microcalcifications, and/or irregular 
borders of the nodule; features of abnormal metastatic lymph 
nodes include loss of fatty hilum, rounded (not oval) shape, 
hypoechogenicity, cystic change, calcifications, and periph-
eral vascularity [11, 14]. Previous studies have examined the 
importance of preoperative US in patients with a suspicion 
for malignancy on fine-needle aspiration (FNA), as physical 
examination alone has a poor sensitivity for identification of 
central-compartment lymph node metastases and identifica-
tion of clinically occult lymph node metastases can change 
the operative management in up to 25 % of patients [15–17]. 
Identification of these lymph nodes allows for a more com-
plete initial operation, possibly decreasing rates of cervical 
recurrence in patients with PTC [18].

Recommendation 2 Thyroid sonography should be per-
formed in all patients with known or suspected thyroid nod-
ules. Recommendation rating: A [8].

Recommendation 21 Preoperative neck US for the contra-
lateral lobe and cervical (central and especially lateral neck 
compartments) lymph nodes is recommended for all patients 
undergoing thyroidectomy for malignant cytologic findings 
on biopsy. US-guided FNA of sonographically suspicious 
lymph nodes should be performed to confirm malignancy 

if this would change management. Recommendation rating: 
B [8].

Multiple small retrospective studies have demonstrated 
the incidence of malignancy in incidentally found thyroid le-
sions to range between 8.6 and 29 %, a higher rate than has 
been reported in palpable nodules [5, 19, 20]. This under-
scores the importance of evaluation of the thyroid with cervi-
cal US in patients with thyroid nodules found incidentally. In 
the 2009 ATA guidelines, Recommendation 2 carries a rating 
of “A,” previously a “B,” noting that it is strongly recom-
mended based on good evidence [7, 8]. For staging purposes 
and operative planning, if there is US evidence of invasive 
primary tumor or nodal metastasis, cross-sectional imaging 
(computed tomography, CT; or magnetic resonance imaging, 
MRI) should be obtained [8].

FNA is currently the most accurate and cost-effective 
method for evaluating a suspicious thyroid nodule or lymph 
node, although its usefulness is dependent on obtaining ad-
equate material for diagnosis. Sub-centimeter thyroid nod-
ules do not routinely require FNA; however, they should be 
considered in the setting of radiation exposure, personal or 
family history of thyroid cancer, elevated TSH, Hashimoto’s 
thyroiditis, or US findings of increased central hypervascu-
larity, hypoechoic mass, microcalcifications, or infiltrative 
margins [8, 11, 12, 14]. US-guided FNA, when compared to 
palpation guidance, significantly reduces the rate of nondi-
agnostic and false-negative cytology specimens that would 
then require repeat FNA [20]. The sensitivity of FNA for 
detecting malignancy has been demonstrated to be approxi-
mately 70–80 %; repeat FNA increases the sensitivity of di-
agnosis on nodules with initially nondiagnostic or indetermi-
nate cytology [21].

Recommendation 5 
A. FNA is the procedure of choice in the evaluation of thy-

roid nodules. Recommendation rating: A
B. US guidance for FNA is recommended for those nodules 

that are nonpalpable, predominantly cystic, or located 
posteriorly in the thyroid lobe. Recommendation rating: 
B [8].

FNA biopsy results were traditionally divided into four cate-
gories: nondiagnostic, benign, indeterminate, and malignant 
(risk of malignancy on final pathology > 95 %) [8]. The Na-
tional Cancer Institute Thyroid Fine-Needle Aspiration State 
of the Science Conference proposed an expanded classifica-
tion that added two additional categories: follicular lesion 
of undetermined significance (AFUS; risk of malignancy, 
5–10 %), and suspicious for malignancy (risk of malignancy, 
50–75 %) [8]. The Bethesda System for Reporting Thyroid 
Cytopathology goes on to redefine the “indeterminate” cat-
egory as “follicular neoplasm or suspicious for follicular 
neoplasm” [22]. The ATA recommends that histopathologic 
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variants associated with more unfavorable (tall cell, colum-
nar cell, hobnail, variants of PTC; widely invasive FTC, 
poorly differentiated carcinoma) or more favorable (encap-
sulated follicular variant without invasion, minimally inva-
sive FTC) outcomes should be identified during evaluation 
and reporting of FNA results [8, 11].

Use of Molecular Markers in Thyroid Nodules 
with Indeterminate Cytology

Molecular testing of FNA specimens for possible genetic 
mutations has emerged as a valuable diagnostic tool in select 
patients with indeterminate thyroid nodules. Mutations in 
BRAF, RET/PTC, or RAS have been identified in over 70 % 
of papillary cancers and a mutation in PAX8/PPAR gamma 
in more than 80 % of follicular cancers [23]. Previous studies 
have shown that because the presence of BRAF mutations 
may be associated with higher rates of cervical recurrence 
and reoperation, preoperative cytologic identification of 
BRAF mutations may help to guide the extent of thyroid-
ectomy and lymph node dissection [24]. Molecular markers 
are available for commercial use, and 2009 ATA guidelines 
state, with level C evidence, that “use may be considered for 
patients with indeterminate cytology on FNA to help guide 
management” [8].

More recently, use of gene-expression classifiers has been 
described to aid in the diagnosis of a benign thyroid nod-
ule in those nodules with initial indeterminate cytology. In 
a prospective, double-blind, multicenter study, Alexander 
et al. utilized a gene-expression classifier that measures the 
expression of 167 genes in a cohort of 265 cytologically in-
determinate nodules with corresponding histological speci-
mens. The gene-expression classifier correctly identified 
78/85 malignant nodules as “suspicious” (92 % sensitivity, 
95 % confidence interval 84–97; 52 % specificity, 95 % con-
fidence interval 44–59). The negative predictive value for 
FNA classified as atypical was 95 %, suggesting that the 
gene-expression classifier may have potential value as a test 
to “rule out” the presence of malignancy [25]. These initial 
data have subsequently been verified in a separate study of 
339 patients undergoing gene-expression classifier testing; 
in this cohort, 53 of 121 (44 %) of cytologically indetermi-
nate/gene-expression classifier “suspicious” nodules were 
malignant, while only 1 of 71 nodules that were gene-ex-
pression classifier “benign” have subsequently been found 
to be malignant [26]. A separate study has questioned the 
malignancy rate utilizing the gene-expression classifier, 
however, finding a confirmed malignancy rate of only 16 % 
in gene-expression classifier “suspicious” lesions [27]. Use 
of the gene-expression classifier has not yet been discussed 
in ATA guidelines.

Initial Management of Well-Differentiated 
Thyroid Cancer

Extent of Surgery for Indeterminate Thyroid 
Nodules

FNA is diagnostic for PTC, but does not preserve the ar-
chitecture of the thyroid nodule well enough for accurate 
diagnosis of FTC, making it better used as a screening test 
for follicular neoplasms. Some studies report that large in-
determinate tumors (> 4 cm) have a significantly higher risk 
of malignancy than smaller tumors (40 vs. 13 % for nodules 
less than 4 cm), necessitating total thyroidectomy without 
diagnostic lobectomy [28]. Additional reported factors that 
carry an increased risk of malignancy include: male gender 
(43 vs. 16 % for females), patients over age 45 (6 vs. 3 % for 
age below 45), and when the nodule is judged to be solitary 
by palpation (25 vs. 6 % for multinodular goiter) [13, 20, 28]. 
There are other studies, however, that have not demonstrat-
ed any of these factors to carry a significant additional risk 
for malignancy, supporting diagnostic lobectomy with any 
indeterminate FNA finding [11, 29]. The National Compre-
hensive Cancer Network (NCCN) guidelines suggest that in 
the setting of an indeterminate FNA cytology, serum TSH 
and radionuclide thyroid scan should be done to identify an 
autonomously functioning nodule that often may be spared 
from necessitating surgery [11].

After surgical excision, final histology for the majority 
of indeterminate FNA lesions will turn out to be benign le-
sions (follicular adenomas, Hürthle cell adenomas, adeno-
matoid nodules, or hyperplastic proliferations of follicular 
cells). However, there is still an overall risk of malignancy 
of 15–30 % within this indeterminate category, and given 
the lack of clarity in true predictive factors of malignancy in 
cytologically indeterminate thyroid nodules, surgery is cur-
rently recommended for definitive diagnosis [28].

Recommendation 24 For patients with an isolated indeter-
minate solitary nodule who prefer a more limited surgical 
procedure, thyroid lobectomy is the recommended initial 
surgical approach. Recommendation rating: C [8].

Recommendation 25 
A. Because of an increased risk for malignancy, total thy-

roidectomy is indicated in patients with indeterminate 
nodules who have large tumors ( > 4 cm), when marked 
atypia is seen on biopsy, when the biopsy reading is 
‘‘suspicious for papillary carcinoma,’’ in patients with a 
family history of thyroid carcinoma, and in patients with 
a history of radiation exposure. Recommendation rating: 
A [8].
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Extent of Surgery for DTC

There has been considerable debate regarding the optimal 
management and extent of surgical resection for DTC with 
no evidence of extrathyroidal extension or regional or dis-
tant metastases. Earlier recommendations suggested a total 
or near-total thyroidectomy for cancers > 1 cm, even though 
any difference in survival favoring total thyroidectomy over 
lobectomy had only been demonstrated in tumors > 3 cm [7, 
11]. These recommendations were based largely on the pos-
sibility of multifocal disease, recurrence, and other practi-
calities of treatment and follow up. In 2007, Bilimoria et al. 
utilized the National Cancer Data Base (NCDB) to examine 
outcomes based on the extent of surgery for PTC; the au-
thors found that the extent of surgery did not impact recur-
rence or survival in PTC < 1 cm. In contrast, patients with 
a PTC ≥ 1 cm who underwent thyroid lobectomy alone had 
significantly higher risks of both recurrence and death [30]. 
As a result, the current guidelines state that the initial sur-
gical procedure for patients with PTC should be total/near-
total thyroidectomy, although thyroid lobectomy alone may 
be sufficient treatment for low and moderate risk PTC [11].

PTC measuring < 1 cm, or papillary thyroid microcar-
cinomas (PTMC), may be incidentally discovered in up to 
10 % of all thyroidectomy specimens for benign disease and 
account for approximately 30 % of all PTC [5, 8, 31]. They 
carry a decreased cancer-specific mortality rate of 0.4 %, 
versus up to 7 % seen with tumors > 1.5 cm [32]. An occult 
finding in 5–35 % of all autopsies assessed, microcarcino-
mas rarely progress to clinical disease and likely follow an 
indolent course [5, 19, 20, 32]. Therefore, the necessity to 
aggressively treat this finding with total thyroidectomy has 
come into question and studies have suggested that micro-
carcinomas may be overtreated. Ito et al. have demonstrated 
in a cohort of 1235 patients with PTMC that only younger 
age (< 40 years) was an independent predictor of PTMC pro-
gression and that older patients may be optimal candidates 
for observation without any surgical intervention [33]. A re-
cent study examining patients with PTMC in the SEER data-
base showed that, in 29,512 patients, there was no difference 
in 5- and 10-year disease-specific survival between patients 
with PTMC who underwent partial versus total thyroidec-
tomy, suggesting that patients may be overtreated with no 
benefit to overall survival [34].

However, microcarcinomas are found to be multifocal 
20 % of the time, portending a worse prognosis in this group 
with higher locoregional recurrence of 20 % and early lymph 
node metastasis in up to 90 % of cases [5, 8, 11]. Additional 
factors that may signify more aggressive behavior of micro-
carcinomas include: extrathyroidal invasion, solid pattern, 
absence of capsule, and mutation of oncogenes such as p53 
or BRAF [20, 23]. For this subset of patients, total thyroid-
ectomy may be warranted.

Recommendation 26 For patients with thyroid cancer 
> 1 cm, the initial surgical procedure should be a near-total or 
total thyroidectomy unless there are contraindications to this 
surgery. Thyroid lobectomy alone may be sufficient treat-
ment for small (< 1 cm), low-risk, unifocal, intrathyroidal 
papillary carcinomas in the absence of prior head and neck 
irradiation or radiologically or clinically involved cervical 
nodal metastases. Recommendation rating: A [8].

Role of Central- and Lateral-Compartment Neck 
Dissections

Regional lymph node metastases are present in 20–90 % of 
patients with DTC [11, 12, 14]. Recent studies have sug-
gested that the risk of locoregional recurrence is higher in 
patients with lymph node metastases, especially in patients 
with multiple metastases, extracapsular nodal extension, and 
patients > 45 years [8, 13]. As a result, the role of central- 
and lateral-compartment neck dissections is critical in the 
management of patients with DTC. Borders of the central 
compartment (level VI) are the hyoid bone superiorly, ca-
rotid arteries laterally, and the innominate artery inferiorly. 
The lateral compartment (levels II–V) includes the subman-
dibular and submental nodes (level I); upper, middle, and 
lower jugular nodes (levels II, III, and IV, respectively); and 
posterior triangle nodes (level V) (Fig. 2) [35, 36].

Therapeutic central-compartment and lateral-compart-
ment neck dissections for clinically evident lymph node 
metastasis is well supported in the literature [35, 37, 38]. 
Therapeutic central-compartment neck dissection should 
also be performed for any clinical evidence of metastatic 
disease within the central (level VI) compartment, by either 
preoperative imaging, physical examination, or intraopera-
tive identification of metastatic disease and for patients with 
known lateral-compartment metastases [8]. A therapeutic 
lateral-compartment neck dissection is indicated when there 
is lateral-compartment (levels II–V) nodal disease on clini-
cal examination or US evaluation, or when there is a high-

Fig. 2  Lymph node levels with corresponding anatomic landmarks of 
the neck
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risk tumor with significant central neck metastasis [36]. 
Prophylactic lateral-compartment neck dissections, as well 
as “berry picking,” are not currently recommended, as it has 
not been shown to improve survival [11, 14, 36].

There is, however, uncertainty with regard to the benefit 
of routine prophylactic central-compartment neck dissec-
tion in patients with DTC. A prophylactic/elective central-
compartment neck dissection implies that nodal metastasis is 
not detectable clinically or by preoperative imaging (clinical 
N0). Therefore, central-compartment neck dissection may be 
indicated in the setting of DTC at high risk for nodal metas-
tasis, even without clinically evident nodal disease [36, 38].

Recommendation 27 
A. Therapeutic central-compartment (level VI) neck dissec-

tion for patients with clinically involved central or lateral 
neck lymph nodes should accompany total thyroidectomy 
to provide clearance of disease from the central neck. 
Recommendation rating: B.

B. Prophylactic central-compartment neck dissection (ip-
silateral or bilateral) may be performed in patients with 
papillary thyroid carcinoma with clinically uninvolved 
central neck lymph nodes, especially for advanced pri-
mary tumors (T3 or T4). Recommendation rating: C [8].

Recommendation 28 Therapeutic lateral neck compartmen-
tal lymph node dissection should be performed for patients 
with biopsy-proven metastatic lateral neck cervical lymph-
adenopathy. Recommendation rating: B [8].

Role of Completion Thyroidectomy After Initial 
Thyroid Lobectomy

Completion thyroidectomy after initial thyroid lobectomy is 
indicated when total or near-total thyroidectomy would have 
been indicated had the diagnosis of a thyroid malignancy 
been available before surgery, when remnant ablation is an-
ticipated, or if long-term follow up with thyroglobulin (Tg) 
or radionuclide imaging is planned. Some studies recom-
mend routine completion thyroidectomy for tumors > 1 cm, 
as up to 50 % of these patients will have contralateral thyroid 
disease [39]. While completion thyroidectomy is not cur-
rently recommended for incidental PTC < 1 cm in greatest 
dimension, the role of completion thyroidectomy in the set-
ting of PTMC with incidentally identified micrometastasis 
to the central-compartment lymph nodes discovered on final 
pathology is unclear. Factors such as potential complications 
of reoperative surgery, including hypoparathyroidism and/or 
recurrent laryngeal nerve injury, need for adjuvant therapy 
with RAI, and follow-up methods, such as serum thyroglob-
ulin and cervical US, must be considered carefully in these 
patients. It is reported that up to 30 % of patients experience 

permanent postoperative complications, such as hypopara-
thyroidism and recurrent laryngeal nerve injuries following 
completion thyroidectomy [39, 40].

Recommendation 29 Completion thyroidectomy should be 
offered to those patients for whom a near-total or total thy-
roidectomy would have been recommended had the diagno-
sis been available before the initial surgery. This includes all 
patients with thyroid cancer except those with small (< 1 cm), 
unifocal, intrathyroidal, node-negative, low-risk tumors. 
Therapeutic central neck lymph node dissection should be 
included if the lymph nodes are clinically involved. Recom-
mendation rating: B [8].

Of note, single-stage total thyroidectomy has been shown 
to provide a better completeness of resection based on re-
duced postoperative thyroid remnant RAI uptake when com-
pared to after completion thyroidectomy [40]. If a staged op-
eration for cancer is necessary, surgeon experience may af-
fect the completeness of resection. This should be considered 
when deciding on extent of surgery at the initial operation.

Postoperative Use of RAI in Patients with DTC

The role of postoperative RAI in patients with DTC includes 
ablation of normal postsurgical thyroid remnant for easier 
surveillance and as adjuvant therapy to eliminate suspected 
micrometastasis. It is generally accepted that patients with 
DTC at higher risks of recurrent disease (e.g., older age, size 
> 4 cm, extrathyroidal extension, and regional or distant me-
tastases) should receive RAI postoperatively; in contrast, in 
patients with low-risk DTC (e.g., younger age and patients 
with smaller tumors), RAI has not been demonstrated to sig-
nificantly improve outcomes [8, 11, 12]. Potential side ef-
fects of RAI also include radiation thyroiditis, nausea, taste 
disturbance, sialadenitis, gastritis, bone marrow suppression, 
transient hypospermia, amenorrhea, and pulmonary fibrosis; 
patients who received RAI may also be at risk of a RAI-
induced second primary malignancy [41, 42]. The optimal 
dose of RAI to be used is also unclear, as recent data suggest 
that lower doses (30 mCi) of RAI are as effective as higher 
doses (100 mCi) when ablating patients with both low-risk 
and high-risk tumors [42].

Recommendation 32 
A. RAI ablation is recommended for all patients with known 

distant metastases, gross extrathyroidal extension of the 
tumor regardless of tumor size, or primary tumor size 
> 4 cm even in the absence of other higher risk features.

B. RAI ablation is recommended for selected patients with 
1–4-cm thyroid cancers confined to the thyroid, who have 
documented lymph node metastases, or other higher risk 
features when the combination of age, tumor size, lymph 
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node status, and individual histology predicts an interme-
diate to high risk of recurrence or death from thyroid can-
cer. Recommendation rating: C [8].

The optimal method for inducing a hypothyroid state prior 
to RAI therapy also has been controversial. Over the past 
decade, multiple studies have demonstrated no difference in 
rates of thyroid bed uptake or local recurrence in patients 
who have received recombinant thyroid stimulating hormone 
(rhTSH) prior to RAI, as compared to formal thyroid hor-
mone withdrawal (THW) [43–45]. In some studies, patients 
who have received rhTSH had similar rates of recurrence, 
less chance of needing additional therapies after ablation 
(29.1 vs. 36.8 %), and it required less aggressive follow up 
and TSH suppression [43, 44].
A recent meta-analysis reports an improved quality of life 
for patients treated with rhTSH, compared to THW, largely 
due to the absence of hypothyroid symptomatology [32]. 
Additionally, early resumption of thyroxine following RAI 
has been advocated to reduce symptom severity and poten-
tial hypothyroid complications. In 2007, rhTSH was FDA 
approved for use as adjuvant treatment with RAI in patients 
with DTC without evidence of metastatic thyroid cancer [8].

Recommendation 33 Patients undergoing RAI therapy or 
diagnostic testing can be prepared by LT4 withdrawal for 
at least 2–3 weeks or LT3 treatment for 2–4 weeks and LT3 
withdrawal for 2 weeks with measurement of serum TSH 
to determine timing of testing or therapy (TSH > 30 mU/L). 
Thyroxine therapy (with or without LT3 for 7–10 days) may 
be resumed on the second or third day after RAI administra-
tion. Recommendation rating: B [8].

Recommendation 34 Remnant ablation can be performed 
following thyroxine withdrawal or rhTSH stimulation. Rec-
ommendation rating: A [8].

Long-Term Management of Well-Differentiated 
Thyroid Cancer

The primary goal of long-term follow up in patients with 
DTC is accurate surveillance for detection of recurrent dis-
ease. A patient is considered to be disease-free if there is no 
clinical, radiographic, or biochemical evidence of tumor; the 
latter is defined as serum Tg levels that are undetectable dur-
ing TSH stimulation, with no interfering thyroglobulin an-
tibodies [8, 11]. In low-risk patients, initial monitoring for 
thyroid cancer recurrence includes measurement of serum 
Tg after TSH stimulation and neck US. Repeat rounds of 
rhTSH stimulation have not been demonstrated to be use-
ful in patients who had undetectable Tg at the time of initial 
postoperative follow up. Thus, rhTSH should be repeated 
only in patients who have had a positive first rhTSH-stimu-

lated Tg and negative imaging; after that time, serum Tg can 
be measured while on thyroid hormone replacement (sup-
pressed TSH) [46]. There is controversy as to what exactly 
constitutes a positive or negative stimulated Tg level; it is 
currently suggested that a single stimulated Tg level > 2 ng/
mL predicts persistent tumor. Conversely, a single stimulated 
Tg value of < 0.5 ng/mL, without Tg antibody, has up to a 
98 % likelihood of identifying patients completely free of 
tumor [47].

Recommendation 43 Serum Tg should be measured every 
6–12 months by an immunometric assay. Thyroglobulin 
antibodies should be quantitatively assessed with every mea-
surement of serum Tg. Recommendation rating: A [8].

Recommendation 45B Low-risk patients who have had rem-
nant ablation, negative cervical US, and undetectable TSH 
stimulated Tg can be followed up primarily with yearly clini-
cal examination and thyroglobulin measurements on thyroid 
hormone replacement. Recommendation rating: B [8].

Recommendation 48 
A. Following surgery, cervical US to evaluate the thyroid 

bed and central and lateral cervical nodal compartments 
should be performed at 6–12 months and then periodi-
cally, depending on the patient’s risk for recurrent disease 
and Tg status. Recommendation rating: B.

B. If a positive result would change management, sono-
graphically suspicious lymph nodes greater than 5–8 mm 
in the smallest diameter should be biopsied for cytology 
with Tg measurement in the needle washout fluid. Rec-
ommendation rating: A [8].

As noted in the ATA recommendation above, routine postop-
erative surveillance with US of the thyroid bed and central 
and lateral neck lymph node compartments are an integral 
part of postoperative management of patients with DTC. 
Cervical recurrences may be detected in up to 30 % of all 
patients in some studies, attributable in part to improved US 
technology and serum thyroglobulin assays [14, 20, 48]. The 
optimal management strategy for recurrence is largely based 
on relative risk, but may include surgery with comprehensive 
neck dissection, 131I therapy for RAI-avid disease, external 
beam radiation, or watchful waiting for stable or slowly pro-
gressive asymptomatic disease.
If findings of a malignant lymph node or thyroid bed recur-
rence would change the management of the patient (i.e., 
surgical resection versus continued surveillance), FNA is 
recommended. Obtaining a Tg level in the washout fluid from 
the needle at the time of FNA may help diagnose metastatic 
lymphadenopathy [49]. Serum Tg and Tg in FNA needle 
wash specimens, when combined with US evaluation, each 
have a > 90 % sensitivity for correctly identifying nonmalig-
nant cytology [47, 50]. Therefore, an undetectable serum Tg 
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and normal US findings may obviate the necessity of FNA 
cytology, in the absence of Tg autoantibodies. If persistent or 
recurrent disease is identified, a comprehensive therapeutic 
compartment-oriented neck dissection should be performed; 
a more limited resection may be considered in patients who 
have previously undergone neck dissection.

Recommendation 50 
A. Therapeutic comprehensive compartmental lateral and/

or central neck dissection, sparing uninvolved vital struc-
tures, should be performed for patients with persistent or 
recurrent disease confined to the neck. Recommendation 
rating: B.

B. Limited compartmental lateral and/or central compart-
mental neck dissection may be a reasonable alternative 
for patients with recurrent disease having undergone prior 
comprehensive dissection and/or external beam radiation 
therapy. Recommendation rating: C [8].

Conclusion

Clinical practice guidelines are important in the management 
of patients with DTC; they serve as an invaluable reference 
and provide a standard for all practitioners in patient care. 
The current guidelines in the management of patients with 
differentiated thyroid cancer are based on the best available 
evidence and expert opinion but are not meant to be rigid 
constructs; interpretation of guidelines require flexibility in 
order to individualize and optimize patient care, based on 
personal and institutional capabilities and experiences.

Key Summary Points

• The goal of practice guidelines is to provide consensus 
for management of patients in order to maximize benefits 
of treatment and to reduce unnecessary or harmful inter-
ventions, at an acceptable cost to patient and society.

• All patients with thyroid nodules should have measure-
ment of serum TSH.

• Thyroid sonography is recommended for all patients with 
known or suspected thyroid nodules and should include 
examination of the cervical lymph nodes (central and lat-
eral compartments) for all patients with known or sus-
pected malignancy.

• FNA biopsy is the procedure of choice in the evaluation 
of thyroid nodules.

• For patients with a differentiated thyroid cancer > 1 cm, 
total thyroidectomy is the recommended initial surgi-
cal procedure. Thyroid lobectomy may be considered in 
select patients.

• Therapeutic neck dissections should be performed in a 
compartment-oriented fashion.

• RAI ablation is recommended for all patients with distant 
metastases, extrathyroidal extension of tumor, or large 
tumors; it may be recommended in select other patients.

References

 1. Howlander N, et  al. SEER cancer statistics review, 1975–
2011. National Cancer Institute. 2013. http://seer.cancer.gov/
csr/1975_2011. Posted to the SEER web site, April 2014.

 2. Irani S, et al. Evaluating clinical practice guidelines developed for 
the management of thyroid nodules and thyroid cancers and as-
sessing the reliability and validity of the AGREE instrument. J Eval 
Clin Pract. 2011;17(4):729–36.

 3. Carling T, et al. American Thyroid Association design and feasi-
bility of a prospective randomized controlled trial of prophylactic 
central lymph node dissection for papillary thyroid carcinoma. 
Thyroid. 2012;22(3):237–44.

 4. U.S. Preventive Services Task Force Grade Definitions. USPTF. 
http://www.uspreventiveservicestaskforce.org/uspstf/grades.htm. 
Accessed 1 May 2014.

 5. Davis L, Welch HG. Increasing incidence of thyroid cancer in the 
United States, 1973–2002. JAMA. 2006;295:2164–67

 6. Singer P, et  al. Treatment guidelines for patients with thyroid 
nodules and well-differentiated thyroid cancer. Arch Intern Med. 
1996;156:2165–72.

 7. Cooper DS, et  al. Management guidelines for patients with 
thyroid nodules and differentiated thyroid cancer. Thyroid. 
2006;16(2):109–42.

 8. Cooper D, et al. Revised American Thyroid Association Manage-
ment Guidelines for patients with thyroid nodules and differenti-
ated thyroid cancer. Thyroid. 2009;19(11):1167–214.

 9. Grant CS. Papillary thyroid cancer: strategies for optimal individ-
ualized surgical management. Clin Ther. 2014;36:1117–26.

10. Boelaert K, et al. Serum thyrotropin concentration as a novel pre-
dictor of malignancy in thyroid nodules investigated by fine-nee-
dle aspiration. J Clin Endocrinol Metab. 2006;91(11):4295–301.

11. NCCN Clinical Practice Guidelines in Oncology: Thyroid Carci-
noma. Version 2. 2013. http://www.nccn.org/professionals/physi-
cian_gls/pdf/thyroid.pdf. Accessed 1 May 2014.

12. Gharib H, et  al. American Association of Clinical Endocrinolo-
gists, Associazione Medici Endocrinologi, and European Thy-
rois Association Medical Guidelines for Clinical Practice for the 
Diagnosis and Management of Thyroid Nodules. Endocr Pract. 
2010;16(1):1–43.

13. Perros P, et al. Guidelines for the management of thyroid cancer. 
2nd ed. British Thyroid Association, Royal College of Physicians; 
2007.

14. Conzo G, et al. The current status of lymph node dissection in the 
treatment of papillary thyroid cancer. A literature review. Clin Ter. 
2013;164(4):343–6.

15. Kouvaraki MA, et al. Role of preoperative ultrasonography in the 
surgical management of patients with thyroid cancer. Surgery. 
2003;134(6):946–54.

16. O’Connell K, et al. The utility of routine preoperative cervical ul-
trasonography in patients undergoing thyroidectomy for differen-
tiated thyroid cancer. Surgery. 2013;154(4):697–701.

17. Stulak JM, et al. Value of preoperative ultrasonography in the sur-
gical management of initial and reoperative papillary thyroid can-
cer. Arch Surg. 2006;141(5):489–94.



111Update of the Treatment Guidelines for Well-Differentiated Thyroid Cancer

18. Marshall CL, et  al. Routine pre-operative ultrasonography for 
papillary thyroid cancer: effects on cervical recurrence. Surgery. 
2009;146(6):1063–72.

19. Chaikhoutdinov I, et  al. Incidental thyroid nodules: incidence, 
evaluation, and outcome. Otolaryngol Head Neck Surg. 2014;150: 
939–42.

20. Liebeskind A, et al. Rates of malignancy in incidentally discovered 
thyroid nodules evaluated with sonography and fine-needle aspi-
ration. J Ultrasound Med. 2005;24:629–34.

21. Sung JY, et al. Diagnostic accuracy of fine-needle aspiration versus 
core-needle biopsy for the diagnosis of thyroid malignancy in a 
clinical cohort. Eur Radiol. 2012;22(7):1564–72.

22. Cibas ES, Ali SZ. The Bethesda system for reporting thyroid cyto-
pathology. Am J Clin Pathol. 2009;132(5):658–65.

23. Ahmadieh H, Azar ST. Controversies in the management and fol-
lowup of differentiated thyroid cancer: beyond the guidelines. J 
Thyroid Res. 2012; Epub ahead of print.

24. Yip L, et  al. Optimizing surgical treatment of papillary thyroid 
carcinoma associated with BRAF mutation. Surgery. 2009;146(6): 
1215–23.

25. Alexander EK, et  al. Preoperative diagnosis of benign thyroid 
nodules with indeterminate cytology. N Engl J Med. 2012;367(8): 
705–15.

26. Alexander EK, et  al. Multicenter clinical experience with the 
Afirma gene expression classifier. J Clin Endocrinol Metab. 
2014;99(1):119–25.

27. McIver B, et al. An independent study of a gene expression clas-
sifier (Afirma™) in the evaluation of cytologically indeterminate 
thyroid nodules. J Clin Endocrinol Metab. 2014; Epub ahead of 
print.

28. Tuttle RM, et al. Clinical features associated with an increased risk 
of thyroid malignancy in patients with folicular neoplasm by fine-
needle aspiration. Thyroid. 1998;8(5):377–83.

29. Tamez-Pérez HE, et  al. Nondiagnostic thyroid fine needle aspi-
ration cytology: outcome in surgical treatment. Rev Invest Clin. 
2007;59(3):180–3.

30. Bilimoria KY, et al. Extent of surgery affects survival for papillary 
thyroid cancer. Ann Surg. 2007;246(3):375–81; discussion 381–74.

31. Pelizzo MR, et al. High prevalence of occult papillary thyroid car-
cinoma in a surgical series for benign thyroid disease. Tumori. 
1990;76(3):255–7.

32. Yu XM, et al. Current treatment of papillary thyroid microcarci-
noma. Adv Surg. 2012;46:191–203.

33. Ito Y, et al. Patient age is significantly related to the progression of 
papillary microcarcinoma of the thyroid under observation. Thy-
roid. 2014;24(1):27–34.

34. Wang TS, et al. Papillary thyroid microcarcinoma: an over-treated 
malignancy? World J Surg. 2014; Epub ahead of print.

35. Carty SE, et al. Consensus statement on the terminology and clas-
sification of central neck dissection for thyroid cancer. Thyroid. 
2009;19(11):1153–8.

36. Stack BC, et  al. American thyroid association consensus review 
and statement regarding the anatomy, terminology, and rationale 
for lateral neck dissection in differentiated thyroid cancer. Thy-
roid. 2012;22(5):501–8.

37. Davidson HC, et al. Papillary thyroid cancer: controversies in the 
management of neck metastasis. Laryngoscope. 2008;118(12): 
2161–5.

38. Mazzaferri EL, et  al. The pros and cons of prophylactic central 
compartment lymph node dissection for papillary thyroid carci-
noma. Thyroid. 2009;19(7):683–9.

39. Lee CR, et al. Lobectomy and prophylactic central neck dissection 
for papillary thyroid microcarcinoma: do involved lymph nodes 
mandate completion thyroidectomy? World J Surg. 2014;38(4): 
872–7.

40. Oltmann SC, et al. Radioactive iodine remnant uptake after com-
pletion thyroidectomy: not such a complete cancer operation. Ann 
Surg Oncol. 2014;21(4):1379–83.

41. Luster M, et al. Guidelines for radioiodine therapy of differenti-
ated thyroid cancer. Eur J Nucl Med Mol Imaging. 2008;35(10): 
1941–59.

42. Zaman MU, et  al. Controversies about radioactive iodine-131 
remnant ablation in low risk thyroid cancers: are we near a con-
sensus? Asian Pac J Cancer Prev. 2013;14(11):6209–13.

43. Hugo J, et al. recombinant human thyroid stimulating hormone-
assisted radioactive iodine remnant ablation in thyroid can-
cer patients at intermediate to high risk of recurrence. Thyroid. 
2012;22(10):1007–15.

44. Tu J, et al. Recombinant human thyrotropin-aided versus thyroid 
hormone withdrawal-aided radioiodine treatment for differenti-
ated thyroid cancer after total thyroidectomy: a meta-analysis. Ra-
diother Oncol. 2014;110(1):25–30.

45. Tuttle RM, et  al. Recombinant human TSH-assisted radioactive 
iodine remnant ablation achieves short-term clinical recurrence 
rates similar to those of traditional thyroid hormone withdrawal. J 
Nucl Med. 2008;49(5):764–70.

46. Castagna MG, et al. Limited value of repeat recombinant human 
thyrotropin (rhTSH)-stimulated thyroglobulin testing in differen-
tiated thyroid carcinoma patients with previous negative rhTSH-
stimulated thyroglobulin and undetectable basal serum thyro-
globulin levels. J Clin Endocrinol Metab. 2008;93(1):76–81.

47. Kloos RT, Mazzaferri EL. A single recombinant human thyrotro-
pin-stimulated serum thyroglobulin measurement predicts differ-
entiated thyroid carcinoma metastases three to five years later. J 
Clin Endocrinol Metab. 2005;90(9):5047–57.

48. Tuttle RM, et  al. Estimating risk of recurrence in differentiated 
thyroid cancer after total thyroidectomy and radioactive iodine 
remnant ablation: using response to therapy variables to modify 
the initial risk estimates predicted by the new American Thyroid 
Association staging system. Thyroid. 2010;20(12):1341–9.

49. Boi F, et al. The diagnostic value for differentiated thyroid carci-
noma metastases of thyroglobulin (Tg) measurement in washout 
fluid from fine-needle aspiration biopsy of neck lymph nodes is 
maintained in the presence of circulating anti-Tg antibodies. J 
Clin Endocrinol Metab. 2006;91(4):1364–9.

50. Snozek CL, et  al. Serum thyroglobulin, high-resolution ultra-
sound, and lymph node thyroglobulin in diagnosis of differentiat-
ed thyroid carcinoma nodal metastases. J Clin Endocrinol Metab. 
2007;92(11):4278–81.



113

Frank Lahey

1880–1953

Kimlynn B. Do, Daniel T. Ruan

J. L. Pasieka, J. A. Lee (eds.), Surgical Endocrinopathies, DOI 10.1007/978-3-319-13662-2_18,
© Springer International Publishing Switzerland 2015

D. T. Ruan ()
General and GI Surgery, Endocrine Surgery, Brigham and Women’s 
Hospital, Harvard Medical School, 37 Athelstane Road, Newton 
Center, Boston, MA 02459, USA
e-mail: druan@partners.org

K. B. Do
Brigham and Women’s Hospital, 9541 Duke Dr, Westminster, CA 
92683, USA

Portrait of Frank Lahey, MD. (Courtesy of Lahey Hospital & Medical 
Center)

Early Life

Frank Lahey was born in Massachusetts to first-generation 
Irish immigrants in 1880 [1]. Lahey’s grandparents were 
farmers who immigrated during “The Great Famine” to the 
town of Stoneham, Massachusetts, located 10 miles north 

of Boston. In this small New England town, they raised a 
son, Thomas Lahey, who became a successful businessman. 
Thomas was an educated man and co-owned the Fletcher and 
Lahey firm, specializing in the construction of bridges [2].

Thomas married a young woman named Honora, and 
on June 1, 1880, they had their only child, Frank Howard 
Lahey. Frank Lahey was a curious child with diverse inter-
ests. Howard, as his friends called him, enjoyed the outdoors 
and sports such as American football, baseball, shooting, and 
track. As a secondary school student, he partook in track and 
field competitions with some success.

Thomas Lahey tried to condition his son in the family 
business, where Frank was employed during his summer 
vacations. However, despite his father’s best efforts, Frank 
avoided the family firm and had no interest in taking over 
the family business. Rather, Frank took great interest in Dr. 
Charles Benson, a progressive local physician. Frank Lahey 
later admitted that his exposure to Dr. Benson inspired him 
to become a physician.

Education

Frank Lahey was a diligent and ambitious student. He com-
pleted his undergraduate studies at Harvard, graduating at 
the turn of the twentieth century. He then attended Harvard 
Medical School, where he received his medical doctorate in 
1904 [3]. Following medical school graduation, Dr. Lahey 
was an intern at the Long Island Hospital. He then returned 
to Boston to continue his undesignated medical training at 
the Boston City Hospital, followed by formal surgical train-
ing at the Haymarket Square Relief Station [4]. As a surgical 
trainee, Frank Lahey proved to be well-organized and eager 
to teach others.

Those who knew and loved Frank will remember him as a great leader and a lovable man; a surgeon who 
seemed at his best when facing the impossible; a friend whose whole-hearted welcome was offered alike to the 
distinguished visitor and the humble seeker after knowledge. Until the end, he was skillful, kindly, and vital. As 
such he will remain in our memory. 

— Rodney Maingot
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Early Career and the Lahey Clinic

After completing his surgical training, Frank Lahey had 
dual appointments at Harvard and Tufts Medical Schools. 
Although Lahey’s schedule was exceedingly demanding, 
he thrived as a junior faculty member at both institutions. 
When the USA entered World War I in 1917, Dr. Lahey 
readily served his country as the director of surgery in 
the Evacuation Hospital No. 30 in France. Expanding his 
knowledge as a military surgeon, Dr. Lahey deduced that 
“asepsis, antisepsis, and anesthesia had created a new sur-
gery” best accomplished by a team. His leadership role in 
the war influenced his views regarding the organization of 
health care delivery.

Lahey returned to Massachusetts after his service in 
World War I. He resumed his appointments at Harvard and 
Tufts medical schools and started a private practice in Bos-
ton’s Kenmore Square [5]. Based on his wartime experience, 
he was convinced that a team-based model could improve 
the delivery of surgical care. In this paradigm, dedicated and 
collegial clinicians would collaborate and teach each other. 
Lahey believed that teamwork was the key to successful sur-
gery, and he began implementing his idea within his newly 
created private practice, the Lahey Clinic.

Lahey assembled a team of caregivers for his new prac-
tice, which included Miss Wallace Blanche, a nurse he met 
during his years in the war; Dr. Howard Clute, an anesthesi-
ologist; and Dr. Lincoln Sise, a gastroenterologist. For a few 
years, this team would travel incessantly between Lahey’s 
private practice, the Peter Bent Brigham Hospital, the New 
England Baptist Hospital, and the New England Deaconess 
Hospital. The roads were tough and the winters in Boston 
were unforgiving for frequent travel. Consequently, much 
time was wasted and the team’s morale suffered.

Dr. Lahey frequently spoke of his dream hospital where 
all aspects of patient care could be provided under a single 
roof. He envisioned a hospital where patients could acquire 
multiple consultations from expert physicians working to-
gether with a collaborative spirit. Although commonplace 
today, this idea initially faced great opposition and skep-
ticism from the established Boston medical community. 
Lahey ended his appointments at Harvard and Tufts to dedi-
cate himself completely to the creation of his dream: a col-
laborative multidisciplinary clinic.

By 1926, Dr. Lahey had achieved his vision of a multidis-
ciplinary hospital. The Lahey Clinic had integrated waiting 
rooms, doctors’ offices, and examination rooms. Further-
more, Lahey started fellowship programs where young sur-
geons could further develop their skills and knowledge base 
under the close guidance of an attending surgeon. The first 
Lahey fellowship program involved only two trainees, but 
eventually expanded to approximately 100 fellows.

One of Dr. Lahey’s best students was Sara M. Jordan. She 
first worked with Dr. Lahey as a medical student. Her unique 
personality captured his attention, so he decided to mentor 
her after graduation. At first, she was confused about which 
path of medicine to pursue; Dr. Lahey recognized that she 
could succeed in any profession and guided her into the rap-
idly developing field of gastroenterology. Dr. Jordan devel-
oped a highly successful career in gastroenterology, and Dr. 
Lahey later wrote that watching her progress was one of his 
greatest privileges in his life. As a teacher, Lahey influenced 
and inspired the careers of many surgeons and nonsurgical 
specialists [6].

Although Dr. Lahey was a highly skilled surgeon of the 
gastrointestinal tract, he is best known for his expertise in 
thyroid surgery. In 1938, he reported over 3000 thyroidecto-
mies with superb outcomes [7]. At that time, many surgeons 
believed that the recurrent laryngeal nerve should be avoided 
and undisturbed during thyroidectomy. In contrast, Lahey 
believed that the intraoperative localization of the recurrent 
laryngeal nerve allowed for safe removal of the thyroid with-
out nerve injury. In his large series, the recurrent laryngeal 
nerve was routinely dissected and preserved, which resulted 
in superior outcomes. This approach is now the standard 
technique used by endocrine surgical specialists today.

World War II and the Examination of Roosevelt

The USA entered World War II after the attack on Pearl Har-
bor in December 1941. Dr. Lahey did not hesitate to serve his 
country again. However, by this time, Lahey had established 
a reputation as an eminent surgical teacher and innovator. As 
such, he played an even larger leadership role and was ap-
pointed the chairman of the Service for the Procurement and 
Assignment of Medical Personnel and the chairman of the 
Medical Consulting Board. This made Dr. Lahey responsible 
for the hiring of 60,000 doctors for the Army and Navy, and 
he supervised numerous military clinics and hospitals.

In March of 1944, President Franklin D. Roosevelt (FDR) 
was 62 years of age and was in poor health [8]. FDR had 
lost a significant amount of weight and developed a haggard 
appearance, but his declining health was largely unknown to 
the public. Although there were rumors that FDR had suf-
fered from a paralytic stroke, heart disease, advanced can-
cer, and mental illness, FDR likely influenced the Office of 
Censorship to avoid media scrutiny of his failing health. As 
a consequence of an adult case of polio, FDR required leg 
braces and could only walk short distances by moving his 
torso with the support of a cane. He used a wheelchair for 
mobility in private, keeping his disability from the public.

At the time, the world was at war with military and civil-
ian casualties on the order of tens of millions and the USA 
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was dealing with an economic depression. FDR’s reelection 
campaign would be compromised if the public knew of his 
declining health. Defensive of FDR, his personal physician, 
Ross McIntire, claimed he was in excellent condition for a 
man of his age and attributed his exhaustion on the war. But 
the public was skeptical and brushed off McIntire’s argu-
ment. Worried that the fleeting rumors would compromise 
FDR’s reelection, Dr. Howard Bruenn, a cardiologist from 
the National Naval Medical Center, was consulted to end the 
rumors.

However, Dr. Bruenn found that FDR indeed was suffer-
ing from advanced heart failure, and he recommended sup-
portive care including digitalis, salt restriction, weight loss, 
and activity restriction. McIntire, still determined that there 
was nothing wrong with Roosevelt’s health, searched for an 
additional opinion, which lead to the request for Dr. Lahey.

Dr. Lahey immediately flew to Washington DC where 
he too diagnosed Roosevelt with end-stage heart failure. Dr. 
Lahey advocated against serving another term of presidency, 
believing that Roosevelt could not survive another term in 
office. But the president and his advisors denied his sugges-
tion. Lahey was conflicted between upholding his integrity 
as a citizen versus protecting his patient’s confidentiality.

Dr. Lahey decided to remain silent about the president’s 
condition, and, consequently, FDR won reelection and con-
tinued his next term in the nation’s highest office. As Lahey 
had predicted, FDR did not survive to finish his presiden-
tial term. FDR died within a month of Germany’s surrender, 
which shocked the public who was unaware of his illness. 
Had Dr. Lahey revealed to the public about the true condi-
tion of the president, it is unlikely that FDR would have been 
reelected. As such, Dr. Lahey’s decision to remain silent and 
protect the president’s medical information influenced the 
course of American politics and world history.

Accomplishments

Dr. Lahey’s life was replete with accolades and accom-
plishments [9]. He was surgeon in chief of both the New 
England Deaconess and New England Baptist Hospitals for 
over 30 years. He was elected the president of the Ameri-
can Association for the Study of Goiter, the New England 
Surgical Society, the American Medical Association, and 
the Interstate Postgraduate Assembly [10]. He founded the 
American Board of Surgery and was on the executive board 
of the American College of Surgeons along with numerous 
other international surgical societies. He took great pride in 
the Henry Jacob Bigelow Medal in honor of his excellence 
as a teacher and surgeon, because it was from his peers in 
the Boston Surgical Society. He was also the recipient of 
the Medal of Merit presented by the secretary of the US 
Navy and the Friedenwald Medal given by the American 

 Gastroenterological Association for his accomplishments 
in surgery of the digestive tract and the Meritorious Award 
from the American Goiter Association for his contribution to 
thyroid disease.

Arguably, Frank Lahey’s biggest accomplishment was the 
creation of the innovative hospital that bears his name. The 
Lahey Clinic, now a health-care network named the “Lahey 
Hospital and Medical Center,” continues its success as an 
international center for excellence. Frank Lahey inspired the 
culture that still exists today, where collaborative special-
ized teams are directly available to individual patients. As 
Lahey initiated almost a century ago, every component of 
a patient’s care at the Lahey Medical Center is coordinated 
under a single roof involving experts across multiple medical 
and surgical disciplines.

Personal Life

Frank Lahey’s athletic spirit from childhood never dimin-
ished in his lifetime. He was extremely fond of dog field tri-
als and he brought Lady, his favorite dog, to the office every 
Sunday. In his younger years, he enjoyed hunting dogs and 
shooting. In his later years, he played golf with his wife, Ann 
Wilcox. Similar to how he approached his surgical practice, 
Dr. Lahey played golf with ambition; he objectively ana-
lyzed his golf performance and often consulted golf profes-
sionals for technical advice.

Dr. Lahey was noted to be a man of unyielding kindness 
and generosity by his colleagues and patients. He was a de-
voted husband and capable outdoorsman. He woke at 6 in 
the morning every day to read and have breakfast with his 
Alice. In the afternoon, he would walk home from the hospi-
tal to join her for lunch. Mrs. Lahey’s tolerance with his busy 
schedule never wavered, which Frank greatly appreciated. 
She often accompanied him to his international medical con-
ferences, allowing them to travel the world together. Frank 
spoke highly of his wife, including the following, “Any doc-
tor’s wife who has lived with a doctor as long as Mrs. Lahey 
has lived with me has to be a fine woman to do it.” Frank and 
Alice cherished their vacations on Lake Winnipesaukee to-
gether where they enjoyed the warm weather, fishing, swim-
ming, and golf. Frank Lahey died in 1953 at the age of 73.
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Introduction

In the mid-to-late nineteenth century, the management of 
severe thyrotoxicosis from exophthalmic goiter was a re-
flection of the lack of understanding of the disease process 
and the overall function of the thyroid [1–3]. At this time, 
exophthalmic goiter was treated medically with a wide range 
of homeopathic remedies including sodium chloride, sodium 
phosphate, and morphia, along with bed rest, a diet heavy 
in milk, and blood from thyroidectomized animals [2, 3]. 
The rare event of resolution or improvement in a patient’s 

condition was undoubtedly a result of spontaneous remis-
sion rather than such poorly understood medical interven-
tions. In the meantime, patients would enter a state of thyroid 
crisis and become grossly emaciated, suffering from severe 
pulmonary and cardiac sequelae, blindness from corneal ul-
ceration, and uncontrollable diarrhea and vomiting [2, 3]. 
Despite this horrid quality of life, leaders in thyroid surgery, 
including Kocher and Halstead, believed that surgery for pa-
tients with thyrotoxicosis placed the patient at too high of a 
risk to be beneficial [1, 4]. When surgery was attempted, pa-
tients suffered from either complications of chloroform an-
esthesia, postoperative thyroid storm, which was often fatal, 
or the inevitable recurrence of the thyrotoxicosis secondary 
to removing an insufficient amount of the thyroid gland [5]. 
Furthermore, at that time, complications from thyrotoxicosis, 
including heart failure and atrial fibrillation, were consid-
ered relative contraindications to surgery [5]. Although often 
overshadowed by his contemporaries, Thomas Peel Dunhill 
was integral in demonstrating the benefits of early surgical 
intervention for toxic goiter. Through his persistence and in-
genuity, as well as his surgical technique, he was able to shift 
the global consensus towards subtotal thyroidectomy—total 
resection of one thyroid lobe and subtotal resection of the 
contralateral lobe.

Thomas Peel Dunhill was born on December 3, 1876, 
near Kerang in Victoria, Australia, to John Webster Dunhill, 
the manager of a sheep and cattle station, and his wife Mary 
Peel [2, 4]. When Thomas was 2 years old, his father died of 
typhoid fever, at which point Mary Peel brought him and his 
younger brother, John Webster Dunhill, back to her home-
town of Inverleigh [2]. It was there, in 1888, that his mother 
remarried William Lawry, a local miner [2]. In 1892, Thom-
as began to study pharmacy, spending his days in a chem-
ist shop at Daylesford and his evenings attending lectures at 
the Ballarat School of Mines [2]. His dedication to master-
ing the subject of pharmacology allowed him to become a 
registered pharmacist in 1898 [2]. By 1899, he had finally 
made enough money as a pharmacist and was able to enroll 
at the University of Melbourne to pursue his true passion: 

Thomas Peel Dunhill (1876–1957) at the age of 29 when he began 
his work as physician to outpatients in 1905 at St. Vincent’s Hospital. 
From Thomas Peel Dunhill: Pioneer Thyroid Surgeon, Vellar, 1999. 
(Reprinted with permission, Copyright © 2002, John Wiley and Sons)
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medicine [2, 6]. During his time there, he was regarded as an 
“outstanding student” and received first class honors in the 
subjects of medicine, surgery, and obstetrics [2]. After grad-
uating from the clinical school of the Melbourne Hospital, 
he started his first resident house appointment at Melbourne 
Hospital at the age of 27 [6]. During his residency training, 
he was heavily influenced by his chief William Moore, and 
this is likely how he became interested in the management 
of patients who were dying from exophthalmic goiter of the 
thyroid [3]. In 1905, he had completed his surgical residency 
training, but, without the financial support from a wealthy 
family or the proper connections, he left Melbourne Hospital 
and graciously accepted an invitation from Mother Berch-
mans Daly (then the Mother Rectress) to join the medical 
staff at the newly built St. Vincent’s Hospital [2,3]. How-
ever, there were no surgical positions available at the time, 
so Dunhill was appointed physician to outpatients and was 
officially awarded his M.D. in 1906 [2, 6]. It was at this 
time, with the help of his chief, David Murray Morton, that 
Dunhill turned his attention to the management of patients 
with toxic exophthalmic goiter.

At the turn of the twentieth century, physicians, Dunhill 
included, were giving milk from thyroidectomized animals 
to thyrotoxic patients in an attempt to provide a factor that 
would neutralize the thyroid toxin [2, 3]. A similar short-
lived practice was to inject a thyroidectomized animal with 
thyroid extract and then inject that animals’ serum into a thy-
rotoxic patient [3]. By 1907, Dunhill had realized the inef-
fective results of medical treatment for this disease in the 
patients suffering from thyrotoxicosis at St. Vincent’s Hos-
pital [3]. Inspired by Kocher’s report in the British Medi-
cal Journal of using local anesthesia when operating on the 
thyroid and having seen the disastrous effects of the general 
anesthetic at the time (chloroform) on a thyrotoxic patient 
suffering from cardiac failure, Dunhill took his first step to-
ward making his mark in history [6].

Unfortunately, Dunhill was limited by his position as an 
outpatient surgeon, and it was only with the assistance of 
David Murray Morton, who allowed Dunhill the use of a sur-
gical bed, that Dunhill had the opportunity to take on his first 
patient. Mary Lynch was a 36-year-old Irish servant who had 
been suffering from exophthalmic goiter for months. She was 
not only out of work due to her persistent vomiting and ema-
ciation but also so close to death that in the words of Dunhill 
himself, she “preferred any risk to remaining as she was” 
[3]. In July 1907, 2 years before Theodor Kocher received 
the Nobel Prize “for his works on the physiology, pathol-
ogy and surgery of the thyroid gland,” Dunhill performed the 
fourth thyroidectomy ever done at St. Vincent’s by removing 
the right lobe of her thyroid under local anesthesia (Fig. 1) 
[2, 3, 8]. Mary Lynch not only survived the operation but she 
also did well postoperatively. After seeing this, other patients 

who were suffering from severe thyrotoxicosis self-referred 
to Dunhill for surgery [3, 6]. He operated on six other indi-
viduals with severe cases of thyrotoxicosis, including two 
with atrial fibrillation and cardiac failure, and all recovered 
well [2]. He published the results of these first seven cases 
in the Intercolonial Medical Journal of Australasia in No-
vember of 1907 [2, 3]. Regardless, his medical colleagues 
still remained wary of surgery as evidenced by the fact that 
of Dunhill’s first 25 patients, only 5 of them were referred 
by other physicians, and the other 20 were self-referrals after 
hearing of his success [3].

All of Dunhill’s initial patients were severely thyrotoxic 
and underwent removal of one lobe of the thyroid along with 
the isthmus. However, of these 25 patients, 6 had a recur-
rence of thyrotoxic symptoms postoperatively, and required 
a second operation to remove one half to two thirds of the 
remaining lobe [2]. Dunhill concluded that in order to cure 
the disease, it was important to remove a sufficient amount 
of thyroid tissue. However, at this time, the exact amount of 
tissue that would be enough to prevent recurrence, but not 
be so much that the patient developed hypothyroidism and 
tetany, was unknown [3]. Consequently, other thyroid sur-
geons including Halstead and Crile advocated for removal 
of one thyroid lobe and a ligation of the superior or infe-
rior thyroid vessels on the other lobe. Dunhill believed that 
when the remaining lobe was so enlarged, a simple ligation 
of the vessels did not protect the patient from continuing or 
recurrent thyrotoxicity and that part of the remaining gland 
needed to be resected. Unfortunately, at his first attempt to 
resect one and a half lobes of the thyroid in a thyrotoxic pa-
tient with heart failure, the patient died postoperatively from 
thyroid crisis. Dunhill believed that this patient’s death was 
in part due to the advanced stage of the disease. He argued 

Fig. 1  The operating theater at St. Vincent’s Hospital where Dunhill 
performed his first thyroid surgery in 1907 on Mary Lynch, an Irish ser-
vant suffering from severe thyrotoxicosis. From Thomas Peel Dunhill: 
Pioneer Thyroid Surgeon, Vellar, 1999. (Reprinted with permission, 
Copyright © 2002, John Wiley and Sons)
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that if patients were referred at an earlier stage in the disease 
before cardiac and pulmonary complications occur, they will 
be better suited to undergo thyroid resection and have a bet-
ter chance of a full recovery [3]. However, he reasoned that 
in certain advanced cases it was wise to perform the opera-
tion in two stages [2, 5].

In 1909, Dunhill published an article entitled “Remarks 
on partial thyroidectomy with special reference to exophthal-
mic goitre and observations on 113 operations under local 
anesthesia” which detailed his practice of performing the op-
eration in one stage (removal of one lobe and at least half of 
the other lobe) in the majority of patients and reserving the 
staged operation only for those who were severely thyrotoxic 
with advanced disease [2]. He also continued to operate on 
patients with cardiac manifestations of the disease including 
heart failure and atrial fibrillation. Specifically, he had oper-
ated on eight such patients, half of whom required a staged 
operation, but all of whom survived and recovered well [2, 
3]. Part of Dunhill’s success was related to his technique. 
He carefully dissected the thyroid gland with his fingers and 
ligated the superior and inferior thyroid arteries early in the 
operation rather than using a scalpel and forceps through 
the friable highly vascularized tissue. Consequently, he was 
often able to achieve a clean dissection and avoid excessive 
bleeding [2, 3]. He was described as a “meticulous operator 
with a delicate touch” [6]. Additionally, with the use of local 
anesthesia, he was able to avoid the complications associ-
ated with chloroform including severe nausea and vomiting 
[2]. In 1910, he was promoted as surgeon to inpatients at St. 
Vincent’s, and, with the help of his colleague Hugh Devine, 
he helped turn St. Vincent’s Hospital into a Clinical School 
at the University of Melbourne [7].

In 1911, Dunhill set out to England and America to learn 
from some of the top thyroid centers around the world [6]. 
He first visited Dr. Frank Hartley in New York, Halsted at 
Johns Hopkins in Baltimore and the Mayo brothers in Roch-
ester, Minnesota, where the operation for thyrotoxicosis con-
sisted of removing one lobe and ligating the superior thyroid 
vessels in the remaining lobe. Dunhill shared his results with 
other leaders in thyroid surgery, including Halstead, and em-
phasized the importance of resecting thyroid tissue bilater-
ally to successfully treat thyrotoxicosis [2].

From there, he journeyed to England, where the attitude 
toward surgery for thyrotoxicosis at this time could be sum-
marized by one of England’s well-known thyroid surgeons 
James Berry, who described the operation as “worse than 
useless” and stated that the risks heavily outweighed the 
potential benefits [5]. Additionally, the belief that patients 
tended to get better with conservative treatment persisted. 
As a result, surgery was viewed a last resort, and patients 
were not referred until very late in the course of the disease, 
when generalized anesthesia alone for these emaciated pa-
tients with severe cardiac and pulmonary sequelae was often 
fatal [2]. In February of 1912, Dunhill had the opportunity 
to present his research in England at the Surgical Section of 
the Royal Society of Medicine. Unfortunately, he was un-
able to be in England at the time and James Berry presented 
Dunhill’s results instead [2, 3, 6]. The reaction of most of the 
surgeons in the audience to Dunhill’s 230 cases of thyrotoxi-
cosis with only four deaths was a combination of skepticism 
and disbelief. Since none of the attendees could compete 
with Dunhill in terms of volume of cases and low mortality 
rates, questions were raised regarding Dunhill’s honesty in 
reporting his results and also the accuracy of the diagnosis 
of thyrotoxicosis and Graves’ disease in his surgical patients 
[3, 5].

Despite this criticism, there was a shift in the surgical 
treatment of thyrotoxicosis in England and America after 
Dunhill’s visit. This cause was aided by the research of his 
peers whose results confirmed Dunhill’s theory. For example, 
Halstead presented findings in front of the American Surgi-
cal Association, in 1913, that in order to cure thyrotoxicosis, 
it was absolutely necessary to remove part of the second lobe 
of the thyroid [3, 6]. At the Mayo Clinic, in 1914, nearly 7 
years after Dunhill performed his first bilateral resection of 
the thyroid for thyrotoxicosis, Donald Church Balfour stated 
that surgery for the thyrotoxic patient entailed removal of 
one lobe of the thyroid and part of the other lobe and that this 
technique should be performed “as a rule” [3].

Upon Dunhill’s return to St. Vincent’s, he was promoted 
to surgeon to inpatients at the age of 37. He then served in 
World War I as surgeon to the First Australian General Hos-
pital in 1915, where he was promoted to Lieutenant Colonel 
in 1917 [2, 3, 6].

 

Fig. 2  A portrait of Thomas Peel Dunhill at the age of 59. From Thom-
as Peel Dunhill: Pioneer Thyroid Surgeon, Vellar, 1999. (Reprinted 
with permission, Copyright © 2002, John Wiley and Sons)
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Once the war was over, George Gask, one of the surgeons 
that Dunhill had worked with, was appointed professor of 
surgery at St. Bartholomew’s Hospital in London and in-
vited Dunhill to serve as assistant director [4]. However, 
upon moving to London, he continued to have to push for 
early patient referrals and argue for the benefit of surgery in 
patients who suffered from heart failure and atrial fibrilla-
tion as a result of thyrotoxicosis despite all the evidence that 
had been presented to the contrary [2]. Dunhill reported that 
atrial fibrillation disappeared after thyroidectomy for toxic 
goiter but his mortality rate was 7 % (17 of 240 patients) in 
patients with atrial fibrillation versus about 1 % for other pa-
tients with toxic goiter [9]. He worked tirelessly to break the 
cycle of physicians delaying surgical referrals for thyrotoxic 
patients for fear of high operative mortality until the patient 
was at an advanced stage of the disease and consequently 
was at significant operative risk. With the help of the profes-
sor of medicine at St. Bartholomew’s Hospital, Francis Fra-
ser, Dunhill was able to persuade referring physicians that if 
medical management was not improving the condition in the 
thyrotoxic patient that surgical intervention should be con-
sidered sooner rather than later [2, 6].

In 1920, Dunhill altered his technique from lobectomy 
with removal of the majority of the remaining lobe to a sub-
total thyroidectomy, leaving behind the posterior portion of 
the thyroid gland—a technique first described by Mikulicz 
in 1885. Charles Mayo and George Crile adopted this tech-
nique around the same time [2]. Between the years of 1907 
and 1937, he published 29 papers on the surgical treatment 
of the toxic goiter. In 1928, he was appointed surgeon to the 
Royal Household and served as surgeon to King George V, 
Edward VIII, and George VI (Fig. 2) [2]. He retired from 
St. Bartholomew’s in 1935 and continued to have his private 

practice in England until he stopped operating in 1949. He 
died in December of 1957 of what was thought to be compli-
cations of hemochromatosis.

While Halsted, Mayo, Crile, Lahey, and Kocher are often 
the names that are first mentioned when considering the his-
tory of thyroid surgery, Dr. Thomas Peel Dunhill’s contribu-
tions to the field should not be overlooked. A true pioneer, he 
championed the efficacy of the subtotal thyroidectomy and 
challenged his colleagues to see the benefits of early surgical 
intervention as the optimal treatment for patients with toxic 
goiter. These principles remain the foundation of surgical 
management of toxic goiter to the current day.
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Introduction

Primary hyperparathyroidism (PHPT) affects 0.1–0.5 % of 
the adult US population and is more common among women 
by a factor of 3:1. The incidence of PHPT rises sharply after 
age 50 and continues to rise with each subsequent decade 
of age [1]. Recent analysis of a large racially mixed popula-
tion in southern California indicated that PHPT is more com-
mon among African Americans than whites or Asians [1]. 
Furthermore, the incidence and prevalence of PHPT appear 
to be rising [1]. The bone and renal effects of long-standing 
untreated PHPT can have a substantial impact on quality of 
life and cost of health care [2]. Patients with PHPT also ex-
perience a broad spectrum of physical and neurocognitive 
symptoms that may be difficult to recognize, measure, and 
quantify. Parathyroid surgeons are first-hand witnesses to the 
symptom improvement experienced by most patients, even 
those thought to be asymptomatic prior to surgery [3–5]. 
Prospective studies have documented the improvements in 
bone mineral density [6], and cohort studies have demon-
strated a reduction in fracture rate [7, 8] and kidney stone 
formation [9] following curative parathyroidectomy. De-
spite the clear health and cost benefits [2] to surgical cure of 
PHPT, approximately only 20–30 % of patients are referred 
for surgery [10, 11]. There is broad agreement among en-
docrine physicians that patients with symptomatic PHPT or 
marked hypercalcemia should be referred for surgery [12]. 
Considerable controversy continues to fuel the debate over 
which patients with so-called “asymptomatic” PHPT are rea-
sonable to observe. Since 1990, four conferences have been 
convened with the goal of defining the proper management 
of asymptomatic PHPT. Although the most recent three con-
ferences have not been conducted under the aegis of a Na-
tional Institutes of Health (NIH) consensus, and participation 

among parathyroid surgeons has been limited to a handful of 
invitees, guidelines from the International Workshop on As-
ymptomatic Primary Hyperparathyroidism are widely used 
to direct the care of these patients. Numerous investigators 
have challenged the recommendations from these guidelines, 
and many have shown that patients who do not meet the cri-
teria for surgery will still benefit from surgery [4, 5]. Most 
parathyroid surgeons believe that PHPT is under-recognized, 
underreported, and undertreated. In this chapter, the diagno-
sis and workup of PHPT are reviewed. An overarching goal 
for those physicians who treat PHPT should be to improve 
the frequency of proper diagnosis and surgical referral for 
PHPT.

Etiology of Disease

The majority of patients diagnosed with PHPT have no 
known environmental or genetic risk factors. These patients 
with sporadic disease comprise approximately 95 % of all 
cases of PHPT. Most cases of sporadic PHPT, approximately 
85 %, are due to a single parathyroid adenoma. Approxi-
mately 15 % of sporadic patients have multigland disease, 
which includes double adenoma and hyperplasia of all para-
thyroid glands. Less than 1 % of patients have PHPT due to 
parathyroid carcinoma.

A careful family history should be sought for inherited 
endocrine syndromes in order to detect the clinically rel-
evant potential manifestations of disease. Inherited PHPT 
syndromes are more likely to be due to multigland disease, 
and often are associated with additional endocrine and non-
endocrine tumors. The predisposition for PHPT may be in-
herited in patients with multiple endocrine neoplasia (MEN) 
type I and IIa, hyperparathyroidism-jaw tumor syndrome 
(HPT-JT), and familial isolated hyperparathyroidism (FIHP) 
[13, 14]. Patients who inherit MEN-1 (Wermer’s syndrome) 
are essentially guaranteed to develop PHPT at some point 
in life, almost always due to an asymmetric 4-gland hy-
perplasia. Approximately one third of MEN-2a (Sipple’s 
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syndrome) patients develop PHPT. The relative risk of de-
veloping PHPT in MEN-2A can be predicted by knowledge 
of the exact codon mutation in the rearranged during trans-
fection (RET) oncogene. HPT-JT is characterized by the de-
velopment of hyperparathyroidism due to single or multiple 
(occasionally cystic) abnormal parathyroid glands, and osse-
ous fibromas of the maxilla or mandible. Renal cysts, ham-
artomas, or Wilms’ tumors have also been described in HPT-
JT. HPT-JT patients have an approximately 10–20 % risk of 
developing parathyroid carcinoma. Familial isolated hyper-
parathyroidism (FIHP) is characterized by multigenerational 
autosomal-dominant inheritance of PHPT in the absence of 
other manifestations of syndromic disease. No single gene 
has been identified for FIHP, but candidates have been found 
in the MEN-1, cell division cycle protein 73 (CDC73), and 
calcium-sensing receptor (CASR) genes.

PHPT may be acquired due to exposure to radiation or 
lithium. Patients with a significant head and neck exposure 
to ionizing radiation, especially at a young age have a higher 
risk of developing PHPT several decades after exposure. 
Furthermore, patients with a history of radiation exposure to 
the head and neck also are at higher risk of developing thy-
roid cancer. Lithium has been used to treat bipolar disorder, 
and is still used today, although with a lower frequency than 
in the past. Prolonged lithium exposure increases the prob-
ability of developing PHPT.

Establishing the Diagnosis of PHPT

When PHPT is suspected, the first diagnostic maneuver is 
to establish that there is a disordered homeostasis between 
calcium and PTH. Classic hypercalcemic PHPT is diagnosed 
by demonstrating that the serum calcium and PTH are si-
multaneously elevated in the absence of hypocalciuria. Some 
experts routinely measure the 24-h urinary calcium excretion 
to secure the diagnosis of PHPT and to estimate the severity 
of disease. The differential diagnosis of hypercalcemia, ad-
ditional laboratory findings, and the normocalcemic and nor-
mohormonal variants of PHPT are discussed in detail below.

Differential Diagnosis of Hypercalcemia When 
PTH Is Elevated or Inappropriate

Hypercalcemia in an ambulatory setting is usually due to 
PHPT. In a recent review of a large administrative dataset 
of outpatients with hypercalcemia, 87 % of cases were due 
to PHPT [1]. Although the differential diagnosis of hyper-
calcemia is extensive, checking simultaneous serum calcium 
and PTH levels as a first maneuver should sort out PHPT 
from the remainder of the other causes other than benign 
familial hypocalciuric hypercalcemia (BFHH), thiazide 

diuretic-induced hypercalcemia, and the extraordinarily rare 
phenomenon of ectopic production of PTH by a solid tumor.

In patients with a personal or family history that is con-
cerning for BFHH, a 24-h urine collection for creatinine and 
calcium should always be ordered. A diagnosis of BFHH is 
excluded when the 24-h urinary calcium excretion is greater 
than 100 mg. It is not always necessary to exclude the di-
agnosis of BFHH through a 24-h urine collection because 
BFHH is rare compared to PHPT, and patients with BFHH 
usually have a history that is positive for lifelong mild hyper-
calcemia in themselves and multiple family members. BFHH 
is caused by an autosomal-dominant inherited inactivating 
mutation in the calcium-sensing receptor (CaSR) gene which 
leads to increased calcium reabsorption by the kidney and 
an elevated calcium set point. Parathyroidectomy does not 
restore eucalcemia, and is not helpful in patients with BFHH. 
In patients with BFHH, the urinary calcium excretion is usu-
ally less than 100 mg per day. Also, the calcium to creatinine 
clearance ratio is usually less than 0.01.

Thiazide diuretics and lithium can both cause hypercal-
cemia with elevated PTH [15, 16]. Occasionally, the use of 
thiazides or lithium may unmask or exacerbate a previously 
subclinical case of PHPT. The treatment for thiazide-induced 
hypercalcemia is to discontinue the medication and restore 
euvolemia, and the serum calcium should return to normal. 
The first step in the management of lithium-induced PHPT is 
to discontinue the lithium if possible. Some patients will re-
turn to a eucalcemic state and be followed. If PHPT persists 
after discontinuing lithium or thiazides, patients should be 
offered a parathyroidectomy. In lithium-induced PHPT, there 
is a higher rate of multiglandular disease [17], but, interest-
ingly, approximately two thirds of cases are due to single 
adenoma, and focused parathyroidectomy has been used suc-
cessfully in selected patients [18, 19].

Although very rare, ectopic PTH production by solid tu-
mors has been described. A recent literature review identi-
fied reports of ectopic PTH production by solid tumors of 
the stomach, ovary, uterus, kidney, liver, thymus, pancreas, 
thyroid, tonsil, and neuroectodermal tissue [20]. This phe-
nomenon is so rare that it has become a diagnosis of exclu-
sion and is not routinely worked up in the evaluation of hy-
percalcemia.

Differential Diagnosis of Hypercalcemia When 
the PTH Is Low

When the PTH is very low or undetectable in a patient with 
hypercalcemia and PHPT has been excluded, other pos-
sible causes of hypercalcemia should be explored. Hyper-
calcemia of malignancy is the second most common cause 
of hypercalcemia, and is the most likely diagnosis when the 
PTH is low. Hypercalcemia of malignancy may be due to the 
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secretion of PTH-related peptide (PTH-rP) from the tumor, 
which mimics the renal and skeletal effects of PTH. The 
majority of hypercalcemic patients with solid tumors and a 
substantial percentage of hypercalcemic patients with hema-
tologic malignancy will have elevated serum levels of PTH-
rP [21]. There are many solid tumors that secrete PTH-rP, but 
the most common are squamous cell cancers of the lung, and 
solid cancers of the kidney, bladder, and ovary. Hematologic 
malignancies including non-Hodgkin’s lymphoma, chronic 
myeloid/lymphoblastic leukemia, adult T cell leukemia/lym-
phoma, and multiple myeloma may present with hypercalce-
mia due to PTH-rP. Hypercalcemia of malignancy may also 
occur in the absence of measurable PTH-rP, as it frequently 
does in multiple myeloma or with lytic bone metastases.

There are a number of pharmacologic agents which may 
cause hypercalcemia. Thiazide diuretics reduce calcium 
clearance and thereby may lead to hypercalcemia. Vitamin 
A, vitamin D, lithium, foscarnet, theophylline, aminophyl-
line, estrogens, and antiestrogens have all been associated 
with hypercalcemia. In cases of drug-induced hypercalce-
mia, the first step is generally to discontinue the medication, 
if possible.

Milk-alkali syndrome occurs with the consumption of 
large amounts of dairy and calcium carbonate. Hypercal-
cemia may be treated by discontinuing the consumption of 
calcium. This was originally described when the treatment 
for peptic ulcer disease included the consumption of large 
amount of milk and sodium bicarbonate (a.k.a. alkali).

Paget disease of the bone is characterized by excessive 
bone turnover due to pathologic osteoclastic overactivity and 
bone resorption with subsequent compensatory osteoblastic 
overactivity and new bone formation. Hypercalcemia is rare 
in patients with Paget disease, and, when discovered, PHPT 
should be ruled out. An association between immobilization 
and hypercalcemia in Paget disease has been described.

Hypercalcemia can occur after a prolonged period of im-
mobilization and has been described in patients recovering 
from orthopedic, neurologic, or burn injury.

Granulomatous diseases including sarcoidosis, histoplas-
mosis, coccidiomycosis, and tuberculosis can cause hyper-
calcemia. The best-understood granulomatous disease is sar-
coidosis. The extra-renal production of 1 alpha-hydroxylase 
by macrophages in a granuloma can lead to an increased 
rate of conversion of 25-OH vitamin D to its active form, 
1,25-OH vitamin D. Subsequently, calcium absorption is in-
creased in the gastrointestinal tract and calcium resorption is 
increased in the skeleton leading to hypercalcemia and sup-
pression of PTH.

Hyperthyroidism can cause hypercalcemia by increasing 
bone turnover, and is effectively treated by reestablishing 
a euthyroid state. VIPoma (Verner–Morrison syndrome) 
and pheochromocytoma have also been reported to manifest 
with hypercalcemia, but the cause is not known (secretion of 

PTH-rP has been suggested). Hypoadrenalism has also been 
associated with hypercalcemia but the cause is unknown.

Taking the History of a Patient  
with Hypercalcemia

Patients with hypercalcemia should be questioned about 
symptoms of disease, personal history, and family history 
pertinent to the differential diagnosis. Acquired hyperpara-
thyroidism should be suspected when the history is positive 
for radiation exposure to the head and neck region in child-
hood or prolonged usage of lithium. Inherited hyperparathy-
roidism should be suspected when there is a family history 
of hypercalcemia, hyperparathyroidism, or a syndrome as-
sociated with hypercalcemia (MEN-1, MEN-2A, HPT-JT, or 
FIHP). BFHH should be suspected when the patient reports a 
lifelong history of mildly elevated calcium, and a family his-
tory of hypercalcemia (recalcitrant to parathyroid surgery). 
Hypercalcemia of malignancy is usually associated with a 
known advanced cancer rather than an occult malignancy; 
therefore, a personal history of solid or hematologic malig-
nancies should be obtained. A history of Paget disease of 
the bone, granulomatous disease, and thyrotoxicosis should 
be specifically sought. Patients should be asked about con-
sumption of medications or supplements described above 
that may lead to hypercalcemia.

The duration and severity of disease are established by 
specifically determining the age or date of onset of hypercal-
cemia and the highest calcium that the patient has achieved. 
Significant clinical manifestation seen by the early surgi-
cal pioneers like Mandl and Cope are only seen in 5 % of 
patients in developed countries. Today, the most common 
presentation of PHPT is that of mild chronic hypercalcemia 
without episodes of acute or severe hypercalcemia. Physi-
cians should inquire about objective signs such as declin-
ing renal function, kidney stones, osteoporosis, or fragil-
ity fracture. The broad spectrum of symptoms and signs of 
hypercalcemia should be fully explored. Physicians should 
specifically inquire about a history of hypercalcemic crisis.

The classic pentad of symptoms of PHPT memorized by 
medical students is “painful bones, kidney stones, abdominal 
groans, psychogenic moans, and fatigue overtones.” Despite 
this clever mnemonic, the symptoms of hypercalcemia may 
be insidious and can go unrecognized when the disease has 
been chronic and mild. Unfortunately, this means that these 
symptoms are frequently overlooked or attributed to aging 
by patients and physicians, and the disease may go untreated. 
Chronic hypercalcemia may be associated with dyspepsia, 
gastrointestinal reflux disease, constipation, pancreatitis, 
nephrolithiasis, increased thirst, polyuria, muscle weakness, 
fatigue, lassitude, bone pain, arthralgia or myalgia, reduced 
short-term memory, depression, and a decline in cognitive 
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function. Acute severe hypercalcemia presents in a more 
dramatic fashion and is associated with dehydration, nausea, 
vomiting, renal failure, mental status changes, cardiac con-
duction abnormalities, and hypotension. Hypercalcemia of 
malignancy frequently presents with acute severe hypercal-
cemia. Parathyroid carcinoma may also present in this more 
dramatic fashion.

Physical Exam of the Hypercalcemic Patient

Most patients with PHPT will have no specific abnormal 
findings on physical exam. Parathyroid tumors are almost 
always impalpable. If a cervical mass is palpated in a patient 
with known PHPT, the likelihood is that the examiner is feel-
ing a thyroid mass. Likewise, patients are not usually aware 
of the parathyroid tumor and do not experience compressive 
or globus symptoms. Parathyroid carcinoma may be the ex-
ception to this rule if the tumor is very large, or invasive into 
the recurrent laryngeal nerve or aerodigestive tract. Recur-
rent nerve invasion from parathyroid carcinoma may also 
present with dysphonia, and a paralyzed vocal cord may be 
present on laryngeal exam.

Other physical exam findings that may accompany PHPT, 
but are not specific for the disease, include brittle nails and 
hair, signs of dehydration, diminished deep-tendon reflexes, 
and proximal muscle weakness. On slit-lamp exam, band 
keratopathy may be seen. Patients with nephrolithiasis may 
have tenderness to percussion at the costovertebral angle.

Laboratory Examination

In the evaluation of a hypercalcemic patient, the most ger-
mane laboratory examinations to obtain are total serum 
calcium, serum albumin, serum creatinine, and intact PTH. 
Many experts also routinely evaluate the vitamin D axis by 
measuring 25-OH vitamin D levels simultaneously with the 
calcium and PTH. A 24-h urine collection for creatinine and 
calcium is helpful to rule out BFHH, and is also used by 
some experts to estimate severity of disease. It may also be 
helpful to obtain an ionized calcium level in patients with a 
total serum calcium that falls within the upper limit of the 
normal reference range. The diagnosis of classic hypercal-
cemic PHPT is made by demonstrating that the serum cal-
cium and PTH are simultaneously elevated in the absence of 
hypocalciuria. The variants of classic hypercalcemic PHPT 
wherein there is a disordered homeostasis between calcium 
and PTH, but one or both still fall within the normal refer-
ence range, are discussed below.

Patients with PHPT may have low or low-normal serum 
phosphorous. Alkaline phosphorous may be mildly elevated 
due to high bone turnover. 25-OH vitamin D is usually at 

the low end of normal or low, and 1,25-OH vitamin D is 
usually at the high end of normal or high due to peripheral 
conversion from the elevated PTH. A 24-h urinary calcium 
excretion is normal or elevated. The chloride to phosphorous 
ratio is usually greater than 33. The presence of a mild hyper-
chloremic metabolic acidosis is sometimes seen. Calcium to 
creatinine clearance ratio is usually greater than 0.02.

PHPT with Normocalcemia and/or Normal PTH

In patients with hypoalbuminemia, the total serum calcium 
may be artificially low, and hypercalcemia will only be ap-
preciated when an albumin-corrected calcium level is calcu-
lated or an ionized calcium is measured. In addition, some 
patients with PHPT will have a serum calcium level and ion-
ized calcium level at the upper end of the normal reference 
range and elevated PTH. When secondary causes of PTH el-
evation are absent (e.g., renal failure, vitamin D deficiency, 
malabsorption), this condition has been described as “nor-
mocalcemic primary hyperparathyroidism” [22]. Converse-
ly, the condition where the serum calcium is elevated, but the 
PTH is within the normal reference range but inappropriately 
high, has been called “normohormonal primary hyperpara-
thyroidism” [23]. These variants of disease are recognized 
by experts in PHPT, and these patients may have the same 
symptomology and sequelae as hypercalcemic PHPT [24]. 
In addition, patients are believed to have similar benefits 
from parathyroidectomy as those patients with the classic 
presentation of disease. The trend over the past three decades 
has been that patients are being diagnosed with less severe 
disease, including having lower overall serum calcium levels 
[25]. Because patients are being diagnosed earlier and with 
milder disease forms, diagnosis is not always simple. Some 
experts rely upon nomograms that accurately predict disease 
for those patients with less classic presentations [26].

Imaging Studies in PHPT

The sole purpose of preoperative imaging studies in PHPT 
is for operative planning. Thus, parathyroid imaging is not 
performed as part of the diagnostic workup. Additionally, 
imaging has no role in patients who are not surgical candi-
dates. Institutional accuracy, availability, cost, and radiation 
exposure should be considered when selecting a preopera-
tive imaging strategy [27]. Parathyroid imaging is plagued 
by many false-negative and false-positive results, and the 
interpretation of parathyroid imaging studies is not always 
straightforward. Consequently, parathyroid imaging should 
not be used for the confirmation of a diagnosis of PHPT, nor 
should it be used to exclude or “rule out” the diagnosis. The 
sole purpose of parathyroid imaging is for the surgeon to plan 
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the operative approach. In the current era, most parathyroid 
surgeons obtain one or more preoperative imaging studies 
before parathyroid exploration; however, positive imaging 
studies are no substitute for a comprehensive understanding 
of parathyroid anatomy and embryology; therefore, it is wise 
to consider the famous axiom from John Doppman in 1986: 
“…the only localization study indicated…is to localize an 
experienced parathyroid surgeon” [28, 29].

The most commonly used parathyroid localization stud-
ies are cervical ultrasound and technetium-99 m methoxy-
isobutylisonitrile (99mTc sestamibi) scanning. The sestamibi 
scan is a functional study for the identification of overac-
tive parathyroid tissue. Overactive parathyroid tissue in ei-
ther eutopic or ectopic locations may be identified by ses-
tamibi scanning. Unfortunately, only approximately 80 % 
of patients will have successful localization with sestamibi 
scanning [30, 31]. False-positive and false-negative results 
may occur in patients with coexistent benign or malignant 
thyroid disease. Sestamibi scanning does not yield detailed 
anatomic information; however, single-photon emission 
computed tomography (SPECT) sestamibi has advantages 
over standard planar imaging in this regard, and can identify 
the depth and location of parathyroid tumors [32]. Cervical 
ultrasound reveals coexistent thyroid disease, and gives the 
surgeon precise information about the size, depth, and lo-
cation of parathyroid tumor(s). Ultrasound is less effective 
at identifying ectopic parathyroid tumors, and is not able to 
image parathyroid tumors in the chest. Ultrasound is highly 
operator dependent, and may be less effective for patients 
with a large body habitus, kyphosis, goiter, and other head 
and neck pathologies. The accuracy of ultrasound for para-
thyroid adenoma is approximately 60–80 % [31, 33, 34]. Ul-
trasound is considered by many experts to be indispensable 
because of its superior anatomic definition and the fact that 
it can be used to identify thyroid pathology that could alter 
the operative approach, or may be the cause of false-positive 
sestamibi uptake. When ultrasound and sestamibi are con-
cordant, the sensitivity for single-gland disease at that loca-
tion has been shown to be 96 % [31].

Cross-sectional imaging, including conventional com-
puted tomography (CT) and magnetic resonance imaging 
(MRI), have historically been less accurate localization stud-
ies than sestamibi scintigraphy or ultrasound with sensitivi-
ties of approximately 40–70 % [35–37]. A newer cross-sec-
tional protocol, the 4-D CT, has been used by some experts 
for preoperative localization [38], and in some centers 4-D 
CT has been found to have a greater sensitivity than sesta-
mibi scanning or ultrasound for localization of parathyroid 
adenomas, and identification of multigland disease [38, 39]. 
To illustrate the relative effectiveness of each modality, a re-
cent meta-analysis demonstrated that ultrasound has a sen-
sitivity and positive predictive value (PPV) of 76 and 93 %, 
respectively; sestamibi scanning had a sensitivity and PPV 

of 79 and 91 %, respectively; and 4-D CT had a sensitivity of 
89 and 94 %, respectively [40].

The surgeon should not be dissuaded from an index para-
thyroid exploration when localization studies fail to identify 
the location of abnormal parathyroid tissue. Nonlocalizing 
or “negative” studies neither invalidate the diagnosis of hy-
perparathyroidism nor should they be a component of the 
decision to refer the patient to a surgeon. When localization 
studies fail to reveal the site of a parathyroid adenoma, ap-
proximately 75 % of patients will be found to have single-
gland disease at bilateral exploration [41]. Because localiza-
tion studies have many false positives and false negatives, 
they are highly operator dependent, and interpretation is 
highly variable between institutions, the results of preopera-
tive imaging should never be used to either confirm or rule 
out the diagnosis of hyperparathyroidism, and should not be 
used for the selection of patients fit for surgery.

Conclusion

PHPT is driven by inappropriate autonomous PTH secretion, 
and is diagnosed by demonstrating that there is a disordered 
homeostasis between serum calcium and PTH. A 24-h uri-
nary calcium excretion is often measured to rule out BFHH, 
but may be unnecessary in cases where the patient and fam-
ily history are clear. Expert guidelines recommend the rou-
tine measurement of serum 25-OH vitamin D in patients 
with PHPT [42]. Localization studies are often obtained by 
physicians prior to any surgical consultation; however, the 
purpose of localization studies is for operative planning. Lo-
calization studies are not to be used for the confirmation or 
exclusion of the diagnosis of PHPT [43]. The reason for this 
is that there are many false-negative and false-positive re-
sults. Furthermore, the results of localization studies should 
not be used as a gating mechanism to determine when or 
if to send patients for surgical consultation. PHPT is an ar-
chetypal surgical disease. Permanent cure is anticipated for 
nearly all patients with benign sporadic disease. As the US 
population ages, appropriate use of parathyroidectomy for 
PHPT may play an important role in increasing health-care 
value by reducing costly negative health events such as fra-
gility fracture and kidney stone formation through appropri-
ately timed parathyroid surgery instead of chronic medica-
tion. Most parathyroid surgeons believe that PHPT is under-
recognized, underreported, and undertreated. A broad goal 
for those physicians who treat PHPT should be to improve 
the timing and frequency of proper diagnosis and surgical 
referral for PHPT.
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Key Summary Points

• PHPT is the most common cause of hypercalcemia.
• The cause of hypercalcemia can be most easily deter-

mined by measuring PTH.
• The majority of cases of hyperparathyroidism are spo-

radic in nature and due to a single parathyroid adenoma.
• Hyperparathyroidism may be inherited in a syndromic 

fashion or acquired.
• Normocalcemic and normohormonal variants are now 

recognized.
• Imaging studies are for the purpose of operative plan-

ning and not for confirming or ruling out the diagnosis of 
PHPT.
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Evolution of a Scientist

Richard Owen was born on July 20, 1804, in Lancaster, Eng-
land, as the son of a West India Merchant father and Hugue-
not mother [1]. He began his schooling at age six, but did 
not excel in this environment. He developed an interest in 
medicine, and in 1820 began an apprenticeship with a local 
apothecary and surgeon. Over the next few years, Owen 
worked with several surgeons, eventually obtaining an ap-
prenticeship under James Stockdale Harrison. Through Har-
rison, Owen had access to the county jail, where he began 
performing autopsies on deceased criminals and developed 
an interest in anatomy [1].

Prior to completing his apprenticeship, Owen matriculat-
ed at the University of Edinburgh in 1824 [1]. There he stud-
ied anatomy under Dr. John Barclay and took courses in both 
clinical medicine and pharmacology. Owen did not remain 

long in Edinburgh, but transferred to St. Bartholomew’s 
Hospital in London in 1825. There, at Barclay’s recommen-
dation, he was appointed to prosector for surgical training 
[1]. He passed his entrance examination for the Royal Col-
lege of Surgeons in 1826 and established a private practice 
[1].

In 1827, Owen became assistant conservator to the Hun-
terian Museum of the Royal College of Surgeons [1]. This 
museum contained the collections of John Hunter, a famous 
surgeon of the eighteenth century. Owen would help identify 
and catalogue more than 10,000 specimens in the collection 
[2]. He met and attended lectures by other famous anatomists 
and naturalists, namely Georges Cuvier and Geoffroy Saint-
Hilaire, and his interests rapidly shifted from surgery to com-
parative anatomy. In 1829, he became a lecturer in this field 
at St. Bartholomew’s Hospital, but it was his 1832 Memoir 
on the Pearly Nautilus that vaulted him to the forefront of 
contemporary anatomists. This work served as a model for 
subsequent anatomical research publications and is still ref-
erenced today when studying these creatures. Owen married 
the daughter of William Clift, the then chief at the Hunterian 
Museum, in 1835, and was promoted to head conservator of 
the museum when Clift retired in 1842 [1].

Owen’s academic and scientific résumé grew rapidly. 
Among his many international accomplishments, in 1836, 
he was appointed the first Hunterian professor of compara-
tive anatomy and physiology at the Royal College of Sur-
geons, giving 24 lectures each year until his retirement 20 
years later. These lectures were given to large audiences and 
engendered scientific interest across social classes and pro-
fessions. He helped establish the Royal Microscopical So-
ciety in 1839 and served as its first president. He received 
honorary degrees from Oxford, Cambridge, and Dublin, and 
was an honorary or corresponding member of “nearly every 
scientific society in the world [1].” Owen tutored the royal 
children at Buckingham Palace, and was given a place of 
permanent residence at Richmond Park by the queen, where 
he lived until his death. He was made a knight in the French 
Legion of Honor by Napoleon III. For reasons unknown, 

Sir Richard Owen. (Reprinted with permission from Modarari et al. 
[12]. Courtesy of the Hunterian Museum at the Royal College of Sur-
geons of England)
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he declined his first offer of English knighthood in 1842, 
though he would ultimately accept this honor in 1883 [1, 3].

During this time, he became more socially and politically 
active. He was friends with many famous artists and writers 
of the day, including Charles Dickens and Tennyson. He was 
a gifted vocalist and played the flute and violoncello, could 
recite literature and poetry, and loved the theater. In 1845, 
Owen was elected into “The Club,” an exclusive men’s din-
ing club composed of authors, artists, scientists, and states-
men. He worked on sewage and public sanitation projects, 
and in 1847 began service on a government public health 
commission to influence regulation of abattoirs and the meat 
production industry [1, 3].

By 1855, Owen had written over 250 scientific papers, in-
cluding Descriptive and Illustrative Catalogue of the Physi-
ological Series of Comparative Anatomy, a five-volume 
work that described the results of dissection of almost 4000 
specimens. To obtain material for this work, he began dis-
secting animals that died in the gardens of the Zoological 
Society, a practice that would eventually lead to his identifi-
cation of new “glandular bodies” in the neck.

It was also during this period that he became very inter-
ested in the study of fossils and evolutionary biology, an in-
terest that would both cement his fame in popular history and 
lead to his academic downfall.

On the Evolution of Natural History

Owen had become very interested in fossilized remains and 
natural history through his museum work, and by the mid-
1830s was one of the world’s foremost authorities on osteol-
ogy, comparative anatomy, and extinct species. In 1842, he 
published his Report on British Fossil Reptiles, in which he 
proposed the name “Dinosauria” to classify a distinct group 
of extinct reptiles, and supervised the creation of life-sized 
models of these creatures for public display at the Crystal 
Palace, the world’s largest glass building, in 1855. He would 
go on to describe a number of extinct species, including the 
giant moa and Archaeopteryx, the first known fossilized link 
between reptiles and birds.

Conflicts over administrative duties at the Royal College 
of Surgeons led Owen to move to the British Museum in 
1856, where he became superintendent of the Natural His-
tory Department [1]. He pushed parliament to establish a 
separate British Museum of Natural History (now known as 
the Natural History Museum), which was opened in 1881. 
Museums before this time had been primarily a repository 
of specimens for scientific research. Owen’s revolutionary 
vision was to create a place of public education, where dis-
plays were arranged by subject matter and featured speci-
mens that would most easily convey natural history to the 
general public [1].

In addition to forever changing the concept of museum 
design and function, Owen made significant contributions 
to evolutionary biology. Through his work on comparative 
vertebrate anatomy, Owen developed the concept of evolu-
tionary homology, whereby structurally similar parts of dif-
ferent species result from the evolutionary differentiation of 
a corresponding part in a shared ancestor.

Owen believed that the presence of anatomical homolo-
gies (such as vertebrate limbs) supported his evolutionary 
concept of archetypes. He defined his ancestral archetypes 
as ideas in the mind of the creator, who could foresee all po-
tential modifications of that archetype. Each archetype pro-
duced a series of species related by anatomical homologies. 
Though he initially thought that species were fixed and un-
changeable, each uniquely designed by God to be perfectly 
adapted to its environment and lifestyle, his later anatomical 
work caused him to concede that species could emerge from 
an archetype through the influence of divine laws which 
guided their evolution [4].

1000  Guineas and a Sixpenny Piece

Owen’s passion for vertebrate anatomy and his comprehen-
sive examination techniques made him the most popular 
recipient of exotic animal specimens in the world. He dis-
sected thousands of creatures, and performed dissections of 
animals that died while housed at the London Zoological 
Society. These dissections were performed in his house, and 
often took weeks or months to complete, much to the dis-
pleasure of his wife [5].

In 1834, the Zoological Society purchased a great Indian 
rhinoceros for 1000 guineas (approximately US$ 82,000 
today) [6]. When the animal died in November 1849, Owen 
took the next several months to perform careful dissection 
of the creature and prepare specimens for preservation. He 
was excited about the dissection, writing to one of his sisters:

Amongst other matters time-devouring, and putting out of 
memory mundane relatives, sisters included, has been the 
decease of my ponderous and respectable old friend…the rhi-
noceros…. His anatomy will furnish forth an immortal ‘Mono-
graph’, and so comfort comes to me in a shape in which it cannot 
be had by any of my brother Fellows. [5]

The results of his dissection were communicated to the Zoo-
logical Society in 1850 and were first published on March 2, 
1852 [5, 7]. However, the results are most easily available 
as part of a four-volume series in the Zoological Society’s 
Transactions, which was released over a 10-year period and 
assigned a final publication date of 1862 [5, 7]. In his 27-
page monograph, On the anatomy of the Indian Rhinoceros, 
Owen records in a single sentence during the description of 
the thyroid gland:
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The structure of this body is more distinctly lobular than is usu-
ally seen; a small compact yellow glandular body was attached 
to the thyroid at the point where the veins emerge. [7]

This represents the earliest description of the mamma-
lian parathyroid gland, and the specimen is still housed at 
the Museum of the Royal College of Surgeons (Fig. 1) [5]. 
Owen could not have predicted the presence of this gland, 
so its discovery, partially embedded in the thyroid gland and 
estimated to be the size of a sixpenny piece (approximately 
19 mm), speaks to the thorough nature of his technique and 
his keen eye for anatomic novelty [5]. Though he did not 
name this structure, and certainly could not have known its 
function, he thought it curious and distinct enough to report a 
second time in 1868 [8]. These structures would be rediscov-
ered in 1877 during a canine dissection by Ivor Sandström, 
and named the glandulae parathyroidea.

Evolution to Extinction

As brilliant, observant, novel, and prolific as he was, many 
of Owen’s “discoveries” unfortunately appear to have been 
reports of others’ findings that were not initially widely pub-
lished, often with no mention of the original discovery and 
no acknowledgement of the original source. A spectacular 
example of this involves his relationship with Gideon Man-
tell, another naturalist, over the classification and publication 
of extinct species of giant reptiles. Mantell had discovered 
many of the earliest known species, but it was Owen who 
coined the term “dinosauria” and who presented many of the 
discoveries as his own, with no credit to Mantell. He con-
tinued to attack Mantell’s scientific credibility and suppress 
publication of his works until Mantell died, at which time 
his spine was removed, preserved, and placed in the Royal 
College of Surgeons’ museum under Owen’s supervision [9].

Owen was not only frequently accused of plagiarism but 
also of reproduction and republication of his own previous 
works, most often without updating the manuscripts to re-
flect advancements in scientific knowledge since their origi-
nal publication. This led to some of his later works being 
perceived as erroneous, which further damaged his scientific 
reputation [1]. This practice of “double publication” also 

makes it difficult to determine the exact date of many of his 
scientific discoveries [1]. The final blow to Owen’s reign as 
England’s premier anatomist, however, came from his very 
public battles with Darwin and his supporters over the novel 
concept of natural selection.

Fresh from his voyage on the Beagle, Charles Darwin 
first met Owen in 1836 when he brought the preeminent 
anatomist fossils from South America to examine. The two 
remained cordial for over 20 years, but the evolutionary 
theories Darwin outlined in On the Origin of Species (and 
possibly Darwin’s omission of Owen’s own theories from 
the work) in 1859 seemed to greatly anger Owen.

Though Owen never clearly and completely articulated an 
independent theory of evolution, he did believe that it must 
be a divinely ordained process. In an anonymous review of 
On the Origin of Species, universally credited to Owen, the 
author states that he could not accept the concept of a “se-
lective force exerted by outward circumstances [1].” In par-
ticular, Owen vehemently denied that humans could be de-
scended from apes. In support of his position, Owen touted 
both differences in relative sizes of ape and humans brains as 
well as the absence of certain structures (primarily the hip-
pocampus minor) in ape brains to prove Darwin and his sup-
porters wrong. Owen’s public denouncements of Darwin’s 
theories greatly angered Thomas Huxley, another anatomist 
and ardent Darwin supporter. Huxley and Owen engaged in 
a very public battle of personal and scientific integrity, with 
Huxley ultimately proving the similarities between ape and 
human brains [10] and winning the war in both the halls of 
science and the court of public opinion.

Owen retired from active practice at the museum in 1883, 
but he continued to publish until 1888. He spent his retire-
ment in the company of his grandchildren and documenting 
findings from his cottage gardens until his death on Decem-
ber 18, 1892.

History is written by the victors, and while many of Ow-
en’s original works are available for review in archives, most 
of what was written about him was published posthumously 
by Darwin’s supporters. While there seems to be little dis-
agreement that he was a man who did not shy from con-
troversy and confrontation, he was likely not the scientific 
villain he is sometimes characterized to be [2]. Rather, Owen 
tried to fit the findings of the natural world and fossil record 
into the religious and social framework of his time, efforts 
that may have prevented him from appreciating what the 
evidence was really telling. Additionally, the world was a 
complex, rapidly changing place during Owen’s later career; 
the animosity afforded him by critics like Huxley may have 
stemmed as much from a new generation of scientists trying 
to establish their reputations and ethos as from Owen’s own 
scientific misconceptions and transgressions [11]. Owen’s 
reputation has improved in recent decades, as many contem-
porary scholars of Victorian paleontology have found sym-

Fig. 1  Specimen of Owen’s 
dissection of the rhinoceros 
larynx, with the arrow in-
dicating the location of the 
parathyroid gland. (Reprinted 
with permission from Moda-
rari et al. [12]. Courtesy of 
the Hunterian Museum at the 
Royal College of Surgeons of 
England)
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pathy for his complex position [2, 11]. Despite efforts during 
his time to discredit him, Owen will always be remembered 
as the man who brought us to the museum, showed us the 
dinosaurs, and found the parathyroid gland.
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Fuller Albright. (Photograph from March/April 1970 edition of the Har-
vard Medical Alumni Bulletin)

Fuller Albright was a giant in the field of endocrinology who 
made landmark contributions to the understanding of many 
diverse conditions, including postmenopausal osteoporosis, 
gonadal function, and Cushing’s syndrome [1]. However, he 
is best known for his investigation of calcium metabolism, 
the primary focus of his earlier career.

Albright was born in Buffalo, NY, on January 12, 1900. 
He attended Harvard College, followed by Harvard Medical 
School in 1921, and then completed his medical training in 
Internal Medicine at The Massachusetts General Hospital. 
Albright was mentored by Dr. Joseph Aub, a clinical scien-
tist in endocrinology [1]. Between 1928 and 1929, Albright 
spent 1 year in Vienna studying under the pathologist Dr. 
Jacob Erdheim, who was credited with establishing the re-

lationship between the parathyroid glands and calcium ho-
meostasis [1]. It may have been during this time that Albright 
developed his interest in calcium metabolism.

In 1944, Dr. Albright gave the presidential address at the 
annual meeting of the American Society for Clinical Investi-
gation [2]. He discussed the difficulties of clinical investiga-
tion, which he described as “trying to ride two horses—at-
tempting to be an investigator and a clinician at one and the 
same time.” He warned of the “danger on one side that he, as 
a clinician, be swamped with patients” versus the danger that 
“he, as an investigator, be segregated entirely from the bed-
side.” Dr. Albright attained success as a clinical investigator 
by skillfully combining these two roles. In his lifetime, he 
had 118 scientific publications and was credited with being 
the first to describe 19 new syndromes or disease manifesta-
tions [3].

Dr. Albright offered advice for success in combining 
practice and the laboratory in his cartoon, which he titled 
“The Do’s and Do-Not’s along the road leading to the castle 
of success in clinical investigation” (Fig. 1) [2, 4]. His list of 
the ten “Do’s” included not only “measure something…make 
charts…[and] interpret data” but also such key elements as 
“look from all sides…[and] backing without strings.” Impor-
tantly, his “Don’t” list admonished against being “fooled by 
numbers” or a “slave to theory.” Albright followed these pre-
cepts dutifully. Upon his return to the Massachusetts General 
Hospital in 1929, he began work in the clinical investigation 
of calcium metabolism. He conducted experiments involv-
ing detailed measurements of dietary intake and urinary and 
fecal output to clarify metabolic pathways [1]. Dr. Albright 
understood the importance of precise measurements in clini-
cal investigation. His meticulous calcium balance studies 
shed light on then little known pathways involved in calcium 
and phosphate metabolism, and on the effects of parathyroid 
hormone. Albright’s accomplishments are even more im-
pressive, given the resources available for his studies in the 
1920s. His investigations were limited to the measurement 
of calcium and phosphorus in blood, urine, and feces, and 
the use of a parathyroid hormone extract [5]. Assays for mea-
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surement of parathyroid hormone had not yet been devel-
oped nor would they be until the work of Berson and Yalow 
40 years later [5, 6].

In a series of papers entitled “Studies on the physiology 
of the parathyroid glands,” Dr. Albright and his colleagues 
described the results of their detailed metabolism studies. 
One of the papers focused on a case of hypoparathyroidism 
[7]. Dr. Albright admitted a young man with presumed idio-
pathic hypoparathyroidism. The report charts measurements 
for every 8 hours of the 27-day study period. Fluid intake 
and output were reported along with calcium and phosphorus 
intake and output. Parathyroid hormone was administered to 
the patient four times. Dr. Albright and his coinvestigator, Dr. 
Read Ellsworth, observed that administration of parathyroid 
hormone led to an increase in serum calcium and a decline 
in serum phosphorus, and an increase in urinary phosphorus 
excretion. There was an initial decrease in urinary calcium 
excretion, followed by a sudden increase in excretion (once 
the serum calcium level reached approximately 8.5 mg/dL) 
[7]. Further experiments, with data collection every hour, 
were conducted to better elucidate the exact time course of 

these events, and showed that parathyroid hormone effects 
were evident within the first hour.

In another paper in the series, the effect of parathyroid 
hormone was explored in normal subjects [8]. Similar tech-
niques were employed as in the prior study. Patients were ad-
mitted and maintained on a low-calcium diet. Measurements 
of calcium and phosphate intake and output were conducted 
over several days and the response to an infusion of para-
thyroid hormone extract assessed. The observations were 
similar: parathyroid hormone increased serum calcium lev-
els, increased urinary calcium and phosphorus excretion, and 
lowered serum phosphorus levels. They did note that with 
significant hypercalcemia, a rise in phosphorus can be seen.

Dr. Albright later went on to apply these observations to 
patients with primary hyperparathyroidism. One of the earli-
est and surely the best-known cases of primary hyperpara-
thyroidism involved the patient Captain Martell (Fig. 2). The 
picture highlights the dramatic effect of untreated primary 
hyperparathyroidism on the skeleton over the course of a de-
cade. Fuller Albright played a key role in the studies on this 
patient, the results of which provided invaluable insight into 
the pathophysiology of primary hyperparathyroidism. Cap-
tain Martell first presented to Bellevue Hospital in New York 
City in January 1926 with loss of height and fractures [9]. In 
1918, he was a 6-ft 1-in. merchant mariner. Over the course 
of the year, he lost height and developed a protruding chest. 
He also complained of muscle weakness and frequent “thick 

Fig. 2  Patient Captain Martell. (From [9]. Licensed content date1969. 
Reprinted with permission from The Endocrine Society)

 

Fig. 1  Fuller Albright’s “Do’s and Do Nots” for a successful career 
in clinical investigation. (From [2]. Reprinted with permission from 
American Society for Clinical Investigation)
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white gravel” in his urine [10]. By 1926, at age 30, he was 
5’6” with the marked kyphosis shown in the right panel of 
Fig. 2, and he had suffered multiple fractures. He was hos-
pitalized for over 2 months. Testing confirmed an elevated 
serum calcium, and metabolic studies confirmed excessive 
calcium excretion, well beyond his intake. Based on prior 
studies on the effects of administering parathyroid hormone 
to dogs, hyperparathyroidism was suspected. Dr. Albright 
noted that “the tentative diagnosis of an overproduction of 
parathyroid hormone (hyperparathyroidism) was made for 
the first time in this hemisphere, for the second time in the 
world” [9]. The patient was referred to Massachusetts Gen-
eral Hospital, where he was first under the care of Dr. Aub 
and Dr. Bauer, and later Dr. Albright. In 1948, when discuss-
ing this case, Albright noted that he did not mention his own 
name along with those of Aub and Bauer, not “because of 
modesty” but because he joined Dr. Aub’s group after the 
diagnosis was established [9]. While this may be true, it was 
Albright’s further metabolic studies that were instrumental 
in expanding the understanding of primary hyperparathy-
roidism.

In a paper entitled “A case of osteitis fibrosa cystica (os-
teomalacia?)” with evidence of hyperactivity of the parathy-
roid bodies,” Albright and his colleagues demonstrated that 
Captain Martell’s calcium metabolism, while on a low cal-
cium diet, was similar both “qualitatively and quantitatively” 
to that of normal subjects receiving parathyroid hormone 
extract [11]. They concluded that Captain Martell’s calcium 
and phosphorus metabolism was the same as that of normal 
subjects receiving large doses of Collip’s extract or parathy-
roid hormone. Captain Martell went on to have two surger-
ies to remove two parathyroid glands. Although he was not 
cured, the metabolic studies described above led Dr. Albright 
and colleagues to conclude that he did in fact have hyper-
parathyroidism. The monograph included multiple X-rays 
of various bones to help characterize the bone disease asso-
ciated with primary hyperparathyroidism known as osteitis 
fibrosa cystica. They noted the “mottled” appearance of the 
skull, generalized “decalcification and coarse trabeculation” 
in his hands, thinning of the cortex of bones in his shoulder, 
and the presence of “cysts” in his bones. These features char-
acterize the impact of classic primary hyperparathyroidism 
on the skeleton. Captain Martell ultimately underwent six 
unsuccessful surgeries. His seventh parathyroid exploration 
was successful in finding a parathyroid tumor behind his 
sternum, but Captain Martell died shortly thereafter [9].

In 1934, Dr. Albright published a seminal case series 
detailing 17 patients with proven hyperparathyroidism, the 
largest case series of hyperparathyroidism at that time [12]. 
He wrote that the purpose of the paper was to clarify the 
early symptoms of the disease and an approach to its diagno-
sis. The paper carefully details expected findings, including 
blood and urinary calcium and phosphorus levels, skeletal 

and renal imaging, as well as clinical features including the 
presence of kidney stones. It went on to describe the surgical 
approach to primary hyperparathyroidism, detailing location 
and size of the parathyroid adenomas removed, and the “ex-
traordinary” improvement in patients’ symptoms following 
surgery. They also described the risk of postoperative hypo-
parathyroidism. Through careful study of these patients, they 
were able to provide one of the earliest and most comprehen-
sive descriptions of classic primary hyperparathyroidism and 
its effects on the skeleton and kidney.

While this initial case series included mention of hyper-
parathyroidism due to four-gland hyperplasia, he expanded 
on this topic a few years later, after having seen six cases of 
four-gland disease [13]. Dr. Albright and his colleagues (in-
cluding Oliver Cope) concluded that surgery with removal 
of all parathyroid tissue except “about 200 mg” can lead to 
a permanent cure, although they acknowledged that the ap-
propriate amount of parathyroid tissue that should be left 
in place was not yet clear. In 1948, Albright and colleagues 
published “The Parathyroid Glands and Metabolic Bone 
Disease: Selected Studies,” a book that collects in one place 
his landmark work on parathyroid gland health and disease. 
It remained an important resource for many years.

Dr. Albright’s understanding of calcium metabolism en-
abled him to make many other important discoveries in this 
area. For example, he is credited with first hypothesizing that 
ectopic hormone production was the cause of the hypercalce-
mia of malignancy [4]. At a conference in 1941, the case of 
a 51-year-old man with hypercalcemia and hypophosphate-
mia was presented. The man underwent a failed parathyroid 
surgery and was ultimately found to have bony metastasis 
from renal cell carcinoma. Radiation treatment of his tumor 
resulted in normalization of serum calcium and phospho-
rus. Dr. Albright hypothesized that the tumor was produc-
ing parathyroid hormone (PTH) [4, 14]. An early assay for 
PTH was negative. Although this result may be explained by 
inadequate assay technology, we now know that the hyper-
calcemia in this patient was due to PTH-related peptide. Al-
bright’s concept of ectopic hormone production as the cause 
was accurate.

Dr. Albright’s contributions span multiple different areas 
of endocrinology. For example, in 1937, he was the first to 
describe the condition now known as McCune–Albright. 
Another disease that he described and now carries his name 
is Albright hereditary osteodystrophy [1]. It was also he who 
hypothesized that estrogen deficiency plays a key role in the 
development of postmenopausal osteoporosis [1].

Around 1936, Dr. Albright first noted a hand tremor and 
soon after he was diagnosed with Parkinson’s disease [4]. His 
disease progressed, and by 1940 he had trouble with writ-
ing, followed by gait difficulty. He required assistance with 
many daily tasks. In the early 1950s, he began to complain 
of intellectual deficits. He sought treatment from a neurosur-
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geon, Dr. Irving Cooper, regarding a chemopallidectomy for 
Parkinson’s disease. Although Dr. Cooper and Dr. Albright’s 
other physicians advised him against surgery, he ultimately 
decided to proceed and underwent a right-sided procedure 
in June 1956. His symptoms improved immediately postop-
eratively; however, on the third postoperative day, he had an 
acute hemorrhage [3]. He was left in a nonfunctional vegeta-
tive state until his death in December 1969, at age 69 [1]. 
While Fuller Albright is remembered as a giant in the field 
of calcium metabolism as well as for his many other contri-
butions to the field of endocrinology, he is also remembered 
for his courage in the face of a disabling disease and, as his 
friend Dr. Henneman wrote, for his “constant sense of gentle 
humor” [3, 4].
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J. B. Collip as Dean of Medicine, in his office at the University of 
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ern University, Western Archives, History of Medicine Collection, 
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James Bertram (Bert) Collip was born in Belleville, Ontario, 
Canada, on November 20, 1892. He had a great interest in 
chemistry, and must have been an exceptional student, as 
he entered Trinity College of the University of Toronto at 
the age of 15. He apparently wanted to study medicine, but 
was too young to enter medical school. He therefore enrolled 
in the honours biochemistry and physiology degree program 
that allowed entry into the later medical years. He excelled 
there, inspired by A. B. Macallum, the first biochemistry 
professor in Canada. After graduating at the top of his class, 
Collip chose to pursue a graduate degree rather than medi-
cine, receiving his PhD in 1916 for studies of hydrochloric 
acid production by the gastric epithelium (Fig. 1).

J. B. Collip at the University of Alberta

In 1915, Collip was offered a teaching and research lec-
tureship position in biochemistry in the new medical school 
at the University of Alberta, in Edmonton. The position 
there made strong teaching demands on him, but Collip’s 
research program quickly became very productive. He was 
promoted to assistant professor in 1917 and to associate 
professor 2 years later. He was also given the opportunity 
to visit other laboratories, and cultivate new areas of inter-
est—a great start to a research career that was particularly 
notable for his ability to quickly move from one area of 
enquiry to another.

Following the First World War, the Rockefeller Founda-
tion awarded large grants to enhance medical education in 
Canada. In late 1920, Collip received a Rockefeller Foun-
dation Travelling Fellowship, which was to afford him a 
lengthy (15-month) sabbatical from teaching while he vis-
ited three prominent scientists’ research laboratories to focus 
on the biochemistry and physiology of his two main inter-
ests: respiration and the “glands of internal secretion” (endo-
crinology). The initial plan for use of the award was to spend 
6 months with Professor J. R. R. Macleod at the University 
of Toronto; 6 months with Professor D. O. van Slyke, at the 
Rockefeller Institute in New York; and 4 months with Sir 
Henry Dale at the National Institute for Medical Research 
in Hampstead. He chose to first visit Macleod’s laboratory 
at the University of Toronto, to study the effect of acid–base 
balance on blood sugar. During this time, he met with Dr. 
Frederick G. Banting and Mr. Charles H. Best who had 
begun their studies in Macleod’s laboratory, searching for 
the glucose-active hormone of the pancreas, and offered ad-
vice on blood glucose measurements for Banting’s planned 
dog studies. The possibility of an offer of a faculty position 
at Toronto caused Collip to shorten his planned time in the 
USA so that he could return to Toronto for the 1921–1922 
academic year. He did spend the summer of 1921 at the 
Centre for Marine Biology at Woods Hole and at the Rock-
efeller Institute, where he continued his studies of mollusc 
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 respiration and also acquired expertise in a newer method of 
blood glucose measurement.

Collip returned to Toronto in the fall of 1921, and the 
events that followed shaped the rest of his research career. 
He was invited to become involved in the work that Banting 
and Best were carrying out with pancreatectomized dogs. 
They had succeeded in preparing a pancreatic extract that 
lowered the blood sugar in these newly diabetic dogs. Collip 
helped the team show that the pancreatic extract increased 
glycogen stores, and showed that the extract lowered blood 
glucose in normal rabbits, allowing the establishment of a 
bioassay to calibrate the potency of the pancreatic extracts. 
Injections of large doses of the extracts were observed to 
cause fatal convulsions in the animals. It was Collip who 
shrewdly deduced that the cause of the convulsions was hy-
poglycaemia, and the animals could be rescued by glucose 
administration. Collip then set about improving the yield 
of insulin in the extraction process and did so by increasing 
the concentration of ethanol in the extraction solution. The 
highly purified extract was used in a successful clinical test 
in January 1922. For a short period of time, Collip lost his 
ability to purify the extract, as he had broken a biochemist’s 
cardinal rule of keeping an accurate record of his methods, 
but eventually the technique was recovered. Successful clini-
cal testing of the extracts continued, and a manufacturing 
agreement with Connaught Laboratories in Toronto and Eli 
Lilly and Company in Indianapolis allowed a rapid increase 
in the manufacturing capabilities of insulin, for which there 
was an immediate huge demand. The research group debated 
the ethics of whether they should apply for a patent, and fi-
nally decided to do so under the names of Collip and Best, 

with the patent being assigned to the University of Toronto. 
The  royalties from this patent were to provide significant 
research support to Collip’s laboratory for many years af-
terward.

During much of his stay in Toronto, Collip was in nego-
tiations with the University of Alberta regarding the nature 
of his appointment and remuneration there, and he used job 
offers from other centres as a bargaining chip. The negotia-
tions continued through most of his stay in Toronto, but it 
was finally agreed that when he returned to the University of 
Alberta he would have a full professorship, the headship of 
the soon-to-be-formed Department of Biochemistry, and in-
creased laboratory assistance. The results of the clinical test-
ing of insulin were presented in May of 1922, at the Royal 
Society of Canada, and Collip returned to Edmonton shortly 
thereafter.

The discovery of insulin brought the Nobel Prize in 
Medicine to Banting and Macleod, and immediate fame 
to all members of the research team. Recognizing the po-
tential clinical importance of glandular extracts, Collip 
switched his research focus away from respiration and 
molluscs. The desire to have a more clinical focus to his 
research probably contributed to his decision to complete 
a medical degree at the University of Alberta. Because of 
his PhD in biochemistry and physiology, he was only re-
quired to complete the final two clinical years of medicine, 
obtaining his MD in 1926. Amazingly, he completed these 
clinical training requirements, while carrying out some of 
his best research.

Shortly after the success with insulin, and before his work 
on the parathyroid hormone (PTH), Collip prepared an insu-
lin-like extract from plants, which he named glucokinin. De-
spite an optimistic paper in the Journal of Biological Chem-
istry [1], and several follow-up studies, glucokinin failed to 
live up to his hopes. When toxicity problems became appar-
ent, Collip abandoned this line of research in favour of stud-
ies of the parathyroid: the extraction of biologically active 
PTH, and the characterization of its major physiological ef-
fects on calcium metabolism.

Why did Collip choose the parathyroid and calcium as his 
next line of enquiry? His research career was characterized 
by major directional shifts, but this was not his first ven-
ture into calcium metabolism. Prior to his work on insulin 
in Toronto, in the course of his earlier studies of respiration, 
he had published experiments in which he correctly identi-
fied hypocalcemia as a cause of tetany [2]. Also, in the early 
twentieth century, hypoparathyroidism and its resultant tet-
any was becoming a fairly common and occasionally fatal 
medical complication of the increasing numbers of thyroid-
ectomies performed for goitre, nodular thyroid disease, and 
hyperthyroidism. Collip’s work on hospital wards as a part-
time medical student undoubtedly kindled his interest in this 
important problem.

Fig. 1  James Bertram Collip—pioneer of Canadian endocrinology 
(1892–1965) around the time of his work on the parathyroids. Undated, 
but probably in the late 1920s, at University of Alberta or not too long 
after moving to McGill. (Photo used with permission from Western 
University, Western Archives, History of Medicine Collection, London, 
Ontario, Canada)

 



141James Bertram Collip

Considering the success of bovine pancreatic extracts in 
treating insulin deficiency, it was probably quite logical for 
Collip to consider a similar approach to the major problem 
of tetany post thyroidectomy. He soon prepared parathyroid 
tissue extracts, which he then used to clearly demonstrate the 
importance of the PTH in regulating extracellular fluid cal-
cium concentrations. He tested his extract in thyroparathy-
roidectomized dogs, and showed it could prevent or treat tet-
any by raising the blood calcium [3]. There was an alternate 
theory for the aetiology of tetany, that the parathyroid was 
involved in guanidine metabolism and that tetany was the 
result of guanidine toxicity. However, Collip showed con-
clusively that the tetany associated with hypoparathyroidism 
was due to hypocalcaemia and not guanidine toxicity [4].

Unfortunately, although he probably thought so at the 
time he was doing his experiments, Collip was not the first 
to describe a biologically active extract from parathyroid 
tissue. Adolph Hanson, a physician working entirely on his 
own, had described a nearly identical extraction process, and 
had published his method in 1923 [5]. A rather bitter con-
flict arose over who had priority. As a very successful rising 
star in his field, Collip had a much wider audience for his 
presentations and publications in this area. Hanson’s extract 
may not have been of as high quality as Collip’s, but later 
patent rulings decided in his favour. For excellent and more 
detailed accounts of the development of parathyroid extracts, 
the battles for recognition, and the importance of these bat-
tles in the commercial manufacture of parathyroid extracts, 
the reader is referred to the excellent books by Alison Li [6] 
and Jörgen Nordenström [7], which I have used as resources 
for much of the information in this chapter.

Regardless of priority, Collip clearly had by far the best 
understanding of how to test the parathyroid extract, and he 
was able to present his findings at meetings of the major sci-
entific societies of the time. He used his extract to make a 
number of significant advances in our understanding of para-
thyroid physiology. His extraction method led the way to re-
finements of the purification steps that allowed the complete 
amino acid sequencing of PTH 50 years later, and his extract 
was marketed by Eli Lilly and Company into the latter part 
of the twentieth century. In addition to clearly demonstrating 
the primary role of PTH in raising the blood calcium, and 
preventing tetany, he developed a bioassay/unit system for 
calibrating doses of the extract. He showed that overdosing 
dogs with the extract caused hypercalcemia and death [8]. 
Collip also made the astute observation that, in dogs made 
hypercalcaemic by large doses of the extract, temporary clin-
ical improvement could be achieved by infusion of fluids: 
“It has been shown that overdosage phenomena deliberately 
produced in dogs are favourably influenced by intravenous 
saline or glucose but this treatment, though helpful, has by 
no means the virtues of an antidote” [9].

In Fuller Albright’s presidential address to the annual 
meeting of the Association for the Study of Internal Secre-
tions in 1947, he detailed the research trail leading to the 
first North American patient to have parathyroid surgery. He 
credited Collip’s clear demonstration of the hypercalcaemic 
effects of excess PTH as being instrumental in the decision 
to proceed with neck surgery in hopes of curing Captain 
Martell’s hyperparathyroidism. As Albright said in his dis-
cussion of the preparation of a biologically active extract of 
parathyroid tissue, “…But Collip did not stop there. The in-
quiring mind always goes on…” [10].

Collip believed the major effect of PTH was on bone. 
Later, when Collip had moved to head the biochemistry de-
partment at McGill University and had assembled an out-
standing research team, his colleague and collaborator, Dr. 
Hans Selye, performed histologic studies clearly demon-
strating the anabolic effect of PTH on bone [11]. This obser-
vation seems to have been ignored for many years, but now 
PTH and its biologically active analogue, teriparatide, are 
utilized in the treatment of osteoporosis.

By the mid-1920s, Collip was recognized as an outstand-
ing endocrine researcher. In 1925, he was elected president 
of the Association for the Study of Internal Secretions, which 
later became the Endocrine Society. His work with PTH ce-
mented his stature in the field, and he received offers to join 
the Mayo Clinic and McGill University. The offer from Mc-
Gill was to head the Department of Biochemistry, replacing 
his mentor, Professor A. B. Macallum, who had wanted to 
retire from administrative duties. Collip decided in favour of 
McGill and left the University of Alberta in 1928.

J.B. Collip at McGill University

Collip joined McGill at a time when there was strong support 
for developing the basic medical sciences in order to regain 
the prestige McGill had enjoyed in the days of William Osler. 
His recruitment most certainly met this goal. The medical 
school constructed a new building for biological sciences, 
and Collip was given ample space and facilities to expand 
his research program. His royalties from insulin came with 
him to McGill and continued to enhance his ability to fund 
research. McGill supported recruitment to his department, 
and an important addition was Dr. David Thomson, who col-
laborated in research, and perhaps more importantly, took 
on much of the teaching duties, freeing Collip to focus more 
on research. Collip was able to recruit a number of promi-
nent scientists into the research group, perhaps most notably 
Hans Selye, and outstanding graduate students such as J. S. 
L. Browne, who went on to an illustrious career in clinical 
endocrine research and leadership of the Medical Research 
Council of Canada.
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The 1930s were probably Collip’s most productive re-
search years. The work with PTH continued, but initial new 
research focus was on hormones that could be extracted 
from the placenta. His laboratory developed two extracts 
that generated commercial interest. The most important was 
an  oestrogen-like compound they called Emmenin, which 
was active when taken orally, and with the collaboration 
of a local pharmaceutical company, Ayerst, McKenna and 
Harrison, became an important oral oestrogen preparation 
for clinical use. Emmenin was eventually to be replaced 
by the more potent oestrogenic agent, Premarin, but was 
a significant source of royalties, which further aided Col-
lip’s  research team. The other was an anterior pituitary-like 
extract which they called APL, and had actions similar to 
pituitary gonadotropins. Selye proved to be an expert in pre-
paring hypophysectomized rats, which allowed the research 
group to test APL’s effects on gonadal function.

The work with Emmenin and APL facilitated the McGill 
group’s exploration of the hormones of the pituitary gland. 
Over the decade of the 1930s, the research team, led by Col-
lip and Selye, was able to refine pituitary extracts to obtain 
reasonably pure components representing growth hormone, 
thyroid-stimulating hormone (TSH) and adrenocorticotropic 
hormone (ACTH), which they were able to test in their abun-
dant supply of hypophysectomized rats. During the middle 
to latter part of the decade, Collip endeavoured to create an 
institute of endocrine research, similar to Wilder Penfield’s 
Montreal Neurological Institute, but these efforts failed. To-
ward the end of the decade, the team began to go separate 
ways, with Selye and Collip disagreeing on the direction the 
research should take. Selye left the group and joined the De-
partment of Anatomy at McGill in 1941, while Collip left the 
Department of Biochemistry to take up a new endowed posi-
tion as the Gilman Cheney Chair of Endocrinology and the 
head of McGill’s new Research Institute of Endocrinology.

As his success grew, so did the demands on Collip’s time 
away from the laboratory. In 1938, he began work with the 
Canadian National Research Council’s Associate Commit-
tee on Medical Research, the forerunner of the Medical Re-
search Council of Canada (now the Canadian Institutes of 
Health Research). This group was chaired by Frederick Ban-
ting, and after Banting’s death in 1941, Collip replaced him 
as chairman. The same year, his responsibilities at McGill 
expanded as he was appointed director of the McGill Insti-
tute of Endocrinology. During the Second World War, Collip 
supervised medical war research at the National Research 
Council. This included activities such as working to improve 
the production of the newly discovered penicillin. In 1946, 
he became the first director of the Division of Medical Re-
search of the National Research Council, a position he held 
until 1957.

J. B. Collip at the University of Western Ontario

In 1947, Collip was offered the position of Dean of Medi-
cine and head of the Department of Medical Research at the 
University of Western Ontario (now Western University) in 
London, which he accepted. During his tenure as dean, the 
research facilities and activity at Western expanded. His re-
search assistant, Arthur Long, who had been with him since 
the early 1920s in Edmonton and had come with him to Mc-
Gill, also followed him to administer the Collip laboratory 
in London. Others, like Dr. Robert Noble, also followed him 
to London—a testament to the kind of loyalty Collip could 
inspire. At Western, Collip did not return to “the bench” 
himself, but provided leadership and counsel to his young-
er colleagues. After his retirement as Dean of Medicine in 
1961, he continued as head of the Department of Medical 
Research. He unfortunately did not have a long retirement, 
passing away shortly after suffering a stroke in 1965.

Collip received many honours during his lifetime. He 
received 12 honorary degrees from universities in the UK, 
Canada and the USA. He was made a Commander of the 
Order of the British Empire in 1943, and for his work as 
medical liaison officer to Washington during the Second 
World War, he was awarded the Medal of Freedom with Sil-
ver Palm by the US government in 1947. He was nominated 
for a Nobel Prize six times between 1928 and 1951. His best 
chance for winning a Nobel Prize was probably for his work 
with PTH, but the controversy surrounding the assignment 
of whose extract had priority undoubtedly worked against 
his candidacy. As a researcher, he was described as some-
one who went after the big problems, and after grasping the 
early answers, he would move on to another area of interest, 
leaving the sorting out of the details to others. His legacy, 
however, was huge. The four Canadian universities where 
he carried out his research benefitted tremendously from his 
presence, while he was there, and he made a lasting contribu-
tion to the establishment of a system of government-support-
ed medical research in Canada. In the 1960s, at the entrance 
to the then-new medical building at the University of West-
ern Ontario is the following tribute to Dr. Collip: “Pioneer 
in the Biochemistry of the Endocrine System and Dean of 
the Faculty of Medicine 1947–61. To this great Canadian, in 
recognition of outstanding service to medical science and the 
welfare of mankind, the research laboratories of this building 
are affectionately dedicated.”
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Indications for Parathyroidectomy

Parathyroidectomy is indicated for the surgical treatment 
of many patients with primary, secondary, or tertiary hy-
perparathyroidism (HPT). Considerable controversy exists 
regarding the appropriateness of surgery in patients with as-
ymptomatic disease and even regarding the definition of the 
term “asymptomatic” in this context [1]. With careful ques-
tioning, the vast majority of patients with “asymptomatic” 
primary HPT will report symptoms directly attributable to 
their disease. Nevertheless, three separate consensus confer-
ences over the past 20 years have largely understated many 
of the constitutional symptoms known to derive from prima-
ry HPT. Not surprisingly, these consensus conferences un-
derstated the benefits of parathyroidectomy when they cre-
ated guidelines for mandatory surgical referral. In the most 
recent edition of the guidelines for management of patients 
with asymptomatic primary hyperaparathyroidism [2], only 
young age (less than 50 years), serum calcium level higher 
than 1 mg/dL above the upper limit of normal, creatinine 
clearance less than 60 mL/min, osteoporosis at any site or a 
previous fracture, and nephrolithiasis were absolute indica-
tions for parathyroidectomy.

Unfortunately, these guidelines are often inappropri-
ately used as criteria for referral for parathyroidectomy in 
symptomatic patients. As a result, many symptomatic pa-
tients who might benefit from surgery, but do not meet any 
of the criteria above, are not referred for surgical consulta-
tion. Interestingly, the first line in the consensus manuscript 
states that “all patients with biochemically confirmed pri-

mary hyperparathyroidism who have specific symptoms or 
signs of their disease should undergo surgical treatment.” 
Additionally, the statement that “surgery is also indicated 
in patients for whom medical surveillance is neither desired 
and nor possible” is also often missed. Because of the low 
surgical morbidity, the high cure rate, the lack of acceptable 
nonsurgical alternatives, and the improvement in quality 
of life that most patients realize following parathyroidec-
tomy, many surgeons consider surgery a reasonable option 
for asymptomatic primary HPT. In our view, the decision to 
withhold parathyroidectomy should only be made following 
a detailed discussion of the risks and benefits of the pro-
cedure, and therefore should not be made without surgical 
consultation.

The indications for parathyroidectomy in patients with 
secondary HPT or tertiary HPT are even less clear. Accord-
ing to the most recent edition of the National Kidney Foun-
dation’s consensus statement [3], patients with stage 5D 
chronic kidney disease (CKD; on dialysis) should maintain 
their intact parathyroid hormone (PTH) levels in the range 
of approximately two to nine times the upper limit of normal 
using a combination of calcitriol, vitamin D analogues, and 
calcimimetics (recommendations 4.2.3 and 4.2.4). In patients 
with CKD who fail to respond to pharmacologic therapy, 
parathyroidectomy is suggested. Other indications for sur-
gery in secondary HPT include renal osteodystrophy, diffuse 
musculoskeletal pain, calciphylaxis, a calcium × phosphorus 
product greater than 70, and unrelenting pruritus.

Preoperative Preparation

Biochemical Studies

Surgeons should carefully review the biochemical study re-
sults for HPT. As described in detail in Chap. 20, the diag-
nosis is made by demonstrating inappropriately high PTH 
level relative to a simultaneously drawn serum calcium 
level. It is not rare for patients with nonrenal secondary HPT 
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to be erroneously referred for parathyroidectomy, and it is 
the surgeon’s responsibility to ensure that the preoperative 
diagnosis is accurate. In our own center, we found that 20 % 
of patients who were referred for parathyroidectomy were 
misdiagnosed and did not require surgery. More than half of 
those patients already had imaging studies that were often 
falsely positive [4].

Imaging

Once the biochemical diagnosis of primary HPT is con-
firmed, and the patient is considered to be a candidate for sur-
gery, most surgeons obtain localizing studies. Notably, imag-
ing studies should only be used to localize a tumor and guide 
a planned surgical exploration. These have no role in making 
or rejecting the diagnosis of primary HPT. Most commonly, 
ultrasound and sestamibi are utilized. Both studies are asso-
ciated with significant false-positive and false-negative rates, 
and should therefore be interpreted with caution. Even in the 
case of a positive sestamibi scan, most endocrine surgeons 
would consider a high-quality ultrasound to be mandatory 
since it can detect concomitant thyroid pathology in up to 20 
or 30 % of patients [5]. Increasingly, endocrine surgeons are 
performing ultrasound examinations with results that are at 
least equivalent to those obtained by radiologists [6]. Four-
dimensional computed tomography (4D CT) scanning is an 
emerging technology which combines highly detailed cross-
sectional images and an analysis of perfusion characteristics. 
Reportedly, 4D CT has a higher accuracy than sestamibi or 
ultrasound [7] but is also operator dependent, as it requires 
an experienced radiologist to correctly interpret the images. 
Of note, 4D CT exposes patients to higher radiation doses 
than methoxyisobutylisonitrile (MIBI), and requires the ad-
ministration of contrast dye which is relatively contraindi-
cated in patients with renal impairment—a common indica-
tion for surgery in primary HPT.

Anesthetic Considerations

Although parathyroidectomy can be safely performed under 
local/ regional anesthesia with sedation, many surgeons pre-
fer general anesthesia. In our practice, all cases are performed 
with general anesthesia, supplemented with a bilateral super-
ficial cervical nerve block [8]. This allows the anesthesiolo-
gist to decrease the amount of narcotic and antiemetic medi-
cations given intraoperatively. If nerve monitoring is planned, 
an endotracheal tube with surface electrodes should be placed 
to facilitate this. Since this is a clean case, antibiotics are not 
required, but experienced endocrine surgeons worldwide dif-
fer in their use of antimicrobial prophylaxis [9].

Patient Positioning/Preparation

The patient should be laid on the operating table in the su-
pine position with the neck gently extended, arms tucked, 
and palms facing up. A shoulder roll is used to achieve neck 
extension, but care should be taken to avoid hyperextension, 
particularly in patients with limited range of motion in the 
neck, as this can contribute to postoperative cervical pain 
and migraine headaches. The head should be well-supported 
and stabilized in a foam or gel donut. It is helpful to have the 
operating table head attachment moved to the foot end of the 
bed, thus creating a longer, uniform surface and eliminating 
a potential “gap” in the table into which the shoulder roll can 
slip during the operation.

While most surgeons prefer the supine position with per-
haps slight reverse Trendelenburg tilt, some prefer to refash-
ion the bed into the semi-Fowler’s position or the “modified 
beach-chair” position by tilting the table into the Trendelen-
burg position, and then flexing the back up and feet down. 
This may reduce strain to the cervical and lumbar spine. In 
both positions, the goal is to have the head slightly elevated 
to reduce venous congestion.

Sequential compression devices are placed and routine 
chemical thromboprophylaxis is unnecessary. A recent Na-
tional Surgical Quality Improvement Project (NSQIP) re-
view of thyroid and parathyroid operations demonstrated the 
risk of deep venous thrombosis (DVT) to be ten times lower 
than the risk of return to the operating room (0.16 vs. 1.6 %), 
validating this practice [10]. All joints and contact surfaces 
are carefully padded. The surgical field, including the man-
dible, posterior triangles of the neck, and upper chest, is 
prepped and draped.

Operative Approach

General Principles

Oliver Cope first described the principle that optimal visu-
alization is of paramount importance throughout parathy-
roidectomy in order to minimize complications. Magnify-
ing loupes should be worn and the field should be brightly 
illuminated at all times, which is best accomplished with 
a headlamp. A bloodless surgical field should be scrupu-
lously maintained as bloodstaining can interfere with vi-
sualization. Intraoperative efforts to stop bleeding must be 
tempered, since imprecise maneuvers to stop bleeding can 
be hazardous. The bleeding vessel must be perfectly visu-
alized and specifically ligated. In a bloody field, attempts 
to grasp, cauterize, or suture a bleeding vessel could inad-
vertently injure a nerve or a parathyroid gland (or its blood 
supply), and so these maneuvers should only be made after 
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the field has been carefully dried and the bleeding site pre-
cisely identified. After hemostasis is achieved, gentle ir-
rigation with warm sterile water can often improve an ob-
scured operative field.

Operative Anatomy

Parathyroid Localization
Intimate familiarity with the anatomy and embryology of the 
parathyroid glands is crucial when performing this opera-
tion. The lower parathyroid glands, derived from the third 
pharyngeal pouch, are known by anatomists as the anterior 
parathyroids. They are nearly always located in a plane ante-
rior to the recurrent laryngeal nerves, and are most common-
ly located within 1 cm of the crossing of the nerve with the 
inferior thyroid artery. Compared with the upper glands, the 
lower parathyroids have a more lengthy descent to their final 
resting location, and therefore, are more variable in their final 
location; ectopic lower glands have been reported as high as 
the skull base to as low as the anterior mediastinum [11].

It is estimated that in primary HPT, 15 % of all lower 
parathyroid adenomas are located in the thymus gland. In 
addition, small, clinically insignificant parathyroid rests 
within normal thymus glands are very common, and likely 
occur because of the shared embryonic origin of the thymus 
and lower parathyroids from the third pharyngeal pouch. In 
conditions like secondary HPT or inherited conditions that 
lead to parathyroid hyperplasia (e.g., Wermer’s syndrome 
MEN-1), these thymic rests become more important and 
their hypertrophy may be a cause for supranumerary glands 
and a site for recurrent or persistent disease. Therefore, many 
surgeons recommend routine cervical thymectomy during 
parathyroidectomy for secondary HPT or in the context of 
MEN-1 [12].

Together with the thyroid gland, the upper parathyroid 
glands are derived from the fourth pharyngeal pouch. These 
have a shorter migration path than the lower parathyroids, 
and are therefore more consistent in their location at the pos-
terior aspect of the thyroid gland, usually at the level of the 
cricoid cartilage. The upper glands are often deep behind the 
thyroid gland, and require extensive anterior mobilization of 
the thyroid to be identified [11]. An enlarged upper parathy-
roid may also descend in the tracheoesophageal groove to 
assume a final position that is caudal to the level of the lower 
parathyroid glands; this is a common cause for failed para-
thyroidectomy, since on imaging studies a descended upper 
gland can be confused for a lower gland. The most common 
ectopic locations for upper parathyroid glands include the 
retroesophageal region or the carotid sheath.

Intrathyroidal parathyroid adenomas occur in approxi-
mately 1 % of patients with HPT, and tend to be small [13]. 

The presence of a hypoechoic oval nodule on thyroid ul-
trasound should alert the surgeon to the possibility of this 
entity. A preoperative thyroid ultrasound that demonstrates 
no thyroid nodules allows the surgeon to omit thyroid lobec-
tomy in the search for a missing parathyroid gland.

Operative Philosophy

The “correct” operative approach to primary HPT is highly 
controversial. While many centers have adopted a focused 
approach to this disease and make efforts to restrict the op-
eration to one gland that is identified preoperatively as ab-
normal, other surgeons continue to routinely dissect all four 
parathyroid glands. The focused approach can be done via a 
central or lateral approach; both are described below.

Incision Placement

Central Approach
An anterior cervical incision is made in a skin crease in close 
proximity to the patient’s cricoid cartilage. Great care should 
be paid to ensure that the incision is symmetric, perpendicu-
lar to the skin surface, and created in the deepest recess of a 
skin crease. The length of the incision should be influenced 
slightly by the size of the patient, the size of their thyroid 
gland, and by the anticipated difficulty in finding the para-
thyroid gland(s). In some cases, an incision 3 cm or shorter 
suffices. It is a fallacy that a lengthy, unsightly incision is re-
quired for a four-gland exploration; most endocrine surgeons 
routinely “convert” from a planned focused parathyroidec-
tomy to a bilateral exploration without lengthening the inci-
sion. On the other hand, safe visualization should never be 
compromised for a shorter incision length. In patients who 
do not have an optimally located skin crease, a longer inci-
sion in a skin crease is preferred over a shorter one in an area 
without natural folds.

Flap Elevation, Dissection of Strap Muscles
Once the skin is incised, the superior and inferior skin edges 
are elevated with skin hooks. This facilitates the identifica-
tion and division of the platysma muscle, which is easily lift-
ed with the skin and subcutaneous tissues from the underly-
ing strap muscles that remain taut at the depth of the incision. 
Once the platysma muscle is divided, the subplatysmal plane 
is raised superiorly to the level of the thyroid cartilage and 
inferiorly to the level of the sternal notch. The skin hooks 
can be used to elevate the skin/platysma complex while a 
Kittner dissector is used to retract the strap muscles cephalad 
for the development of the inferior flap, and caudad for the 
development of the inferior flap. Occasionally, large anterior 
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jugular vein branches are seen in this plane, and their liga-
tion and division may facilitate the complete development 
of this plane.

After the subplatysmal plane is developed, a self-retain-
ing retractor is placed. To protect the incised skin edges from 
inadvertent cautery injury, one may tuck the straight edge 
of a surgical towel under the skin edges, which can be se-
cured with a low-profile retractor (Fig. 1). Next, the median 
raphe between the sternohyoid muscles is incised from the 
level of the thyroid cartilage down to the sternal notch using 
electrocautery. Occasionally, the median raphe is difficult to 
identify—it is noteworthy that it is wider and therefore easier 
to identify caudally, near its sternal origin.

The sternothyroid muscle is then elevated off of the ster-
nohyoid, in a relatively avascular plane requiring minimal or 
no electrocautery. When the plane between the strap muscles 
is difficult to identify, it is helpful to elevate the medial bor-
der of the sternohyoid muscle while retracting the thyroid 
isthmus medially with a Kittner dissector. This accentuates 
the groove between the two strap muscles and facilitates their 
separation, which should proceed laterally until the internal 
jugular vein is identified. In cases where nerve monitoring is 
used, it is recommended to stimulate the vagus nerve at this 
stage of the operation to ensure the baseline functional in-
tegrity of the nerve monitoring circuit and of the nerve itself 
[14]. The vagus is identified deep, between the jugular vein 
and common carotid artery.

Intraoperative parathyroid hormone (IOPTH) monitor-
ing is required to achieve the lowest risk of persistent or 
recurrent HPT after minimally invasive parathyroidectomy. 
We obtain the samples by direct venipuncture of the jugular 
vein using a 22-gauge needle (Fig. 2). Usually, this veni-
puncture site does not require suture repair if direct pres-
sure is applied for a short time. Other surgeons prefer to 

have the levels drawn from a large-bore indwelling intra-
venous (IV) line or an arterial line. However the sample 
is obtained, care should be taken to avoid hemolysis from 
vigorous negative pressure or during transfer or handling of 
the sample, as this results in a substantial artificial decrease 
in the PTH value [15, 16].

Next, the sternothyroid muscle, which does not extend to 
the midline, is elevated off of the thyroid gland. The thy-
roid gland is retracted over the anterior surface of the trachea 
while dissecting the sternothyroid muscle off of the thyroid 
capsule while an assistant retracts the strap muscles later-
ally (Fig. 3). Often, careful and complete mobilization of 
the sternothyroid muscle is all that is required to identify the 
parathyroid glands—they will usually “find themselves” as 
the thyroid is elevated further and further onto the anterior 
surface of the trachea (Fig. 4).

Fig. 2  With sternohyoid muscle retracted laterally (to left), and ster-
nothyroid muscle and thyroid gland retracted medially under a Kitner 
dissector, PTH level is drawn from the left internal jugular vein

 

Fig. 1  Initial setup for parathyroidectomy—sublpatysmal plane having 
been developed, the skin edges are protected under edges of a surgical 
towel kept in place by a simple spring retractor

 

Fig. 3  As the thyroid gland is being elevated and rolled over the tra-
chea, and the strap muscles are retracted laterally, a pediatric suction 
cannula is used to bluntly and atraumatically dissect the filmy attach-
ments off of the lateral and posterior aspect of the thyroid capsule
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Parathyroid Localization
The sequence of intraoperative maneuvers used to identify 
the parathyroid gland depends on whether the upper or lower 
gland is the target. Upper glands, which on sestamibi scan 
often appear medial to the upper pole of the thyroid (Fig. 5), 
tend to lie quite deep behind the upper and midpole regions 
of the thyroid. Their identification and removal often re-
quires extensive medial mobilization of the thyroid gland, 
and, rarely, the blunt opening of Reeve’s space between the 
upper pole of the thyroid and the cricothyroid muscle. On 
occasion, division of superior thyroid vessels or the middle 
thyroid vein can facilitate sufficient mobilization of the 
upper pole of the thyroid to identify these glands.

The lower glands (Fig. 6) generally require less mobiliza-
tion of the thyroid gland to identify. They are sometimes visi-
ble immediately upon reflecting the sternothyroid muscle off 
of the thyroid gland. If no gland is identified, I search lower 
in the anterior mediastinum. If thymectomy is required, I 
divide the thyrothymic ligament, and grasp and retract the 
cervical portion of the thymus cephalad as the loose areolar 
tissues are pushed down. Occasional perforating vessels are 
clipped or divided using bipolar cautery. Usually, the cervical 
thymus will thin out and cleave itself. Otherwise, especially 
if sufficient thymic tissue has been mobilized to include the 
entire parathyroid, it may be ligated or clipped, and divided. 

In cases where a parathyroid gland remains elusive, it is 
often helpful to reflect on the gland that has already been 
found on that side and its relationship with the recurrent la-
ryngeal nerve. If the gland that was already identified was in 
a location anterior to the nerve, then a more comprehensive 
search is undertaken for the upper gland concentrating on 
the region of the tracheoesophageal groove, with extension 
of the field to include the carotid sheath, retropharyngeal, 
and retroesophageal spaces extending both above and below 
the thyroid gland. In cases where the lower gland is miss-
ing (i.e., the identified gland was posterior to the nerve), the 
search focuses on the thyrothymic ligament and thymus, and 
the accessible portion of the superior mediastinum are also 
explored. In all cases of a missing parathyroid, the carotid 
sheath should be opened and explored from the root of the 
neck to the skull base. If thyroid nodules are present on ultra-
sound, thyroid lobectomy should be done. Proximal ligation 
of the inferior thyroid artery has not been demonstrated to 

Fig. 4  A parathyroid adenoma ( red asterisk) is visualized deep to the 
posterior aspect of the thyroid capsule

 

Fig. 5 Immediate (a, c) and delayed (b, d) sestamibi images (global 
views (a, b) and pinhole images (c, d)) demonstrating a left upper para-
thyroid adenoma ( red asterisk). Note the relatively medial position of 
the parathyroid mass on image c and d

 

Fig. 6  Immediate (a, c) and delayed (b, d) sestamibi images (global 
views (a, b) and pinhole images (c, d)) demonstrating a left lower para-
thyroid adenoma. At surgery, the adenoma was identified within the 
thymus gland
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be curative, but may devascularize the missing parathyroid 
gland. Median sternotomy is not indicated unless the opera-
tion is being performed for life-threatening hypercalcemia. 
In the majority of revision parathyroidectomies, the “missing 
parathyroid” will eventually be found in a normal anatomic 
position. Therefore, following this progression, even if the 
gland has not been found, the operation should be concluded, 
and the patient should be reimaged and planned for revision-
al surgery [17].

Lateral Approach
The lateral approach to the parathyroids can be taken either 
through a Kocher-type skin incision or through a lateral in-
cision centered on the anterior border of the sternocleido-
mastoid (SCM) muscle. Regardless of the skin incision, the 
subplatysmal plane is developed, and following this, the an-
terior border of the SCM is dissected. The plane between the 
anterior border of the SCM and the strap muscle and thyroid 
complex is then entered, retracting the SCM and carotid ar-
tery laterally and the strap muscles and thyroid gland medi-
ally. It is imperative to keep the dissection medial to the ca-
rotid artery, which may slip medially from under the retractor 
and confuse the dissection field. This approach, which offers 
direct access to the posterior tracheoesophageal groove, is 
most useful in redo cases involving an upper gland.

The main advantage of this approach is also its great-
est weakness: The direct access to the tracheoesophageal 
groove means that the parathyroid can be identified more 
directly, but it also means that the recurrent laryngeal nerve 
is encountered more directly than when the central approach 
is used. Because this approach leads to the deep aspect of the 
tracheoesophageal groove, it takes extra effort to expose and 
remove a lower parathyroid, which is located in a more ante-
rior plane. Additionally, this approach is useful for a planned 
unilateral exploration.

Radioguidance
Some surgeons utilize radioguidance to facilitate the intraop-
erative localization of parathyroid adenomas. For this tech-
nique, 10 mCi of technetium (Tc-99 m sestamibi) is injected 
1–3 h prior to surgery. Background counts are obtained at 
the level of the thyroid isthmus, and the parathyroid gland is 
then localized, and a small transverse incision is made over 
it. Subplatysmal planes are raised and the straps are separated 
in the midline. Gamma probe can be used to guide dissection 
trajectory, recognizing that the heart and salivary glands also 
concentrate Tc-99m sestamibi, and lead to falsely positive 
results with deep probing. When the adenoma is identified, 
in vivo counts are obtained; these are usually 150 % above 
the background counts. The parathyroid adenoma is then 
meticulously removed and placed on the tip of the gamma 
probe to obtain ex vivo counts. Counts greater than 20 % of 
background confirm the presence of parathyroid tissue in the 
resected specimen [18].

Intraoperative PTH Monitoring

While there are at least six published criteria for IOPTH use 
during parathyroidectomy [19], all rely on a precipitous de-
cline in PTH following resection of a solitary adenoma. The 
most commonly used criterion is the Miami criterion [20]—
a 50 % decline from baseline 10 min post excision. Some 
experts also require normalization of the PTH level—this in-
creases the sensitivity (likelihood of cure), but also increases 
the likelihood of unnecessarily “converting” to a bilateral 
neck exploration in the event of a slower decline in the PTH 
following removal of an adenoma. Most surgeons make an 
effort to avoid manipulating the neck and stimulating the re-
maining parathyroid glands during the waiting periods be-
tween PTH draws, although, theoretically, manipulation of 
normal and suppressed glands should not result in significant 
release of PTH.

It should be noted that the published guidelines should 
not be regarded as absolute requirements. The operating sur-
geon should consider the change in PTH as one factor in 
the context of the risk that the patient may have multigland 
disease. Other intraoperative factors should include the size 
and consistency of the resected parathyroid gland and wheth-
er or not the ipsilateral parathyroid has been identified and 
its size. The absolute value of the final PTH level is also a 
factor; a final level greater than 40 has been suggested to be 
associated with a higher risk of recurrence. Preoperative risk 
factors for multigland disease include a family history of pri-
mary HPT, a history of lithium use, or a history of multiple 
endocrine neoplasia.

Closure

Following the extraction of the specimen, the field is in-
spected for hemostasis. A recent study suggested that posi-
tional maneuvers, such as the Valsalva maneuver or placing 
the patient in the Trendelenburg position, can identify bleed-
ing points that were otherwise not suspected [21]. The use of 
topical hemostatic agents has not been shown to reduce the 
incidence of hematoma, but these can be used. The routine 
use of drains is unnecessary after parathyroidectomy [22].

The strap muscles are closed using simple interrupted 
absorbable suture with care to leave the gaps between su-
tures, and also at the caudal aspect of the decussation so 
as to allow a potential hematoma, a means of egress to the 
more superficial layers of the neck. While some surgeons 
close the straps in layers, others omit reapproximating the 
sternothyroid muscle. Platysma is closed, again using inter-
rupted suture, and a subcuticular suture is placed for the 
skin edges. I use Dermabond™ as a sterile dressing, and 
often remove the subcuticular stitch, but this is purely a 
matter of preference.
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Postoperative care instructions include elevation of the 
head to decrease venous pooling in the neck, ice to the neck 
to induce vasoconstriction, and frequent exams of the neck 
to ensure that no hematoma is forming. The required length 
of stay following parathyroidectomy remains controversial. 
Practices vary from immediate discharge [23], to a required 
observation period prior to same-day discharge, to required 
overnight stay [24].

Post-parathyroidectomy discharge instructions include 
routine wound care instructions, observation for hematoma, 
and instructions regarding the signs and symptoms of hypo-
calcemia. Most patients are prescribed calcium supplements, 
although there is no evidence that this improves bone density 
after surgery.

Conclusions

Parathyroidectomy is the second most commonly per-
formed endocrine operation. There are considerable varia-
tions among surgeons and practices in the indications for 
parathyroidectomy, the conduct of the operation, and in 
postoperative care. Minimally invasive parathyroidecto-
my with IOPTH monitoring can achieve excellent results 
with minimal morbidity in selected patients. With high-
quality data from prospectively collected, robust databas-
es, our management of patients with primary HPT should 
become less variable and outcomes should continue to 
improve.

Key Summary Points
• Parathyroidectomy should be considered in patients 

with biochemically confirmed primary HPT, even in the 
absence of classic symptoms.

• Parathyroid imaging studies should be used for surgical 
guidance, not to diagnose HPT.

• Although their craniocaudal position can vary, the upper 
and lower parathyroid glands are consistently located 
posterior and anterior to the recurrent laryngeal nerve, 
respectively.

• When searching for an ectopic parathyroid gland, the 
location of the ipsilateral parathyroid should guide a stra-
tegic dissection.
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Early Life and Training

Felix Mandl M.D. son of industrialist Emil Mandl and Linda 
Basch Mandl, was born on November 8, 1892, in the city of 
Brno (Brünn in German) located in the modern-day Czech 
Republic [2]. After graduating from his local German high 
school, Mandl entered the medical school of the University 
of Vienna in 1910 [2]. His medical training was disrupted 

during World War I when he served in the Austro-Hungarian 
army from 1914 to 1919 [2]. Shortly thereafter, he received 
his M.D. degree in 1919 and entered surgical residency 
under Julius Von Hochenegg in the Department of Surgery 
II at Vienna General Hospital [1]. He worked as a surgical 
trainee assuming the position of chief resident in 1923 and 
was promoted to lecturer in surgery at the University of Vi-
enna in 1928. In 1932, he became the director of the surgery 
department at the S Canning-Childs Hospital and Research 
Institute in Vienna [3].

Albert Jahne and the First Parathyroidectomy

It was during his early surgical training that Felix Mandl 
made surgical history by performing the first successful 
parathyroidectomy for a patient suffering from osteitis fi-
brosa cystica (von Recklinghausen’s disease of the bone). 
In 1924, Albert Jahne, a 34-year-old streetcar conductor in 
Vienna, was admitted to the Department of Surgery II, Uni-
versity of Vienna. Jahne had begun developing progressive 
lower-extremity weakness and bone pain in 1919. By Octo-
ber 1924, the 38-year-old Jahne required crutches to ambu-
late and roentgen (X-ray) analysis demonstrated cystic le-
sions in his pelvis and femurs [3]. The prevailing hypothesis 
for Jahne’s bone lesions at that time was based on Viennese 
pathologist Jacob Erdheim’s (1874–1937) theory that oste-
itis fibrosa cystica was due to a deficiency of parathyroid 
hormone and that parathyroid hyperplasia was secondary to 
increased calcium metabolism in bone [4]. Erdheim first rec-
ognized an association between the parathyroid glands and 
calcium levels in 1906. Experimentally, he determined that 
cauterization of the parathyroid glands of laboratory rats re-
sulted in both tetany and defective mineralization of teeth. 
Additionally, he observed devascularization and destruction 
of the parathyroid glands at postmortem examination in three 
patients who died of postoperative tetany following thyroid-
ectomy for goiter and later identified parathyroid hyperpla-
sia in patients with osteomalacia [3].

With this daring operation and his monumental thesis entitled “Clini-
cal and Experimental Studies in Localized and Generalized Osteitis 
Fibrosa,” Mandl laid the foundations for parathyroid surgery. Hanoch 
Milwidsky, 1957 [1]
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Given Erdheim’s prevailing hypothesis of compensatory 
parathyroid hyperplasia in response to osteitis fibrosa cys-
tica, Albert Jahne was initially treated with “parathyreoidin 
tablets,” a concentrate of parathyroid extract [3]. However, 
his symptoms continued to worsen, and he developed a 
pathologic fracture of his left femur on December 12, 1924. 
His fracture healed by February 1925 but over the next 4 
months he became cachectic, was no longer able to ambulate 
due to lower-extremity pain, and he developed a white pre-
cipitate in his urine. On June 22, 1925, he was readmitted to 
the hospital. On July 2, 1925, still operating under Erdheim’s 
hypothesis of compensatory parathyroid hyperplasia, Mandl 
transplanted four parathyroid glands from a patient who died 
from trauma into Jahne’s preperitoneal space [3]. Although 
Jahne’s symptoms did not improve, Mandl had directly 
tested Erdheim’s hypothesis in a patient, thereby providing 
evidence against the theory of compensatory parathyroid hy-
perplasia in the pathophysiology of osteitis fibrosa cystica.

Consequently, Mandl hypothesized that Jahne’s bone 
lesions were not compensatory due to a deficiency of para-
thyroid hormone but rather due to an excess of parathyroid 
hormone. On July 30, 1925, Mandl set out to test his hy-
pothesis by taking Jahne to the operating room to perform a 
cervical exploration for a parathyroid tumor [3]. In the oper-
ating room, Mandl discovered that “in the rim between larynx 
and esophagus, a dark, partly grayish nodule separate from 
the thyroid was located in the inferior parathyroid position 
close to the inferior thyroid artery and between its branches, 
adhering to the left recurrent nerve.” The 2.5 × 1.5 × 1.2-cm 
grayish-white nodule was surgically removed, and further 
exploration of the neck revealed that the remaining three 
parathyroid glands were macroscopically normal [3]. Patho-
logic analysis by Erdheim and his colleagues concluded that

the cell structure is typical for parathyroid tissue…it is most 
likely a so-called ‘atypical (fetal) adenoma’ of the parathyroid 
gland with polymorphous cell structure which may be a ‘malig-
nant degeneration.’ In one part of the tumor there is a hyaline 
round-shaped patch with numerous pigmented cells (remnants 
of a previous hemorrhage). There is no evidence of a rim of 
normal parathyroid tissue. [3]

Subsequently, Jahne’s urinary calcium excretion decreased 
from a preoperative level of 54–7.6 mg % by postoperative 
day 11 and he did not develop tetany [3]. He was discharged 
from the hospital on August 7, 1925, and made a rapid re-
covery: His strength improved, his body weight increased, 
his lower-extremity pain subsided, he was able to begin am-
bulating with a cane, and X-rays of his bones demonstrat-
ed healing of his cystic lesions and an increase in his bone 
density. In effect, Mandl had performed the first success-
ful parathyroidectomy. He presented the case at the Vienna 
Congress of Physicians on December 4, 1925, and subse-
quently published his findings [4–8]. At clinical follow-up 
in 1929, Jahne remained asymptomatic and biochemical 

analysis  demonstrated “blood calcium levels between 13 and 
14 mg/100 mL (normal range, 8.4 to 10.4 mg/100 mL) and 
urinary calcium excretions between 264 and 300 mg/100 mL 
(normal range, < 200 mg %)” [3]. Ultimately, Mandl had 
demonstrated that Jahne’s osteitis fibrosa cystica was sec-
ondary to a hyperfunctioning parathyroid gland, thereby 
disproving Erdheim’s compensatory parathyroid hyperplasia 
hypothesis that had stood for nearly 20 years.

Unfortunately, Jahne’s symptoms began to return in 
1931, and, by January 1933, he was bedridden. He was 
diagnosed clinically and biochemically with recurrent 
 hyperparathyroidism and on October 18, 1933, Mandl took 
Jahne to the operating room for a repeat cervical explora-
tion to examine for another parathyroid tumor. According 
to Mandl, “there was neither a local recurrence nor another 
adenoma in the entire neck and in the mediastinum explored 
through the neck” [3]. Jahne’s symptoms and biochemical 
parameters did not improve over the next 3 years and in 
February 1936, he passed away from uremia. Postmortem 
examination demonstrated generalized cystic fibrosis with 
brown tumors in multiple bones and bilateral hydronephro-
sis with nephrocalcinosis [3]. Ultimately, Jahne’s clinical 
course raised the question of parathyroid carcinoma but no 
metastatic parathyroid tissue was found at autopsy [4]. An 
excellent and detailed English translation of the operative, 
pathology, and clinical reports regarding the case of Albert 
Jahne was published by Niederle et al. in 2006 [3].

Professional Rise and Exile to Jerusalem

Throughout the 1920s, Mandl’s contributions to the fields 
of surgery and experimental endocrinology were prolific. In 
December 1926, he applied for the Venia Legendi for Surgery 
having authored more than 50 scientific publications on top-
ics including surgery of the stomach and rectum, treatment 
of sports injuries, and the diagnostic and therapeutic uses 
of the anesthetic procaine hydrochloride [2]. He submitted 
his thesis titled Clinical and Experimental Studies in Local-
ized and Generalized Osteitis Fibrosa which demonstrated 
the causative role of parathyroid hyperplasia in generalized 
osteitis fibrosa cystica, thereby laying the foundation for the 
surgical management of primary parathyroid disorders [7, 
8]. He presented his thesis on December 10, 1927, and was 
awarded the Venia Legendi for Surgery by the Medical Fac-
ulty at the University of Vienna on December 14, 1927. He 
continued his prolific surgical career at the Vienna General 
Hospital until 1932 when he became the director of the sur-
gery department at the S Canning-Childs Hospital and Re-
search Institute in Vienna.

Unfortunately, the rise of Nazism during the 1930s signifi-
cantly impacted Mandl’s surgical career. In 1938, Mandl was 
on a lecture tour in England when the political  situation in 
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Austria decompensated under the Nazis [3]. Because Mandl 
was Jewish, he was expelled from the University of Vienna 
on April 22, 1938, and he lost his position at the hospital 
[9]. Unable to return to Vienna, he immigrated to Jerusalem. 
He was appointed head of the Surgical Department B at the 
Hadassah University Hospital and was made a full profes-
sor in 1939 [2]. Hanoch Milwidsky, Mandl’s colleague at 
Hadassah, described him as “not only an excellent clinician 
and surgeon but an extremely gifted teacher dedicated to his 
patients and pupils alike…he possessed a highly developed 
clinical judgment and self criticism, freely admitting his own 
errors, always ready to discuss and accept other opinions 
even of his pupils and students” [1]. In Israel, Mandl helped 
to found the medical journal Acta Medica Orientalia [10].

Return to Vienna and Death

Mandl returned to Austria in 1947 and was appointed di-
rector of the Emperor Franz-Josef Hospital in Vienna. The 
hospital was heavily damaged during World War II and was 
rebuilt under Mandl’s direction [2, 3]. Additionally, his lec-
tureship rights were reinstated, and he was appointed to the 
academic rank of associate professor. Since the Nazis had 
stripped him of his professional accomplishments, he had to 
submit for renewal of his Venia Legendi of Surgery, this time 
with more than 230 scientific publications to his name.

Additionally, Mandl had become involved in several na-
tional and international surgical associations and scientific 
societies. He was a member of the Vienna Medical Asso-
ciation, the Viennese Association of Surgeons, and Austrian 
Cancer Society, and an honorary member of the surgical so-
cieties of Venice, Padua, and Piedmont. He was a member 
of the International Society of Surgeons. Furthermore, he 
helped to found the Austrian section of the International Col-
lege of Surgeons (ICS) and served as vice president of the 
ICS [3, 11]. In 1956, the ICS awarded Mandl its highest dis-
tinction, the rank of master surgeon. Moreover, the ICS had 
planned to honor Mandl with a special issue of the Journal 
of the International College of Surgeons, known as a Fest-
schrift, dedicated to him in November 1957 [1, 3]. Unfortu-
nately, Mandl came down with a particularly bad case of the 
grippe in the fall of 1957. He unexpectedly passed away at 
the age of 65 from acute heart failure on October 15, 1957 [2, 
3]. Mandl had not lived to see his Festschrift and instead it 
appeared as a memorial issue [1, 12]. The “Last Message of 
Felix Mandl” was read at the opening session of the Austrian 
Federation Meeting by his assistant, Dr. R. Gottlob [11].

Legacy

Felix Mandl was a pioneer in numerous areas of surgery, 
medicine, and science, having made significant contributions 
to the fields of general and endocrine surgery,  traumatology, 
regional anesthesiology, and endocrine physiology, to name 
a few. As a young surgical resident, his bold willingness to 
challenge Erdheim’s hypothesis of compensatory parathy-
roid hyperplasia in osteitis fibrosa cystica resulted in the first 
successful parathyroidectomy, thereby establishing certain 
fundamental principles of parathyroid pathophysiology and 
laying the foundation for the modern surgical management 
of parathyroid disorders [13, 14]. Despite his tremendous 
success, including the rank of master surgeon, he was re-
membered by many who knew him as modest and warm-
hearted [1, 2, 10, 12]. Ernst Israel, Mandl’s colleague from 
Jerusalem, writing at the time of Mandl’s death, wrote,

Three weeks before his death I visited him in Vienna and we 
spent many hours together. Although in the meantime he had 
become one of the great in the surgical world, highly respected 
and honored, he was as modest as ever…I shall always remem-
ber Felix Mandl, his brilliant mind, his courage in action, his 
sympathy and understanding for the sufferings of the sick—a 
faithful friend, lonely and shy, and always hiding a great tender-
ness of heart. [10]
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Introduction

Oliver Cope is known to many as one of the fathers of 
endocrine surgery and for his seminal work on the anatomy 
and surgical treatment of parathyroid disorders. The “Oli-
ver Cope Meritorious Achievement Award” is the highest 
honor bestowed upon members of the American Association 
of Endocrine Surgeons for lifetime achievement in the field, 
which has only been awarded six times in 30 years. In reality, 
Oliver Cope’s life and achievements go beyond endocrine 
surgery and showcase a meticulous surgeon who devoted his 
entire life to caring for his patients. He has a wide range of 
achievements related to the surgical practices for burns and 
breast cancer, as well as diseases of the thyroid and parathy-
roid glands. This underlines his unique ability to combine 
detailed biologic and physiologic knowledge with passionate 
care of patients.

Oliver Cope Early Work

Oliver Cope was born in Germantown, Pennsylvania in 
1902. His mother was a pacifist and active in the suffrage 
movement. She insisted that Oliver learn multiple languages 
and forbade the use of English at the dinner table. She also 
wanted him to pursue music, and he played the fiddle almost 
every day of his life. His father was a Quaker architect and 
the tenets of this religion, including simple living, perme-
ated Oliver Cope’s entire life. He attended Haverford Col-
lege for 1 year before transferring to Harvard University, 
where he majored in chemistry. In college, he was involved 
with the Glee club and the Liberal Club where he led a suc-
cessful campaign to admit Jewish students to Harvard. Along 
the way, he developed a deep interest in medicine and was 
admitted to Harvard Medical School. During his second year 
of medical school, he travelled to China where he worked as 
a news correspondent and interestingly was the first west-
erner to interview Chiang Kai-Shek, which he did in secret 
in 1924 [1].

After his graduation, he became a surgical resident at the 
Massachusetts General Hospital (MGH) in 1928. He arrived 
at MGH during a remarkable transformation of the American 
surgical scene. Around this time, MGH had begun a “full 
time” surgical service propelled by Edward P. Richardson to 
do research, which meant that surgeons joining would have 
full-time appointments at Harvard Medical School, yet they 
would retain the ability to be in private practice. This fusion 
of practice and research allowed a deepening of the investi-
gative work performed by surgeons, especially since a mod-
est monetary support was provided [2] (Fig. 1).

During his time as a resident, he clearly impressed the 
surgical staff and was named administrative assistant to 
Dr. Edward D. Churchill, who became the chief of The 
West Service at MGH in 1931 and later chief of surgery. 
Dr. Churchill’s assignment as chief was critical to Oliver 
Cope’s transformation into a surgeon–scientist; Dr. Churchill 
believed “that integration of research oriented full time staff” 
was necessary to allow a depth of understanding of surgical 

Oliver Cope in 1964. (Courtesy of the MGH Archives)
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diseases that did not exist prior to that in Boston. This was 
also when the concept of “surgical specialization” was de-
veloped, which went against the more prominent concept 
among other surgical leaders of the time: the general sur-
geon. Dr. Churchill’s general concept was that, as chief of 
surgery, he could see the landscape and needs of the depart-
ment and the field of surgery better than most. He would 
then assign the most pressing issues to be addressed to his 
most promising surgical staff and residents. Dr. Churchill’s 
mandate that each faculty study one or two areas was supple-
mented by monetary support. Oliver Cope was assigned to 
work on burns and then parathyroid disorders where knowl-
edge was still sparse when he began his research [2].

Dr. Cope had shown himself to be driven and exception-
ally bright. He spoke multiple languages fluently including 
German and French, thus in 1933, he was chosen as The 
Moseley Traveling Fellow at MGH. He embarked on a trip to 
Europe to study the pathophysiology of the endocrine glands 
with Ludwig Pick in Berlin and then with Sir Henry Dale in 
London the following year [1].

Cope’s Work on Parathyroid Disorders

Cope’s work on parathyroid disorders is truly a testament 
to his meticulous nature and remarkable ability to insight-
fully tie together vast amounts of information from a minute 
amount of clinical material. During the time he was putting 
together a mental story about the diagnosis and surgical 
treatment of hyperparathyroidism, it was quite difficult to 
even read the works of others on the subject. Ivar Sandstrom 
first described the parathyroid glands in Uppsala, Sweden, as 
a medical student in 1880. The work was published in Swed-
ish and barely noticed elsewhere, until study of its function 
began in the 1890s, and surgeons started focusing on preserv-
ing the parathyroid glands during thyroid surgery as a way to 
prevent tetany. Hyperparathyroidism was first described in 
1925, and was basically thought to be a disease caused by a 
single enlarged gland or “adenoma” and that removal of this 

adenoma would result in a cure of the condition. The exact 
relation of the bony disease to the parathyroid gland was not 
yet understood.

In July of 1925, Dr. Mandl in Vienna treated Albert 
J. Herr who was suffering from advanced osteitis fibrosa 
(also known then as von Reckinghausen’s disease) with 
parathyroid extract. When that failed to improve things, 
Mandl actually grafted fresh parathyroid tissue from a vic-
tim of a streetcar accident, which significantly worsened 
the patient’s bone loss and increased calcium levels in his 
urine. Dr. Mandl then performed a neck exploration and re-
moved a 21-mm parathyroid gland, which resulted in rapid 
clearing of urinary calcium and improved bone health. 
Simultaneously in the USA, a team of medical doctors at 
MGH were using parathyroid hormone (PTH) in the form 
of parathyroid extract, to treat lead poisoning, and they 
noted the effects on the bones. Dr. Aub, a physician in New 
York City (NYC) whose laboratory Dr. Cope had worked 
in, noted a similar bone disease in the sea captain Charles 
Martell who had lost 7 in of height rapidly. Aub referred 
him to Boston where it was confirmed that his calcium 
metabolism resembled what had been seen in the lead poi-
soning patients treated with PTH extract. This patient was 
then referred to the chief of surgery at MGH, Edward Rich-
ardson, who without any knowledge of Mandl’s work in 
Vienna performed two operations in the neck where he was 
only able to find and remove normal parathyroid tissue. By 
1931, there had been some more activity on both sides of 
the Atlantic, and the British surgeons Walton and Hunter 
had removed a handful of parathyroid adenomas from pa-
tients’ necks and one from the mediastinum. In 1931, Dr. 
Churchill, who had by then become the chief of surgery 
at MGH, was asked to reoperate on Charles Martell who 
had one more unsuccessful operation in NYC (right thyroid 
lobectomy) in the meantime [3]. Four additional patients 
also diagnosed with hyperparathryoidism were also hospi-
talized at MGH by the medical service and were awaiting 
surgical cure. Dr. Churchill recognized he had already per-
formed one successful operation, yet many other good sur-
geons had failed, and his future success would depend on

the ability of the surgeon to know a parathyroid gland when he 
saw it and to know the distribution of the glands, where they 
hide, and also be delicate enough in technique to be able to use 
his knowledge. [4]

Cope, who was by then a senior surgical resident under 
Dr. Churchill, was assigned the task of learning about the 
parathyroids and told simply that he would not “have the 
privilege of operating on the first patient,” until Churchill 
was satisfied with his understanding of parathyroid gland 
anatomy. Cope made quick friends with Dr. Benjamin Cas-
tleman, a resident in pathology at the MGH, and together 
they performed 30 postmortem exams of the neck and 

Fig. 1  Oliver Cope at work at the Massachusetts General Hospital. 
(Courtesy of the MGH Archives)
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mediastinum. They microscopically examined every “little 
piece of fat” to try and tell what was parathyroid. At that 
time, there was no other person in the pathology department 
who could recognize these glands. Eventually, they no lon-
ger needed to microscopically examine everything because 
they routinely recognized parathyroid tissue. Shortly after, 
they recognized the wide anatomic variation and the loca-
tion of these glands in the thymus and mediastinum. Cope 
also learned from the pathologist that glands with adeno-
mas might also suffer from hyperplasia and cancer, both 
of which he was later able to recognize and diagnose. By 
1932, Churchill was satisfied with Cope’s understanding of 
the anatomy of the parathyroids, and he supervised Cope 
in his first parathyroid operation. Cope found the parathy-
roid adenoma successfully in his first operation, but he was 
scolded by Churchill for being “too rough,” as well as leav-
ing “the field too bloody” from using the wrong scissors 
and instruments for traction of the thyroid. Cope realized 
he had been taught to be quick thus far in his residency, but 
now he had to learn to slow down and be more precise for 
this particular type of surgery to be successful. Cope then 
performed two other operations; by his third operation, 
Churchill was finally satisfied with his new work ethic. By 
this time, Cope was able to operate independently without 
Churchill “dropping in” and proceeded with operating on 
Captain Martell; he performed a total of three more neck 
operations between June and October of 1932, but he found 
no parathyroid tissue in the neck of the sea Captain. Dr. 
Churchill, then satisfied that there was no tumor in the 
neck, took over in November of 1932, and found the tumor 
in the anterior mediastinum, removing it with a partial ster-
nal split. Unfortunately, this patient ultimately passed away 
in December from tetany, larygneal spasm, and renal fail-
ure, and was reported as “Case Number 6” in Cope and 
Churchill’s paper describing the first 30 patients treated at 
MGH in Annals of Surgery in 1936. Cope reported being 
very grateful to the lessons that were taught to him by this 
patient [4].

By early 1934, Drs. Churchill and Cope had seen three 
unusual cases of hyperparathyroidism in which each patient 
had recurrent disease and kidney stones. Despite removal of 
one enlarged gland successfully, they were requiring remov-
al of multiple other glands to be cured; he recognized this 
and reported it as “clear cell hyperplasia”. By 1935, a mere 2 
years after he went to England to “learn about endocrine sur-
gery” from the European experts, Oliver Cope wrote a New 
England Journal of Medicine paper on the subject of para-
thyroidectomy, describing in detail the lessons learned by 
him and his colleagues Drs. Churchill, Albright, and Castle-
man after treating 27 patients with parathyroid disorders [5]. 
From this relatively small cohort of patients, Cope inferred 
a large amount of important information, all of which endo-

crine surgeons follow and use to this day. It is a true testa-
ment to his clinical acumen and detail-oriented nature that 
he integrated these critical lessons from this early cohort of 
patients. In his paper, he outlined principles that remain im-
portant in the care of parathyroid patients today:

1. Parathyroid surgery is not the same as thyroid surgery. 
He discovered that gentle handling of parathyroid tissue 
was paramount, and devascularization of healthy tissue 
could lead to life-threatening tetany. He wrote, “surgery 
of the parathyroid glands involves, naturally, many of the 
same anatomical considerations common to thyroid sur-
gery. The identification of parathyroid tissue is, however, 
so much more difficult, that although the anatomical con-
siderations may be the same, the surgical technique must 
be considerably different”. He smartly wrote that“every 
surgeon versed in thyroid surgery realizes the difficulty of 
recognizing parathyroid tissue. It is one thing, however, 
to avoid the removal of parathyroid tissue in performing 
a thyroidectomy and quite another to expose and identify 
all of the parathyroid tissue present.” He clearly under-
stood that “Infinite care, a bloodless technique, time and 
patience are required to solve, satisfactorily, the problems 
of parathyroid surgery.”

2. He recognized that parathyroid adenomas and hyperpla-
sia should be treated differently; a subtotal parathyroidec-
tomy was needed for hyperplasia, followed by a complete 
parathyroidectomy at a later date if need be.

3. He documented that the removal of all parathyroid tissue 
resulted in tetany and possibly death, and there was no 
hormone replacement therapy that was effective.

4. He also recognized that the size of the resected gland was 
not the most important factor. He saw that one patient had 
a 6.5-cm tumor that weighed 53 g, but a different patient 
with a 10-mm tumor had much worse osteoporosis and 
incapacitating spinal deformities, which were dramati-
cally cured after surgery and removal.

5. He described the difficulties with redo parathyroid sur-
gery in lessons he learned in four of these patients that 
were referred to him after failure to cure them at other 
hospitals, and describes the wide range of locations of 
the parathyroids “from the pharynx to the mediastinum”, 
including tumors “buried in the thyroid.” His findings 
described his depth of understanding of the disease. He 
wrote

“Hyperparathyroidism is a more common disease than usually 
suspected; that its treatment is surgery; that to accomplish surgi-
cal results the problem is not only one of exposing parathyroid 
tissue but equally of one knowing how much to remove. Over-
zealous removal of too much tissue may end in graver disabili-
ties than the disease itself…and that difficulty of the operative 
procedure lies in the evaluation of how much tissue to leave 
behind with no set rule as to how many milligrams should be 
left.” [5]
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Cope’s Work on Burns

While Cope’s work on the parathyroids is known best to en-
docrine surgeons, his contributions to the field of surgery are 
much wider. Dr. Cope’s work on the care of burn patients is 
a true testament to his willingness to rigorously test thera-
pies instead of following medical dogma. While the major-
ity of his work in burns was initiated after his work on the 
parathyroids, he actually became interested in this area much 
earlier. Oliver Cope’s first experience with burn victims was 
instrumental to his understanding that serious burns caused 
many more problems than those visible to the naked eye. 
As a medical student, he was in the MGH Emergency Ward 
(EW) when 30 burn victims from a devastating fire at Bea-
con Oil in Everett were brought in [2]. Cope would write 
“Staff, house officers, and surgical students were down in the 
EW, stripping the burns of the dead epidermis and squirting 
the wounds, soaking the patients in tannic acid. As the tannic 
acid was being applied, the patients were dying because of 
the ignored signs of developing dehydration. It was evident 
that the priorities were off balance”. In the early 1940s, Dr. 
Churchill assigned Oliver Cope, Bradford Cannon, a plastic 
surgeon, and Francis Moore, then a first-year surgical resi-
dent, to improve the treatment of burns. Cope and Bradford 
started a series of animal experiments testing various regi-
mens for burns, including the standard practice of applying 
tannic acid to tan the wound. Their work demonstrated that 
contrary to popular belief and the surgical doctrine, prompt 
removal of all dead tissue, application of gauze treated with 
bland ointments, such as boric acid gauze, and immediate 
repair of the wound, not tannic acid, was most effective. The 
simplest treatment and the easiest to administer resulted in 
the fastest healing [6]. A thorough analysis of their own burn 
victims convinced them that fluid resuscitation and manage-
ment of a burned airway were keys to survival and infection-
free healing.

Almost immediately after reporting his research findings, 
Oliver Cope found himself and his team using their treat-
ments on victims of the horrific Cocoanut Grove Night Club 
Fire in 1942. A rapidly spreading fire began in the basement 
of the Cocoanut Grove where 1000 football fans were cel-
ebrating in a space legally meant for 600. Overcrowding, 
and locked emergency doors, spelled disaster when a match 
was lit by a young bus boy to change a light bulb, ignit-
ing hanging gauze decorations, and then rapidly spreading. 
With only one working revolving door serving as an exit, 
the night club became a death trap and ultimately 492 peo-
ple died, making this the second largest fire in the history 
of the USA, and hundreds of victims were brought within 
minutes to the MGH. During the 2 h following the fire, 114 
burn victims were brought to the MGH; the majority were 
dead or died within minutes, but 39 lived to be treated at 
MGH. Cope wrote a few papers describing the tragedy, and 
in a remarkable feat of triage, clearly influenced by training 

for World War II, all patients were settled in an “isolation 
ward” specifically made on the spot for burn victims within 
3 h of arrival [7]. They were treated rapidly with oxygen, in-
travenous fluids, and fresh-frozen plasma for shock. Surface 
burns were treated without debridement but with bland boric 
ointment gauze and pressure dressings with no attempts at 
cleansing or debridement and morphine and antibiotics, es-
sentially, all the elements of modern day burn treatment. 
Seven patients died within the first 3 days, all due to severe 
lung injury and pulmonary edema; even these patients yield-
ed useful information to Cope, who described the bronchial 
and airway changes seen during postmortem examination of 
three of the patients. The results of the simplified and sys-
tematic treatment of the burns were evident almost immedi-
ately and many of the wounds healed within 2 weeks as Cope 
had shown in his earlier research. Oliver Cope undertook ex-
tensive metabolic study of the patients in the hospital, mea-
suring nitrogen balance, and steroid secretion, thus trying 
to understand the metabolic response to burns. He became 
a proponent of organizing a prearranged plan for disasters, 
including having access to a classified list of required per-
sonnel. Cope became instrumental in the developing interest 
of The Shriner’s organization to start a hospital specializing 
in burns adjacent to MGH. In the early 1960s, he mounted 
a plan to get federal funding for burn research to teach the 
next generation of surgeons the most effective care for burn 
victims, especially children.

Cope’s Work on Breast Cancer

As Cope’s career progressed, he became more involved in 
the care of breast cancer patients. He became one of the 
earliest proponents of lumpectomy and radiation, and he 
questioned the standard of care at that time, which was the 
radical mastectomy. He first came to think of this nontra-
ditional treatment when a patient refused to have her breast 
removed in 1958; this patient led him to look at his own 
mastectomy results, and to his horror, he discovered that 
“75 % of the women who undergo mastectomy ultimately 
die of cancer.” In 1967, his thoughts were published in 
Vogue and Women’s Day; he became known in his own 
words as “a staunch supporter of women to protect them-
selves from unnecessary mutilation.” While he tried pub-
lishing this work in medical journals as early as 1972, it was 
rejected by many surgical journals; Dr. Austen, the chief of 
surgery at MGH, had to mediate for him even among his 
colleagues at the hospital because of the radical nature of 
his proposed procedures [1]. He wrote what was probably 
the first book on breast cancer for the lay audience, The 
Breast, in which Cope admonished other doctors who felt 
that he was too “sentimental” when women complained 
about losing their breasts. He wrote “I ask in return if they 
had cancer of the penis, and there were two treatments, 



161Oliver Cope

each equally good in the care of the cancer, one irradiation 
and the other surgical excision of the penis, which would 
they choose?” Decades later, Cope’s unorthodox views 
were proven in the seminal randomized trials that showed 
lumpectomy and radiation to be equivalent to mastectomy. 
His deep appreciation for the emotional welfare of breast 
cancer patients undergoing mutilating mastectomies also 
led him to ruminate on the difficulty convincing the “male 
medical profession, that a women’s desires should be con-
sidered.” This was personal and deeply introspective for 
Cope, which concluded in him saying “I had not realized 
how chauvinistic I have been” [8]. No doubt that his appre-
ciation for the plight of breast cancer patients also played 
a role in him being a proponent of women in surgery. Pa-
tricia Numann, a recent president of the American College 
of Surgeons, recalls fondly when she was a young surgeon, 
she met Oliver Cope at a dinner of the American Surgical 
Association in 1983, when she was not yet a member and 
he had already been the president. She remembers how in-
fluential her conversations about breast surgery and being 
a woman surgeon were to her career and his kindness in 
quickly mailing her a copy of his work and a personal let-
ter encouraging the young female surgeon (personal com-
munication, Dr. Numann).

Conclusion

Oliver Cope was a remarkable man and those who knew 
him at the height of his career called him “brilliant, innova-
tive, a real biologist” who was known for the precision of 
his work. He was quite reserved in his demeanor. Later in 
life, as he turned to breast conservation, his patients called 
him a “Quaker reformer.” Yet, Cope had remarkable insight 
into his own psyche and that of his patients. When he was 
44, he went into psychiatric analysis with the psychiatrist Dr. 
Bibring, the first full female professor at Harvard Medical 
School and a student of Freud, for at least 3 years. This expe-
rience left him with a deep appreciation of a patient’s emo-
tional response, and he thought patients often understand 
“the emotional roots of their illnesses,” but doctors, who are 
too “chemically minded,” (himself included) are often too 
busy to listen, since they find “it’s quicker to order an X-ray” 
“instead of listening” [1, 9]. This belief in the psychiatric 
nature of many diseases led to some interesting theories and 
discussions surrounding the basis of Graves’ disease. Cope 
had a strong opinion that the pathogenesis of Graves’ dis-
ease was due to psychic trauma. He often cited outstanding 
experiences in his own practice, noting the possibility of 
cure of Grave’s by appropriate psychotherapy. Later in his 
career when it was discovered that Grave’s disease was a 

disorder of the immune system, Cope still stuck with his the-
ory, quoting ample evidence of the importance of the central 
nervous system to immune system health. At weekly rounds 
when residents presented patients with Grave’s disease, if 
they did not detail the emotional background of the patient, 
including past traumas, they were severely scolded. In fact, 
Dr. Cope managed for 2 years to persuade an able psychia-
trist Dr. Quarton to join the MGH Thyroid Unit to study the 
causative role of psychic trauma in Graves’ disease [10]. In 
fact, in 1966 he put together the first conference on behav-
ioral science in medicine to “fill in the gaps,” going on to 
publish a monograph entitled “Man, Mind, and Medicine” in 
1968. He thought overall that this monograph was the “most 
important contribution” he had made, which is truly remark-
able for a man who made so many varied contributions to the 
care of surgical patients [1].

All of Cope’s thoughts on the education of surgeons was 
ahead of his time; he became a full professor of surgery in 
1963 and adopted a radical view that surgeons should focus 
less on technique and more on the biology and pathology of 
disease, really emphasizing the need for the parallel educa-
tion of surgeons and medical doctors. This concept was of 
course entirely pleasing to endocrine surgeons or surgical 
endocrinologists who are staunch proponents of surgeons 
learning the entire spectrum of molecular/physiologic/patho-
logic nature of the diseases they treat. Dr. Cope passed away 
in 1994 at age 91, 1 day after his wife Alice. He left behind an 
incredible legacy that all surgeons must strive to live up to.
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Introduction

The parathyroid glands were discovered in the 1800s, by 
Sir Richard Owen in a rhinoceros and subsequently by 
Ivor Sandstrom in human cadavers [1, 2]. Subsequent ob-
servations by astute clinicians and scientists led to the un-
derstanding of their important function in calcium homeo-
stasis. Eventually, the observation of parathyroid tumors in 
association with significant bone and kidney disease led to 
the hypothesis that parathyroid tumors may be causative and 
surgical removal could potentially result in cure [1, 3].

The work of surgical pioneers such as Felix Mandel, E. 
J. Lewis, Isaac Olch, Oliver Cope, and Edward Churchill 
helped to define the role of surgery in the treatment of hy-
perparathyroidism [1, 3, 4]. The intervening period of time 
has seen significant changes in presentation, diagnosis, and 
treatment of parathyroid disease. The indications for surgery 
have been refined, and additional surgical techniques and ad-
juncts have been developed and studied. Currently, approxi-
mately 20,000 parathyroid surgeries are performed each year 
in the USA [5]. The modern parathyroid surgeon must be an 
expert diagnostician, familiar with the full spectrum of para-
thyroid disease including secondary and tertiary hyperpara-
thyroidism, familial syndromes, and mild, less clinically ap-
parent forms of primary hyperparathyroidism. He/she must 
be an astute decision maker and a meticulous surgeon with 
expertise in the various surgical techniques and use of ad-
juncts. Finally, the surgical management of parathyroid dis-
ease demands a familiarity with the potential postoperative 
issue or complications faced by these patients. This chapter 
outlines important postoperative considerations in parathy-
roid surgery.

Complications/Considerations

Hypocalcemia/Hungry Bone Syndrome

The importance of the parathyroid glands after thyroid sur-
gery was illustrated early via Dr. William Halstead’s obser-
vations of the divergent patterns of postoperative complica-
tions between two prominent European surgeons, Kocher 
and Billroth [6]. While Kocher was a meticulous surgeon 
known for careful dissection, complete removal of the thy-
roid and preservation of surrounding structures in a “blood-
less field,” Billroth’s surgeries were conducted at a more 
rapid pace with remnant thyroid tissue and more likely injury 
to adjacent anatomy. Interestingly, while Kocher’s patients 
commonly developed hypothyroid myxedema, they rarely 
developed tetany, an almost inverse pattern to that seen in 
Billroth’s practice (Table 1).

Similarly, the potential for hypocalcemia following para-
thyroid surgery was demonstrated in early clinical experience. 
The first “successful” parathyroidectomy was performed by 
Isaac Olch in 1929 [1, 3]. The patient had significant bone 
disease with cystic tumors and a palpable parathyroid gland. 
Postoperatively, the patient developed tetany and was treated 
with calcium. Postoperative hypocalcemia in these patients 
may be related to intentional or accidental removal or devas-
cularization of all functional parathyroid tissue. In addition, 
the clinical picture may be contributed to by suppression of 
the remaining normal glands or by an abrupt change in the 
balance of bone remodeling. Prolonged, significant hypocal-
cemia due to this latter mechanism is referred to as hungry 
bone syndrome.

The presumed pathophysiology of hungry bone syndrome 
results from the impact of a prolonged period of excess para-
thyroid hormone (PTH) on the process of bone remodeling 
[7]. Crucial to normal bone health, remodeling consists of 
osteoclast-mediated bone resorption coupled 2–3 weeks 
later with osteoblast-mediated bone formation. The portion 
of bone in this “in-between” phase is referred to as the re-
modeling space. In the preoperative state, PTH elevation tips 
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the balance in favor of osteoclastic resorption resulting in 
an expansion of the remodeling space and an overall deple-
tion in bone mineralization. Following successful parathy-
roidectomy, bone resorption abruptly decreases tipping the 
balance in favor of formation. The drop in remodeling space 
requires increased skeletal usage of minerals and may result 
in the abrupt drop in plasma levels of calcium and phosphate. 
While most hypocalcemia following surgery is mild and 
self-limiting, the term hungry bone syndrome is typically re-
served for those requiring significant supplementation, often 
in the form of intravenous (IV) calcium over a prolonged 
period of time.

Hypocalcemia may present with perioral or extremity 
paresthesias and/or muscle cramping. Clinical assessment 
can be performed with Chvostek’s or Trousseau’s signs [8]. 
Chvostek’s sign is elicited by tapping over the proximal fa-
cial nerve with resultant muscle twitching at the corner of the 
mouth. While simple to perform, this test is lacking in both 
specificity, as it is present in 10 % of the normal population, 
and sensitivity, being absent in 30 % of those with hypocal-
cemia [9, 10]. The Trousseau sign is tested by inflating a 
blood pressure cuff above the systolic pressure for 2–3 min. 
The resultant hypoxia and acidosis are then observed to elic-
it carpo-pedal spasm in the setting of hypocalcemia-related 
nerve irritability. This test is more sensitive than Chvostek’s 
but is more arduous and painful to perform. Thus, some au-
thors have suggested that its practice be abandoned [8]. More 
profound hypocalcemia can result in seizures, tetany, and in 
rare cases cardiac failure, which is reversible with treatment 
[11, 12].

Hypocalcemia: Primary Hyperparathyroidism

Reported rates of hypocalcemia following surgery for pri-
mary hyperparathyroidism vary widely in the literature. This 
likely reflects the heterogeneity in patients, the duration of 
disease, and surgical practice across publications. Early re-
ports of transient postoperative hypocalcemia in the 1980s 
quoted rates in the 20–50 % range [7, 13, 14]. The higher 
side of this range appeared to be associated with the practice 
of routine biopsy of all parathyroids found during bilateral 
exploration. While larger contemporary series tend to quote 
lower rates, a wide range continues to be reported in the lit-
erature. This variability appears to be due to a wide number 
of factors related to: (1) the patient, (2) the disease, and (3) 
surgical findings and techniques (Table 2).

Conflicting reports exist regarding the impact of age on 
the risk of postoperative hypocalcemia. Some reports have 
found an association with older age [15, 16]. Conn et al. 
found that postoperative hypocalcemia was significantly 
more common in older patients and in those with hyperten-
sion [16]. In contrast, Zuberi et al. reported that younger pa-
tients seem to be at higher risk [17]. Gender, however, does 
not appear to have a significant, independent impact [18]. 
Preoperative medications have also been linked to the risk 
of postoperative hypocalcemia. Schnieder et al. reported a 
series of 281 patients undergoing surgery for primary hyper-
parathyroidism [19]. On multivariate analysis, the authors 

Table 1  Postoperative complications after parathyroidectomy
Complication Incidence Reference(s)
Hypocalcemia (HBS)
Primary 5–100 % (0–75 %) [7, 13–33]
Secondary 80–100 % (27–95 %) [24, 38–42]
RLN injury
Initial 0.1–1.5 % [8, 28, 29]
Reoperation 2.3–6 % [35, 36, 45, 46]
Wound
Hematoma < 1 % [28, 47, 48]
Infection 0.02–0.3 % [49, 51]
Other
VTE 0.1–0.25 % [29, 49, 52]
Pseudogout Rare [59]
Cardiac 0.08–0.11 % [11, 12, 29, 49, 53]
Pulmonary 0.13–0.29 % [29, 49, 53]
Pneumothorax Rare [56, 57]
Tetraplegia Rare [58]
Hyperthyroidism
Biochemical 33 % [54]
Clinical Rare [55]
HBS hungry bone syndrome, RLN recurrent laryngeal nerve, VTE 
venous thromboembolism

Table 2  Factors predicting hypocalcemia after parathyroidectomy
Factor ↑/↓ References
Primary hyperparathyroidism
Age ↑(↓) [15–17]
Gender No effect [18]
Preoperative calcium ↑ [16, 22]
Preoperative PTH ↑ [16, 21]
Preoperative vitamin D ↑ [20, 21]
Bone disease ↑ [22, 26, 27]
Preoperative ALP ↑ [15, 30]
Calcium-lowering meds ↑ [19]
Extensive exploration/bx ↑ [13, 16, 22, 31, 32]

# Glands removed ↑ [17, 22, 24]
Adenoma weight ↑ [7, 14, 15]
PTH drop > 85 % ↑ [23, 33]
Secondary hyperparathyroidism
Age ↓ [39]
Pre-op calcium ↓ [41]
Pre-op ALP ↓ [41]
Pre-op PTH ↑ [42]
Calcium-lowering meds ↑ [40]
Weight removed ↓ [41]
PTH parathyroid hormone, ALP alkaline phosphatase, bx biopsy, ↑ 
decreased level of factor linked to greater risk, ↑ increased level of 
factor linked to greater risk
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found that patient taking two or more calcium-lowering 
medications were significantly more likely to encounter 
postoperative hypocalcemia.

The role of the patient’s vitamin D status has also been 
suggested to influence postoperative calcium levels. Stewart 
et al. reported a higher incidence of symptomatic hypocal-
cemia following parathyroid surgery in vitamin D-deficient 
patients [20]. Lang et al. noted similar findings in a series 
of 80 patients treated with minimally invasive parathyroid-
ectomy [21]. However, the authors noted that these patients 
also tended to have a higher preoperative PTH bringing into 
question the mechanism of this effect. In contrast, Press et al. 
in a series of more than 1700 patients noted no difference in 
oral calcium intake and postoperative, symptomatic hypo-
calcemia between groups of patients with markedly different 
vitamin D levels. Potentially, the routine use of supplementa-
tion in these patients may have masked smaller differences. 
In all three aforementioned series, 25-hydroxy vitamin D3 
was measured.

As one might expect, certain disease factors seem to be 
linked to the risk of postoperative hypocalcemia. Higher lev-
els of both PTH and calcium have been linked to increased 
risk [16]. Using multivariate analysis on a series of 6000 pa-
tients undergoing parathyroidectomy for primary hyperpara-
thyroidism, Vasher et al. found preoperative calcium was in-
dependently predictive of postoperative hypocalcemia [22]. 
At their center, the authors utilize the preoperative calcium 
level as part of the protocol to determine upfront the level of 
post parathyroidectomy calcium supplementation. Similarly, 
Lang et al. found preoperative PTH levels to be significantly 
higher in patients requiring postoperative calcium supple-
mentation [21]. These findings are certainly not universal 
with several additional series failing to observe a significant 
link between preoperative laboratory values and hypocalce-
mia in the postoperative period [17, 20, 23–25].

Given the proposed role of increased skeletal mineral 
usage in the etiology of postoperative hypocalcemia, it 
would seem reasonable to hypothesize that more advanced 
bone disease would portend a higher risk. Certainly, series 
that report a substantial rate of skeletal manifestations tend 
to have high rates of postoperative hypocalcemia [26, 27]. 
Gopal et al. reported a series of 79 patients treated for prima-
ry hyperparathyroidism in western India [27]. In this patient 
population, radiographic evidence of skeletal manifestations 
was evident in 75 % of the patients. In this series, all pa-
tients were started on immediate postoperative oral calcium. 
Despite this, 60 % of patients developed transient hypopara-
thyroidism and 30 % showed evidence of significant hungry 
bone syndrome. Similarly, Agarwal et al. reported symptom-
atic hypocalcemia despite routine oral calcium and vitamin 
D supplementation in 46/52 patients with osteitis fibrosa 
cystica following surgery. All 46 patients required treatment 
with IV calcium gluconate. In comparison, large studies 

from more developed countries in which most patients have 
asymptomatic hyperparathyroidism and advanced bone dis-
ease is rare report significantly lower rates of hypocalcemia 
and rarely mention IV calcium infusion [22, 28, 29].

Radiologic evidence of skeletal manifestations may in-
clude osteitis fibrosa cystica, lytic lesions, browns tumors, 
subperiosteal erosions, and fractures [7, 26, 27] (Fig. 1) In 
addition, Vasher et al. found that a bone mineral density t 
score of < 3.0 was predictive of postoperative hypocalcemia 
on multivariate analysis. Alkaline phosphatase has also been 
suggested as a serum marker of more advanced bone disease. 
Multiple series have demonstrated that elevated levels of al-
kaline phosphatase were associated with the need for postop-
erative calcium [15, 30]. Additional serum bone markers are 
not used in routine clinical practice.

Intraoperative factors have also demonstrated a clear 
impact. In general, hypocalcemia has been associated with 
more extensive removal or manipulation of parathyroid tis-
sue [13, 14, 16, 17, 22, 24, 25, 31, 32]. The practice of rou-
tine biopsy of all parathyroid glands during a bilateral explo-
ration was largely abandoned in the 1980s after it was shown 
to result in higher rates of postoperative hypocalcemia with 
similar cure rates compared to a more conservative strategy 
[13]. Even in the absence of biopsies, it appears that more 
extensive exploration may result in a greater degree of hypo-
parathyroidism [16, 22, 31, 32]. In a randomized controlled 
trial of unilateral versus bilateral exploration, Bergenfelz 
et al. reported that patients undergoing the more extensive 
operation required more oral calcium supplementation, and 
had lower postoperative calcium levels and more frequent 
episodes of symptomatic hypocalcemia [31]. In a subsequent 
review of a large-scale national database, including more 
than 2700 patients, the same author demonstrated lower rates 
of postoperative hypoparathyroidism associated with the use 
of preoperative localization and intraoperative PTH [32].

Given the aforementioned reports, it is not surprising that 
postoperative hypocalcemia is more common when a greater 
number of glands require removal at surgery [17, 22, 24]. 
Even when a single gland is removed, the weight of the para-
thyroid adenoma appears to be correlated with the need for 
calcium supplementation [7, 14, 15]. In addition, the mag-
nitude of the drop in intraoperative PTH is predictive of the 
postoperative course [23, 33]. Crea et al. found that an 85 % 
drop in intraoperative PTH was reliably predictive of post-
operative hypocalcemia in patients with primary hyperpara-
thyroidism.

Fig. 1  Radiograph show-
ing advanced bone disease 
with osteitis fibrosa cystica 
in a patient with hyperpara-
thyroidism. Arrows indicate 
osteolytic bone lesions
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Perhaps the final factor contributing to the wide range of 
quoted rates in the literature lies in the evolution and vari-
ability of postoperative care. In particular, there has been a 
shift toward short-stay or same-day discharge after parathy-
roid surgery in many centers. As postoperative issues have 
the potential to delay discharge, many centers now practice 
routine calcium supplementation following parathyroidec-
tomy. In the series of 6000 patients reported by Vasher et 
al., routine postoperative oral calcium supplementation was 
tailored to the patients’ risk for postoperative hypocalcemia 
[22]. In that report, less than 8 % of patients reported hy-
pocalcemic symptoms and just 0.1 % required return to the 
emergency department for IV calcium. Thus, it is likely that 
oral supplementation is given to many patients in sufficient 
quantities to avoid hypocalcemia that would have been re-
ported in earlier series during which this practice was less 
common.

Permanent hypoparathyroidism is exceedingly rare 
(< 1 %) following initial surgery. While significantly higher 
rates have been reported following multiple explorations, 
more recent studies have demonstrated that reoperative para-
thyroid surgery in experienced hands can be performed with 
minimal morbidity [34–37].

Hypocalcemia: Renal Hyperparathyroidism

Rates of hypercalcemia following surgery for renal hyper-
parathyroidism are significantly higher than those seen in 
the primary hyperparathyroidism literature [24, 38-42]. Cer-
tainly, this should not come as a surprise when the initial eti-
ology in this population is linked to hypocalcemia. Virtually 
all patients undergoing operation for secondary hyperpara-
thyroidism require postoperative oral calcium supplemen-
tation. In addition, more profound hypocalcemia related to 
hungry bones is significantly more common. Goldfarb et al. 
reported that 27 % of 79 patients undergoing subtotal para-
thyroidectomy for secondary hyperparathyroidism required 
postoperative IV calcium [39].

Similar to the literature on primary hyperparathyroidism, 
several authors have examined the risk factors for significant 
postoperative hypocalcemia and hungry bone syndrome fol-
lowing parathyroidectomy. Contrary to the aforementioned 
literature, young age and low preoperative calcium and al-
kaline phosphatase levels appear to be linked to the develop-
ment of severe hypocalcemia. The data on preoperative PTH 
are less clear with some reports showing no link [39–41] 
while others associate a high PTH with postoperative hypo-
calcemia [42]. Preoperative use of cinecalcet has also been 
linked to hungry bone syndrome [40]. Interestingly, Torer 
et al. reported that lower weight of resected parathyroid tissue 
was associated with postoperative hypocalcemia opposite of 
what has been observed in primary hyperparathyroidism [41].

Postoperative Care

At our institution, patients are followed up postoperatively 
with twice-daily serum calcium (albumin corrected) and 
phosphate levels. Magnesium levels are obtained in cases 
of difficult-to-correct hypocalcemia or suspected hungry 
bone disease. Routine oral calcium supplementation is not 
routinely given in cases of primary hyperparathyroidism as 
we do not practice same-day discharge. Oral calcium sup-
plementation may be started at the surgeons’ discretion if a 
high likelihood of significant postoperative hypocalcemia is 
suspected. Mild postoperative hypocalcemia in patients with 
primary hyperparathyroidism is typically manageable with 
oral calcium and vitamin D supplementation alone. Patients 
with secondary hyperparathyroidism are followed up for 
a longer period of time, as patients with hungry bone syn-
drome may not reach the nadir of their serum calcium level 
for several days after surgery [39]. The patients are placed 
on oral calcium supplementation and resume their 1,25-dihy-
droxy vitamin D3 supplements. Close coordination with the 
dialysis team is important as alterations of calcium concen-
tration in the dialysate are often utilized to control serum lev-
els in those with hungry bone syndrome. When required, IV 
calcium gluconate infusion is instituted. Prolonged infusions 
or more concentrated solutions are given through a peripher-
ally inserted central catheter (PICC) or central venous line.

Hypocalcemia Summary

Considerable variability in the rates of postoperative hypo-
calcemia is quoted in the literature. Significant, prolonged 
hypocalcemia is uncommon in primary hyperparathyroid-
ism without bone involvement. When this does occur, it can 
typically be managed with oral calcium supplementation. In 
contrast, hypocalcemia is more common following surgery 
for secondary hyperparathyroidism. These patients are more 
likely to require IV calcium infusion and more prolonged 
in-hospital observation. Specific risk factors have been iden-
tified which increase the risk of significant hypocalcemia 
following surgery. Many of these risk factors are specific to 
either primary or secondary disease.

Other Complications

RLN Injury
Injury to the recurrent laryngeal nerve (RLN) is uncom-
mon in parathyroid surgery. Nonetheless, careful dissection 
is warranted given the proximity of the parathyroid glands 
to the nerve. Untch et al. examined the proximity of the 
parathyroid glands to the RLN in 136 patients undergoing 



167Parathyroidectomy: Postoperative Considerations/Complications

parathyroid surgery. The authors noted the median distance 
to the nerve was 5 mm, with the superior glands on average 
lying closer than the inferior glands [43]. Large series from 
centers with experienced endocrine surgeons typically re-
port rates between 0 and 1.5 % for initial surgery [8, 28, 29]. 
However, the association between surgeon experience and 
complications in endocrine surgery has been well document-
ed and may limit the generalizability of these findings [44]. 
Early studies suggested that reoperative exploration carried 
a significantly higher risk. Patow et al. reported a 6.6 % rate 
of nerve injury in 163 patients undergoing reoperative sur-
gery [45]. However, more recent series, utilizing preopera-
tive localization algorithms and performed by experienced 
parathyroid surgeons, have reported injury rates closely ap-
proximating those seen in initial surgery [35, 36, 46].

Wound Complications
Postoperative hematoma is a rare complication of parathy-
roid surgery. Most series quote rates of less than 1 % [28, 47, 
48]. Regardless, this complication is potentially life-threat-
ening and should be managed with expedient exploration 
and evacuation. Similarly, surgical site infection is quite rare 
after parathyroid/thyroid surgery. Gupra et al. examined 30-
day mortality and morbidity following thyroid and parathy-
roid surgeries using the National Surgical Quality Improve-
ment Program database over a 2-year period. In a sample 
of 6154 parathyroid surgeries, superficial and deep neck in-
fections were seen in just 0.3 and 0.02 %, respectively [49]. 
As parathyroid surgery is considered a “clean” procedure, 
routine preoperative antibiotic prophylaxis is not mandated 
[50]. In a randomized, controlled trial of 500 patients under-
going thyroidectomy, Aveia et al. failed to show any differ-
ence in surgical site infection between those given routine 
antibiotic prophylaxis and those who were not [51]. While 
evidence does not exist to support the routine use of antibi-
otics in these operations, practice appears to vary between 
centers and surgeons. Moalem et al. surveyed 518 members 
of the American Association of Endocrine Surgeons (AAES) 
and the International Association of Endocrine Surgeons 
(IAES) [50]. Of the 57.1 % who responded, 62 % reported 
that they “never” administer preoperative antibiotics and 
26.2 % responded that they “always” do.

Rare Complications
Additional complications have been reported following 
parathyroid surgery but are exceedingly rare. Deep venous 
thrombosis and pulmonary embolism are seen in 0.1–0.25 % 
[29, 49, 52]. Roy et al. compared the incidence of deep vein 
thrombosis/pulmonary embolism (DVT/PE) in 16,022 pa-
tients who underwent thyroid and parathyroid surgery with a 
total cohort of almost 350,000 patients undergoing any sur-
gical procedure [52]. They found that the risk of DVT/PE 
(0.16 %) was significantly lower than in the larger popula-

tion of surgical patients. In addition, given that the likelihood 
of return to the operating room for a neck hematoma was ten 
times that of DVT/PE, the authors recommended that phar-
macologic prophylaxis be reserved for patients at higher risk 
of venous thromboembolism.

Postoperative cardiac events are rare as is pneumonia and 
respiratory failure requiring intubation and admission to the 
intensive care unit [29, 49, 53]. Biochemical evidence of hy-
perthyroidism can be seen in up to a third of patients [54] but 
is rarely clinically significant [55]. Postoperative pneumo-
thorax has been reported typically associated with mediasti-
nal dissection [56, 57]. Tetraplegia following parathyroidec-
tomy for secondary hyperparathyroidism has been reported 
as well [58]. These cases were thought to be a consequence 
of extreme neck positioning, potentially in the setting of 
bone involvement of the cervical spine. One final complica-
tion that deserved mention is the development of postopera-
tive pseudogout [59]. This rare complication is likely related 
to release of calcium pyrophosphate crystals from the articu-
lar cartilage as a result of decreased solubility in the face of 
falling serum calcium. Pseudogout can affect any joint but is 
most commonly seen in the knee [59].

The overall morbidity of parathyroid surgery is quite low. 
In addition to hypocalcemia, a range of other complications/
postoperative issues have been described that the parathy-
roid surgeon must be aware of. As hospital stays decrease for 
these surgeries, patients may present following discharge. 
Young et al. examined the 30-day postoperative incidence 
of presentation to the emergency department in 570 patients 
following thyroid or parathyroid surgeries [60]. The rate of 
emergency department visits was 11 % and not significantly 
different between thyroid and parathyroid procedures. The 
most common presenting complaint was paresthesias. Most 
patients with paresthesias were found to have no electrolyte 
abnormalities or mild deficiencies that were corrected in the 
emergency department (ED) and then were discharged home.

Recurrence/Persistence

In experienced hands, parathyroid surgery is highly success-
ful. However, a small proportion of patients will present with 
persistent or recurrent disease. Persistent disease is defined 
by hypercalcemia occurring within 6 months of surgery, 
while recurrent disease is characterized by initial eucalcemia 
with hypercalcemia developing beyond 6 months [8]. Most 
operative failures are persistent disease. The rate of persis-
tent/recurrent disease is approximately 1–5 % [29, 48, 61–
64]. Potential causes of operative failure include: (1) failure 
to locate an adenoma; (2) inadequate resection in multigland 
hyperplasia, double adenoma, or unrecognized familial dis-
ease; and (3) rare cases of parathyromatosis or recurrence of 
parathyroid cancer.
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A number of factors may show recurrence/persistence 
following parathyroid surgery. Surgeon experience plays a 
significant role in operative failure. A number of series have 
found preventable causes of reoperation to be significantly 
more common in patients operated on at low-volume centers 
[65, 66]. Chen et al. found that reoperations on patients ini-
tially operated on at low-volume centers more often found 
a missed adenoma in a normal anatomic position (89 %) 
compared to those from high-volume centers (13 %) [65]. 
Most series have not suggested a difference in persistent or 
recurrent disease with focused versus bilateral exploration 
[29, 31, 48, 63]. However, more recent data have suggested 
a trend toward increased late recurrence in focused surgery 
[62, 67]. Interestingly, operative failure may be higher fol-
lowing resection of double adenoma [61]. A potential expla-
nation for this phenomenon is that a proportion of these cases 
represent unrecognized four-gland hyperplasia. Finally, the 
shape of the intraoperative PTH curve may predict recur-
rence. Schnieder et al. found that patients with PTH levels 
showing a “rebound” after reaching the > 50 % drop criteria 
had double the chance of recurrence compared to those that 
did not [68].

Recurrence after surgery for renal hyperparathyroidism 
appears to be slightly higher. In secondary hyperparathyroid-
ism, the recurrence rate may be related to the extent of ini-
tial surgery [69–71]. In general, total parathyroidectomy has 
lower recurrence rates than total with autotransplant or sub-
total resections [69–71]. In addition, supranumerary glands 
are found in 13 % of patients with secondary hyperparathy-
roidism. Most commonly, these are located in the thymus. In 
an analysis of 95 patients undergoing neck reexploration for 
recurrent secondary hyperparathyroidism, Schneider et al. 
found intrathymic parathyroid glands in 28.4 % [72]. On the 
basis of this data, the authors suggested that bilateral cervical 
thymectomy should be routine in the initial operative treat-
ment of secondary hyperparathyroidism. Similarly, recur-
rence in patients with tertiary hyperparathyroidism may be 
linked to the extent of initial operation [73–76]. Total para-
thyroidectomy ± autotransplant and subtotal appear to have 
similar results [73, 74, 76, 77]. However, the argument that 
not all glands necessarily develop autonomous function has 
led some surgeons to consider more limited resections [75]. 
Kebebew et al. found that patients undergoing reoperation 
were more likely to have undergone initial one- or two gland 
resections [74]. In contrast, Pitt et al. compared recurrence 
in 140 patients who underwent limited versus subtotal para-
thyroidectomy for tertiary hyperparathyroidism [75]. The 
authors found that recurrence/persistence was independent 
of the extent of operation on logistical regression. In addi-
tion, postoperative hypocalcemia was more common after 
subtotal resection.

Reoperation

Given the potential for increased perioperative morbidity, 
patients with recurrent or persistent hyperparathyroidism 
should be evaluated by an experienced parathyroid surgeon 
[8, 35–37, 45]. Careful assessment of the patient should fol-
low an organized approach to determine if another operation 
is appropriate. All previous records should be reviewed and 
a careful history taken. As failed exploration may result from 
an error in diagnosis, care should be taken to confirm that 
the patient does indeed have primary hyperparathyroidism. 
Secondary hyperparathyroidism and familial hypocalciuric 
hypercalcemia must be excluded. Evidence of familial dis-
ease should be sought on history as these patients are more 
prone to recurrence [78–80]. If appropriate, patients should 
be referred for genetic testing. All previous documentation 
including biochemical testing, imaging, operative reports, 
and histology should be reviewed. This should give the sur-
geon a sense of whether recurrence is likely related to multi-
gland disease or a missed adenoma.

The decision to proceed to reoperation should balance 
the benefits against the increased difficulty, and potential 
morbidity of surgery in a previously operated field. While 
no specific guidelines exist for reoperative surgery, indica-
tions can be extrapolated from those published for the initial 
procedure [81]. Patients with mild, asymptomatic hyperpara-
thyroidism may be better served with observation. Once the 
decision to explore reoperation has been made, the focus 
should shift to localization. Reexploration in the absence of 
localization is rarely indicated. Noninvasive tests should be 
utilized initially. These may include ultrasound, Tc99 sesta-
mibi scan with single-photon emission computed tomogra-
phy (CT), 4-D CT, and magnetic resonance imaging (MRI). 
When noninvasive tests fail to localize the abnormal para-
thyroid tissue, selective venous sampling for PTH can be 
utilized. If an equivocal finding is noted on cross-sectional 
imaging, this can be clarified with ultrasound-guided fine-
needle aspiration with PTH assay of the needle wash. Preop-
erative laryngoscopy is mandatory prior to any reoperative 
parathyroid surgery.

A full description of reoperative parathyroid surgery is 
beyond the scope of this chapter. Needless to say, the para-
thyroid surgeon should be familiar with the principles of 
reoperative neck surgery and have extensive knowledge of 
parathyroid anatomy including the locations of potential ec-
topic glands. The surgeon may take advantage of an alternate 
operative approach, lateral to the strap muscles in order to 
minimize dissection in previously operated planes. Finally, 
he/she should be prepared to alter the operative plan in the 
face of unexpected findings. In experienced hands, and in 
appropriately selected patients, reoperative parathyroid sur-
gery can be performed safely, with cure rates approximating 
those seen at initial exploration [35, 36, 46, 74, 81–83].
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Conclusion

While generally an effective procedure with low morbidity, 
parathyroid surgery has some important postoperative con-
siderations with which the experienced endocrine surgeon 
should be familiar. The most common postoperative issue 
encountered is hypocalcemia. Following surgery for primary 
hyperparathyroidism, hypocalcemia is typically mild and 
manageable with oral calcium supplementation, often as an 
outpatient. Several risk factors related to the patient, the dis-
ease, and the surgical procedure have been identified which 
may predict the occurrence of more severe hypocalcemia. In 
rare patients with more marked disease, particularly those 
with skeletal involvement, hungry bone syndrome may re-
sult in more profound and prolonged hypocalcemia, poten-
tially requiring IV calcium infusion. Hungry bone syndrome 
is more common following surgery for renal hyperparathy-
roidism. These patients are inappropriate for same-day/early 
discharge surgery and require more careful postoperative 
observation. Parathyroid surgeons should be aware of addi-
tional, more rare complications which include but are not 
limited to: (1) RLN injury, (2) wound hematoma or infec-
tion, (3) venous thromboembolism, (4) and general postop-
erative cardiopulmonary complications.

Following initial surgery for primary hyperparathyroid-
ism, persistent or recurrent disease occurs in less than 5 %. 
Outcomes and morbidity are both linked to surgeon expe-
rience. Recurrence is more common following surgery for 
renal hyperparathyroidism and may be linked to the extent of 
initial resection. In secondary hyperparathyroidism, supra-
numerary and ectopic glands are common. These are often 
found in the thymus. Several authors suggest that bilateral 
cervical thymectomy be routine in these patients. When re-
current or persistent disease is encountered, referral to an ex-
perienced parathyroid surgeon is critical. A thorough history 
and review of previous documentation and testing should be 
undertaken. The surgeon must confirm the diagnosis, deter-
mine the likely cause of recurrence, and weigh the benefits 
of reoperation with potential morbidity. Localization is para-
mount to safe reoperative surgery and blind exploration is 
rarely, if ever, indicated. Noninvasive studies are utilized 
first with invasive tests reserved for unclear or discordant 
imaging. In experienced hands, outcomes of reoperative sur-
gery approximate those seen at initial exploration with ac-
ceptable morbidity.

Key Summary Points

•. In addition to diagnostic knowledge, astute decision mak-
ing, and surgical skill, the modern parathyroid surgeon 
must be familiar with the full range of potential postop-
erative issues.

•. Postoperative hypocalcemia may be related to removal/
devascularization of all parathyroids, suppression of 
remaining glands, or abrupt changes in bone metabolism.

•. Significant/prolonged postoperative hypocalcemia is 
more common in patients with renal hyperparathyroid-
ism.

•. Risk factors for hypocalcemia have been identified that 
may help the clinician anticipate the need for more pro-
longed/inpatient calcium supplementation.

•. The RLN injury is low but may be more common in reop-
erative surgery.

•. Wound infections are rare, and convincing evidence for 
prophylactic antibiotic use is lacking.

•. Recurrent or persistent disease following surgery for 
primary hyperparathyroidism occurs in 1–5 %, (may be 
higher in renal hyperparathyroidism).

•. Assessment of patients requiring reoperative parathyroid 
surgery should be left to an experienced surgeon with a 
high-volume practice.
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František Chvostek (1835–1884) was born in Frýdek-Místek, 
Moravia on May 21, 1835. The historical country of Moravia 
occupied most of the eastern part, which is now known as the 
Czech Republic. It shared a border and history with Austria 
as part of the Austro-Hungarian Empire that was ruled for 
centuries by the Hapsburg family. After World War I, Mora-
via became a part of Czechoslovakia. It officially ceased to 
exist as a political entity in 1949 when the Communist party 
rearranged the land into regions with borders that were very 
different than those that existed historically. With the fall 
of the Soviet Union and the breakup of Czechoslovakia in 
1993, the land formerly known as Moravia became a part of 
the Czech Republic.

Chvostek moved from Moravia to Vienna, Austria and 
studied medicine at Josephinum, where he received his doc-
torate in 1861. The school, also called Josephs-Akademie, 
was an academy for the training of military doctors. It was 
founded in 1782 by Joseph II, Holy Roman Emperor and ruler 
of the Habsburg lands at the time. Joseph II was a subscriber 
to the reform movement of the time known as the Age of En-
lightenment. This new way of thinking emphasized reason 
and rationality over tradition, and sought to advance knowl-
edge through the scientific method. In addition to founding 
the Josephinum Medical School, Jospeh II attempted to cen-
tralize medical care in Vienna through the establishment of 
a single, large hospital—Allgemeines Krankenhaus—which 
was developed from already-existing buildings that were 
used as a home for the poor and invalid. This was rededi-
cated for use as a hospital on August 16, 1784. Although 
revolutionary in its design and its intent to centralize medi-
cal care for all those requiring medical services whether or 
not they could pay, including mental health services, it was 

plagued by poor sanitation that caused epidemics and a 20 % 
death rate [1]. It is in this very hospital in 1847 that Dr. Ignaz 
Philipp Semmelweis made his famous discovery that hand 
disinfection between patients on an obstetrical ward drasti-
cally reduced the incidence of puerperal fever. The hospital 
still exists today and is the largest university hospital in Eu-
rope, and is the site of the Medical University of Vienna.

Chvostek served at Garnisonspital Nr. 1 (English: “mili-
tary hospital”) in Vienna for 2 years after his graduation, then 
served at his medical school as the assistant of Dr. Adalbert 
Duchek, a favorite teacher at Josephinum. He developed an 
interest in electrotherapy, and began lecturing on this topic 
in 1868 at the school. When Duchek left in 1871, Chvostek 
took over as the director of the medical clinic until the acade-
my closed in 1874. Today, the Josephinum Academy is home 
to the Institute for the History of Medicine of the Medical 
University of Vienna.

In 1876, he published the paper describing what is now 
known as Chvostek’s sign, “Beitrag zur Tetanie” (English: 
“An article about Tetany”) in the Vienna medical press. He 
described increased mechanical irritability of peripheral 
nerves in tetany. The sign consists of the rapid contraction 
of the facial muscles supplied by the seventh cranial nerve 
elicited by tapping on the nerve itself. Chvostek described 
percussing the seventh nerve in front of the external auditory 
meatus, and claimed that the muscle contraction evoked was 
not a reflex, but was due to direct stimulation of the facial 
nerve [2]. A few years later, in 1882, Schultze elicited the 
same response by tapping a region between the zygomatic 
arch and the corner of the mouth, and debate ensued about 
whether this was direct stimulation of muscle fibers, nerve, 
reflex, or some combination of mechanisms [3]. Figure 28.1 
shows the two points over which to percuss to elicit the re-
sponse. Medical students today are taught to perform this 
maneuver when examining a patient with hypoparathyroid-
ism or with suspected hypocalcemia, but it is interesting to 
note that Chvostek’s original publication happened before 
parathyroid glands were even discovered in humans. Ivar 
Viktor Sandström, a Swedish medical student, first described 
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the gland in humans 4 years after Chvostek’s description of 
his sign in 1880 [4], and it was not until many years later 
that the glands were known to regulate calcium metabolism. 
Chvostek was describing something he observed in patients 
with tetany; it was only later that we fully understood the 
underlying pathophysiology of tetany and only later that Ch-
vostek’s sign became associated with hypocalcemia.

Chvostek’s sign has been reported to be positive in many 
diseases: tetany in the newborn, hypoparathyroidism, alka-
losis, rickets, diptheria, measles, scarlet fever, alcoholism, 
whooping cough, typhoid fever, tonsillar diseases, myxede-
ma, joint neuralgia, and tuberculosis. The common pathway 
in many of these states seems to be hypocalcemia, but many 
published papers report a positive Chvostek’s sign in 5–50 % 
of normal healthy people, particularly children, giving it a 
fairly poor specificity. In 20 % of patients with a positive Ch-
vostek’s sign, this is a unilateral finding, and is a transient 
finding in other patients. Additionally, it can be negative in 
up to 30 % of patients who do have hypocalcemia, making its 
sensitivity poor, as well [5]. Dr. Chvostek had a son who fol-
lowed in his father’s footsteps and became a physician. Franz 
Chvostek, Jr. published numerous papers describing the sign 
first described by his father, and was one of the first to as-
sociate the sign with derangement of the parathyroid glands. 
He concluded one article written in 1907 (31 years after his 
father originally described the sign) with the following

We believe that the mechanical hyperexcitability of the nerves, 
especially the facial, is an easily elicited and important symp-
toms of diseases of the parathyroids, a delicate test which 
reveals to us a disturbance in the functions of these organs. [6]

In addition to his discovery of the sign that eventually was 
linked to hypocalcemia and hypoparathyroidism, he was a 
prolific writer and was very interested in the use of electric-
ity as medical therapy. Chvostek published at least 163 ar-
ticles on various medical subjects, mostly related to pathol-
ogy and treatment of diseases of the nervous system, but at 
least six on the therapeutic use of electricity in medicine [7]. 
Interestingly, what seemed to capture his attention for many 
years was the treatment of another endocrine disorder, goiter.

In 1835, Robert James Graves described a disease that 
presented with goiter and exophthalmos. Today, we know 
Graves’ disease as hyperthyroidism caused by circulating 
autoantibodies, but during Chvostek’s time, exophthalmic 
goiter was thought to be caused by derangement of the sym-
pathetic nervous system. Specifically, Chvostek himself 
thought the main pathology of exophthalmic goiter was the 
medulla oblongata, and that cervical chain ganglia and the 
cervical vagus nerve were involved in what was thought to be 
primarily a neurologic problem. Because Chvostek believed 
that neurologic pathologies were amenable to electric ther-
apy, he treated and published his results of over 30 women 
with the affliction. He describes placing one electrode over 

the position of the cervical sympathetic ganglion and one on 
either the goiter or the eyelids. He reports that the electric 
current had a direct effect on the medulla oblongata, the cer-
vical sympathetic chain, and the vagus nerves. He kept the 
current going just sufficient to produce a sensation of burn-
ing, and noted that “strong currents have not seldom been 
followed by patients getting worse.” He noted decrease in 
the pulse rates of women treated with electrotherapy, as well 
as improvement in exophthalmos and shrinking of the goiter 
in all 30 women [8].

A few years later, news of Chvostek’s electrolysis tech-
nique made it across the Atlantic Ocean to Baltimore. In one 
1886 article, it is reported that Chvostek cured nine cases of 
gonorrheal orchitis, one traumatic infiltration in the leg, six 
indolent inguinal buboes (inflamed lymph nodes), 30 goi-
ters, and improved one patient with a large pannus by pass-
ing electrical current through patients. Chvostek’s method is 
described in more detail: “Ordinary sponge electrodes are 
attached to the skin and then to a battery of thirteen Sei-
mens-Halske cells, passing the current in sittings of 5 min 
and changing the location of the electrodes every minute or 
two. If no improvement is seen after 15 sittings, the treat-
ment need not be further pursued.” The author goes on to 
write that he personally tried the method on one woman and 
the goiter diminished somewhat after three sittings, but then 
the patient mysteriously left the city and had not yet returned 
at the time of publication. The author expressed that he re-
ceived a letter from her affirming her belief in the method 
and stating that she wished to resume treatment upon her 
return to Baltimore, but the reader is left to wonder if the 
woman shared her doctor’s enthusiasm for electrolysis, de-
spite the unit that housed the battery cells having the added 
bonus that it was “beautiful as a piece of office furniture” 
(Fig. 28.2) [9].

Chvostek died in 1884, the same year as the famous ge-
neticist, Gregor Mendel, who also was born in Moravia. Ten 
years after his death, Robert Newman called Chvostek “a 

Fig. 28.1  Chvostek’s sign. (From [3]. Reprinted with permission from 
Elsevier Limited.)
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pioneer” in the observation and treatment of exophthalmic 
goiter in an article in the Journal of the American Medical As-
sociation (JAMA) [10]. Fifteen years after Chvostek’s death, 
his accomplishments were lauded in an editorial that heavily 
criticized the work of the famous artist, Gustav Klimt. Klimt 
was commissioned to decorate the ceiling of the Great Hall 
of the University of Vienna. The most controversial of the 
grouping, Medicine, was unveiled in 1901. A massive river 
of chaotically arranged naked figures flows around a figure 
of death, represented as a skeleton. Life, represented as a 
nude young female with an infant at her feet, floats nearby. 
The female figure Hygieia holds the cup of Lethe (oblivion) 
with the Aesculapian snake around her arm (Fig. 28.3). Crit-
ics and university officials despised the work, saying that the 
painter emphasized the powerlessness of the healing arts at a 
time when Vienna was leading the world in medical research, 
thanks, in part to the pioneering work of Frantisek Chvostek. 
A journalist of the time, Karl Krauss, sarcastically likened 
the chaotic confusion of decrepit bodies to the situation in 
a state hospital, and the painting was never affixed to the 
ceiling of the Great Hall. In May, 1945, the painting was 
destroyed as retreating German SS forces set fire to Schloss 
Immendorf, the castle in which it was being stored [11].
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History of Armand Trousseau

Born in Tours, France in 1801, Armand Trousseau (1801–
1867) studied medicine under the apprenticeship of the 
knowledgeable Pierre Bretonneau in Paris [1, 2]. Dr. Trous-
seau began his studies in his hometown, eventually moving 
to Paris to pursue clinical observations (Medicine) at the 
Hôpital Générale during the infamous diphtheria epidemic 
[1, 2]. Receiving his doctorate in 1825, he quickly progressed 
to Agrégé in 1827, the highest teaching post on the faculty 
[2]. A year later, Trousseau was assigned by the French gov-
ernment to probe the causes of epidemics occurring in the 
south of France [2]. After completing his assignment, Trous-
seau traveled to Gibraltar to investigate the causes of yel-
low fever, which at that time had claimed the lives of many 
French people [2]. His research led to the published work 
entitled, Anatomical, Pathological, and Therapeutic Re-
searches of the Yellow Fever of Gibraltar [2].

In addition to gaining notoriety for his work on yellow 
fever, Trousseau wrote a monograph on laryngeal tuberculo-
sis that also garnered him widespread recognition [2]. He re-
ceived the top honor from the French Academy of Medicine, 
in 1837, for his monologue discussing laryngeal tuberculo-
sis. Trousseau succeeded his mentor, Bretonneau, becoming 
one of the first in France to perform a tracheotomy in patients 
suffering from croup and diphtheria; 25 % of his cases were 
successful [2]. He wrote a monograph on the procedural ele-
ments of tracheostomy as well as intubation in 1851, noting 
that tracheostomy was the only way to save a patient from 
succumbing to diphtheria-related laryngo-pharyngeal swell-
ing and suffocation [2].

Regarding his academic appointments, Trousseau was ap-
pointed physician at the Hôpital St. Antoine in 1839 [2]. As 
his accomplishments and publications mounted, Trousseau 
went on to become the chair of therapy and pharmacology.
His work as a distinguished chair demonstrated his exem-
plary teaching and diagnostic capabilities [2]. In 1850, he 
assumed the chair of clinical medicine working at the Hôtel-
Dieu [2]. After 6 years as chair of clinical medicine, Trous-
seau was once again distinguished for his accomplishments 
by being elected as a member of the prestigious French 
Academy of Medicine [2].

Trousseau eloquently described the presentation of many 
disease states and in doing so allowed the reader to draw 
a vivid sketch of the patient’s complaints in his/her mind. 
As the author of many great medical dissertations, includ-
ing Clinique Medicale de l’Hotel Dieu de Paris, he allowed 
his students to learn about certain diseases using a case de-
scription basis. In his monographs, he described well-known 
medical eponyms such as Addison’s disease, Graves’ disease 
and what is now known as Trousseau’s sign of latent teta-
ny—being the first to describe this sign.

Illustation of Armand Trousseau
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Trousseau’s Sign and Its Significance  
in Endocrinology

…I describe to you the phenomena which characterize contrac-
tions, I shall show you that compression of the affected limb 
brings them on very rapidly and without fail. I discovered this 
influence of pressure [on tetany of upper extremities] by chance. 
I was present when a woman suffering from contractions was 
being bled from the arm at the Necker Hospital, and I saw a 
paroxsym return in the hand on the same side when the bandage 
was applied round the arm. I at first thought it was brought on 
by the venous congestion caused by the pressure on the vein; 
but on trying to account for the phenomenon, I found in other 
patients that by compressing the arteries, the same results were 
produced. I have often since repeated the experiment, and as the 
contractions cease as soon as the pressure is removed, and the 
patient is therefore not much troubled…In the upper limbs, the 
thumb is forcibly and violently adducted; the fingers are pressed 
closely together, and semi-flexed over the thumb in consequence 
of the flexion of the metacarpo-phalangeal articulation; and the 
palm of the hand…assumes a conical shape. [3]

Trousseau described how this “mild form of tetany” might 
last 5 min to several hours without interruption, upon which 
the sensation of formication returns yielding termination 
of the spasm [3]. He also described how pain, tingling and 
numbness, anesthesia, and impaired touch accompany the 
convulsions [4]. Regarding the pathophysiology of the tet-
any, Trousseau hypothesized that both arterial and venous 
compression resulted in vascular congestion [3]. He went 
on to report that cold temperatures seem to hinder the con-
tractions when applied to the affected area, yet when normal 
temperature returns, the convulsions are short to follow [3]. 
Trousseau also offered an explanation as to the etiology of 
latent tetany, and believed that the mild convulsions were 
rheumatic in nature, dismissing the notion that serious “or-
ganic lesions” could be the culprit [3]. He also attributed 
pregnancy, lactation, diarrhea, and emotional disturbance as 
causes of latent tetany, describing many cases with the afore-
mentioned ailments he personally witnessed on the hospital 
wards [3]. Today, Trousseau’s sign of latent tetany is used as 
a clinical diagnostic tool for hypocalcemia usually follow-
ing thyroid or parathyroid surgery. Though he did not know 
it at the time, Trousseau’s sign would prove to be clinically 
useful for the detection and treatment of hypocalcemia after 
thyroid and parathyroid surgeries.

In most patients, signs of hypocalcemia such as tetany and 
paresthesias, are manifested through neuromuscular hyper-
excitablity as classically displayed in Trousseau’s sign [5]. 
Observed in 94 % of patients with hypocalcemia and in only 
1 % of people with normal calcium levels, Trousseau’s sign is 
regarded as a more specific physical exam finding than other 
tests such as Chvostek’s sign of masseter muscle contractions 
on tapping the facial nerve [6]. In order to elicit Trousseaus 
sign, the clinician inflates a blood pressure cuff on an upper 
extremity of the patient such that the pressure in the cuff is 
greater than or equal to the patients’ systolic blood pressure 

for about 3–5 min [5, 6]. A positive Trousseau’s sign is docu-
mented if there is spasm of the hand musculature such that 
the thumb is adducted, metacarpohalagneal joints are flexed, 
the proximal and distal interphalagenal joints are extended, 
and the wrist is flexed [5, 6]. The spasms of the hand are due 
to temporary ischemia of the vasculature and hyperexcitable 
nerves [6]. The sign was described by Trousseau as a pos-
ture of opposition (main d’accoucheur). Trousseau’s sign can 
be seen with serum calcium levels ranging between 7.5 and 
8.5 mg/dL or less [5] (Fig. 2). Trousseau’s sign was likely not 
routinely used after thyroid or parathyroid surgery until the 
mid-twentieth century, as the first parathyroid surgery did not 
occur until 1925 [7]. Postoperative tetany, however, was de-
scribed in 1879 by Anton Wolfer in a patient who underwent 
a total thyroidectomy performed by Dr. Theodor Billroth [7]. 
Initially, the posteroperative tetany was felt to be secondary 
to hyperemia of the brain rather than hypocalcemia. It was 
not discovered until approximately 25 years after Dr. Bill-
roth’s first total thyroidectomy that hypocalcemia was in fact 
the cause of the tetany, rather than hyperemia of the brain [7]. 
Through multiple animal experiments, pathologist Dr. William 
MacCallum demonstrated that post-parathyroidectomy tetany 
could indeed be resolved by either injection of pure parathy-
roid hormone extract or by injection of calcium itself [7].

Trousseau’s Other Contributions to the Field  
of Endocrinology

In addition to his contribution describing ways to elicit latent 
tetany, Trousseau was responsible for renaming Basedow’s 
disease to Graves’ disease, a well-known endocrine disorder 
of the time [8]:

Gentleman: You may have noticed at No. 34, in St. Bernard Ward, 
a young woman who has a somewhat strange phyisognomy. Her 
face has a savage expression, her eyeballs are prominent, and 
her complexion pale. She complains of palpitation of the heart; 
her pulse at the wrist is frequent…you could see that her thy-
roid gland was considerably hypertrophied. The coexistence of 
these three pathological phenomena–-palpation, hypertrophy of 
the thyroid gland, and prominence of the eyeballs–-constitutes a 
morbid entity…Basedow’s disease. Although ophthalmologists, 
like Demours, Mackenzie, Sichel, and Desmarres, had already 
mentioned this complaint, which is so remarkable from its three 
prominent symptoms, Graves was the one who called attention 
to it, and afterwards, from Basedow giving a fuller descrip-
tion of it, it was known after his name…the credit of priority 
belonged to Graves in a great measure. [8]

Fig. 1  The elicitation of 
Trousseau’s sign
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In the same fashion of proposing to change “Basedow’s dis-
ease” to “Graves’ disease,” Trousseau suggested to name Ad-
dison’s disease after the English physician who discovered it, 
Dr. Thomas Addison [8]. “I propose then, to give the name 
of ‘Addison’s Disease’ to that singular cachexia which is spe-
cially characterized by the decoloration, or rather the peculiar 
coloration—the bronzed tint—of the skin, which obtained 
for the malady the name under which Addison described it, 
viz., bronzed disease.” In his monologue, Trousseau goes 
on to describe how Dr. Addison described 11 cases associat-
ing bronzed disease with lesions on the suprarenal capsules, 
known today as the adrenal glands. Trousseau’s naming and 
renaming of Addison’s and Graves’ disease may seem trivial; 
however, since the nineteenth century, medicine has recog-
nized these two common diseases by these names [8].

Discussion of Trousseau’s contributions to endocrinol-
ogy would not be complete without differentiating Trous-
seau’s sign from Trousseau’s syndrome (Trousseau’s sign of 
malignancy). Trousseau described the relationship between 
venous thromboembolism and visceral malignancy, now 
known as Trousseau’s syndrome. Trousseau observed mi-
gratory thrombophlebitis, also referred to by Trousseau as 
“phelgmasia alba dolens,” in patients with cancer who had 
painful edema in their upper or lower extremities [9]. He 
associated this edema with painful cord-like structures [9]. 
The essentials of diagnosing Trousseau’s syndrome are ery-
thema, induration, and tenderness along a superficial vein 
[10]. Trousseau had the foresight to associate malignancy 
with a hypercoagulable state as he described the characteris-
tic change in the hemodynamic system itself [9]. Ironically, 
on January 1, 1867, Trousseau noticed the same phlebitis in 
his own upper extremity that he at one time had diagnosed 
in his own patients. Upon noticing the phlebitis in his arm, 
he remarked to one of his students that he then knew he had 
cancer and death was upon him. A mere few months later, 
Trousseau succumbed to gastric cancer [9]. Trousseau was 
his own final diagnostician.

Conclusions

Among many other accomplishments, Trousseau contributed 
greatly to the field of endocrinology through his description 
of latent tetany and the naming of Graves’ disease and Ad-
dison’s disease. Perhaps most impressive of all, is the way 
in which Trousseau eloquently described the pathogenesis 
and clinical presentation of diseases by intertwining specific 
cases of patients in hospital wards with his prior medical 
knowledge. While we now favor (if not demand) large clini-
cal trials to provide level I evidence to support new findings, 
the observations and accomplishments of Armand Trousseau 
continue to be an outstanding example of how close obser-

vation of a single patient by a keen observer can provide 
detailed information that leads to advances in medicine and 
surgery.
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The second half of the nineteenth century was a period of 
tremendous advancement in surgery and a transition of the 
profession into the modern age. Leading this charge was the 
legendary Theodor Billroth. In an illustrious career spent in 
Berlin, Zurich, and Vienna, Billroth pioneered the field of 
gastrointestinal surgery, making innumerable technical and 
scientific contributions and training many future leaders who 
would go on to spread his teachings worldwide. Several of 
the principles and techniques he first put forth are still taught 
today, and the standard reconstruction after gastrectomy still 
bears his name. Despite his many triumphs in gastrointesti-
nal surgery, an area that bedeviled Billroth for much of his 
career was surgery of the thyroid gland. The modern-day 
endocrine surgeon can learn much from the negative experi-
ences of one of the true giants of surgery.

Christian Albert Theodor Billroth was born in 1829 in the 
town of Bergen auf Rügen, in the Kingdom of Prussia [1]. 

He attended medical school in Germany, at the University of 
Greifswald, and remained in Germany for his first surgical 
faculty position at the University of Berlin [1]. He became 
professor of surgery in short order, joining the faculty at the 
University of Zurich in 1860 and assuming the position of 
director of the surgery department there [1]. Billroth’s great-
est surgical successes would come during his nearly three 
decades at the University of Vienna, where in 1867 he was 
appointed chair of surgery (at the ripe old age of 38) [1]. An 
impressive list of surgical “firsts” transpired during Billroth’s 
Austrian tenure; in a single decade, he performed the first 
successful esophagectomy (1871), laryngectomy (1873), and 
gastrectomy (1881) [1, 2]. In addition to distinguishing him-
self as both a surgeon and scientist, Billroth was prominent 
in the cultural arena. He was an accomplished pianist and vi-
olinist, and a longtime friend and colleague of the composer 
Johannes Brahms [3]. Billroth even attempted to apply some 
of his scientific methods to the study of musicality, devoting 
time towards the end of his career to defining the cognitive 
abilities necessary for the appreciation of music.

In the area of thyroid surgery, however, Billroth’s record 
was largely one of ignominy. While Billroth was able to push 
the boundaries of surgery in other areas of the body, his at-
tempts at safe resection of the thyroid gland were decidedly 
in keeping with other surgeons of the era: fraught with com-
plications and an exceedingly high mortality rate. Writing in 
1866, US surgeon Samuel Gross referred to thyroid surgery 
as “horrid butchery” and stated emphatically that “no sensi-
ble man” would even attempt it [4]. Billroth had set out early 
in his career to pioneer the removal of goiter. During his time 
in Zurich, in the 1860s, he noted the high incidence of en-
demic goiter in the local population and began performing 
operations to remove these enlarged thyroid glands [2]. Of 
the first 20 patients in whom he attempted resection, 8 died, 

Theodor Billroth. Eigenbesitz, (Auschnitt) Salkammergut 1892, 
fotograf Erich Conrad
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mostly from sepsis [2, 5]. In addition, many suffered tetany, 
a perhaps unsurprising result since the presence and function 
of the parathyroid glands had yet to be established [6]. Dis-
heartened by these poor results, Billroth stopped performing 
thyroidectomies and only resumed several years later, once 
he had established himself in Vienna. He wrote honestly and 
unflinchingly about his negative initial attempts at thyroid-
ectomy:

On carefully reviewing the results of my experience, I have come 
to the following conclusions…much less favorable in its results 
is the operation for completely removing deep-seated substernal 
or unilateral [goiters] accompanied by a high degree of dyspnea; 
even in cases in which the operation is immediately successful 
in saving life, the ultimate result is frequently unfavorable. [7]

When Billroth later resumed thyroid operations after mov-
ing to Vienna, he was able to eventually reduce the mortality 
rate from the initial 40 % seen in Zurich; between 1877 and 
1881, he performed 48 thyroidectomies with a more accept-
able mortality rate of 8.3 % [2, 4]. He never gained renown 
for this operation, however, and would remain in the shadow 
of his former protégé Theodor Kocher of Bern; Kocher 
would serve as the true founding father of modern thyroid 
surgery, eventually receiving the Nobel Prize in 1909 for his 
contributions (the first surgeon ever awarded this honor) [2].

Billroth was able to successfully perform new, revolu-
tionary operations throughout the gastrointestinal tract; why 
did surgery of the thyroid gland pose such a challenge for 
this master technician? The devil, as in so much of endo-
crine surgery, lay in the details. Safe resection of the thy-
roid gland, as we now know quite well, requires a level of 
technical refinement and attention to surrounding anatomic 
structures that are in many ways worlds removed from the 
techniques that can be safely employed in surgery of other 
areas of the body. The methods that had served Billroth well 
in his other operations were likely disadvantageous when he 
faced the thyroid gland. Perhaps the best description of Bill-
roth’s technical approach to the thyroid came from William 
Halsted, who had traveled to Vienna to observe Billroth and 
made note of his techniques. In Halsted’s mind, Billroth’s 
operative style for thyroidectomy paled in comparison to that 
of Theodor Kocher, whom Halsted had also observed. In his 
landmark 1920 book on the history of thyroid surgery, The 
Operative Story of Goitre, Halsted remarked:

Notwithstanding much speculation on the subject by vari-
ous authors, it has not been made clear why Kocher’s cases of 
cachexia strumipriva should have been so free from tetany, nor 
why Billroth’s total extirpations should have been so frequently 
followed by tetany and should have so seldom manifested symp-
toms of thyroid deprivation. I have pondered this question for 
many years and conclude that the explanation probably lies in 
the operative methods of the two illustrious surgeons. Kocher, 

neat and precise, operating in a relatively bloodless manner, 
scrupulously removed the entire thyroid gland, doing little 
damage outside of its capsule. Billroth, operating more rapidly 
and, as I recall his manner (1879 and 1880), with less regard for 
the tissues and less concern for hemorrhage, might easily have 
removed the parathyroids or at least have interfered with their 
blood supply, and have left fragments of the thyroid. Surprising, 
however, is the fact that the function of the parathyroids was so 
seldom interfered with by Kocher, notwithstanding his careful 
procedure; for these little bodies were entirely disregarded by 
surgeons until years after the discoveries of Gley (1891) and, 
Vassale and Generali (1896). [8]

In retrospect, Billroth’s most lasting contribution to endo-
crine surgery may have been in his mentorship of future 
leaders in the field. As mentioned, Theodor Kocher was 
one of his early protégés and would become the first true 
giant of thyroid surgery in the modern era. One of Billroth’s 
other acolytes, Anton Wölfler, made a seminal contribution 
to the practice of thyroid surgery when he provided detailed 
descriptions of postoperative tetany in a patient who had 
undergone thyroidectomy [6]. Wölfler, however, incor-
rectly attributed the signs and symptoms of hypocalcemia 
he observed to brain edema, and it would not be until many 
years later that the true function of the parathyroid glands 
would be delineated [6]. Another of Billroth’s trainees, Jan 
Mikulicz-Radecki, developed the technique for subtotal thy-
roidectomy, which helped preserve parathyroid function and 
reduced the rates of hypothyroidism, and became a standard 
operation for many surgeons during the first half of the twen-
tieth century [9].

Theodor Billroth’s legacy is undoubtedly one of the most 
important in the history of modern surgery, but his contribu-
tions to the operative treatment of goiter are perhaps best 
viewed now in more negative terms: the modern surgeon can 
learn from Billroth the potential pitfalls of indelicate thyroid 
surgery. Regardless of new technologies, minimally inva-
sive approaches, and other advancements that have emerged 
in the century and a half since Billroth’s initial attempts at 
thyroidectomy in the 1860s, the principles of the operation 
remain the same: keep the field as bloodless as possible, and 
avoid injury to the parathyroid glands and recurrent laryn-
geal nerves. Billroth, with his reported rapid pace of operat-
ing and apparent disregard for tissue preservation and hemo-
stasis, paid the price for improper technique in the form of 
poor outcomes, especially when compared to his counterpart 
Kocher. The history of surgery is all too often spent focused 
on triumphs and heroic figures. In the case of Theodor Bill-
roth and surgery of the thyroid gland, we can also learn a 
great deal from the shortcomings of even our most legendary 
predecessors.
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Embryology

The development of the adrenal glands explains the physi-
ologic differences between the diverse endocrine functions 
of the layers of the gland. The adrenal cortex and the adrenal 
medulla have distinct embryologic precursors, which is why 
the adrenal cortex is responsible for the production of vari-
ous steroid hormones while the medulla functions as part of 
the sympathetic nervous system [1]. The fetal adrenal gland 
is first detected at the 8th week of gestation [2].

Adrenal Cortex

The adrenal cortex develops from the mesenchymal cells of 
the posterior abdominal wall (mesoderm) [3]. The adrenal 
cortex is composed of a fetal zone and a definitive zone in 
fetal and early postnatal life and then goes on to have re-
gression of the fetal zone and differentiation of the definitive 
zone over the first year of life [2, 3]. At birth, the cortex is 
quite large and the fetal adrenal gland is actually 10–20 times 
larger than the adult adrenal gland when measured relative to 
total body weight [4]. The definitive zone develops into the 
zona glomerulosa and zona fasciculata by birth, while the 
zona reticularis develops during the first year of life [4]. Ec-
topic cortical tissue can be found along the path of migration 
of structures arising from the urogenital ridge such as the 
epididymis, ovary, testicle, or broad ligament of the uterus as 
well as in locations outside the normal migration pattern of 
renal or pelvic structures [5]. Adrenal cortical development 

is influenced by a host of genes that are not only vital for nor-
mal development but also implicated in oncogensis in chil-
dren and adults. Wnt signaling, a member of the “wingless-
like mouse mammary tumor virus integration site” family of 
morphogens which is responsible for the differentiation of 
the layers of adrenal cortex may be implicated in abnormal 
cell growth in the adult adrenal cortex [6]. Steroidogenesis, a 
key function of the adrenal cortex is influenced by steroido-
genic factor-1 (SF-1), a nuclear receptor vital for normal de-
velopment [7]. Overexpression of SF-1 has been frequently 
found in adrenocortical tumors [8].

Adrenal Medulla

The medulla develops from the neural crest cells [3]. At 
6 weeks’ gestation, the neural crest cells migrate from the 
spinal ganglia along the central vein into the adrenal cortex 
where they form the adrenal medulla, detectable by week 8 
of gestation [3]. The neural crest cells transform into sympa-
thogonia and pheochromocytes that go on to develop storage 
granules by 12 weeks gestation [4]. Pheochromoblasts and 
pheochromocytes also form on both sides of the abdominal 
aorta to form paraganglia [3]. Most paraganglionic cells are 
at the level of the inferior mesenteric artery and aortic bi-
furcation where they fuse anteriorly in the fetus to form the 
organ of Zuckerkandl, a major source of catecholamines in 
the developing fetus [3]. The adrenal pheochromoblasts ma-
ture into chromaffin cells [3]. The adrenal medulla is quite 
small at birth and develops into an adult form by 6 months 
of age [3]. Ectopic medullary tissue can be found along the 
path of migration of neural crest cells anywhere along the 
abdominal aorta, the para-aortic sympathetic chain, the ce-
liac plexus, or the urinary bladder [4]. This can have implica-
tions later in life if ectopic medullary tissue becomes malig-
nant causing paragangliomas along the path of neural crest 
cell migration [9].

J. L. Pasieka, J. A. Lee (eds.), Surgical Endocrinopathies, DOI 10.1007/978-3-319-13662-2_31,
© Springer International Publishing Switzerland 2015



188 J. Furst and S. Kurra

Anatomy

Location

The right adrenal gland is located above the right kidney, 
between the liver and the diaphragm [10]. The left adrenal 
gland is between the kidney and the aorta close to the pan-
creatic tail and splenic artery [10].

Gross Anatomy

The adrenal glands weigh 4–5 g each and are located in the 
retroperitoneum above the upper poles of the kidneys as seen 
in Fig. 1 [10]. They can increase by 50 % during times of 
stress such as critical illness or pregnancy [4]. The adrenal 
cortex surrounds the adrenal medulla [11]. The gland is sepa-
rated from adjacent structures by pararenal fat and Gerota’s 
fascia [1]. The adrenal cortex is golden yellow in color and 
accounts for 80–90 % of the volume of the entire adrenal 
gland [1]. The adrenal medulla is dark brown in color and is 
10–20 % of the volume of the entire adrenal gland [1].

Blood Supply

Arteries

The adrenal gland has three main groups of arteries carry-
ing oxygenated blood to the cortex and medulla [10]. The 
superior adrenal arteries also known as superior suprarenal 

arteries (which originate from the inferior phrenic arteries), 
the middle adrenal arteries also known as middle suprare-
nal arteries (which originate from the aorta), and the inferior 
adrenal arteries also known as inferior suprarenal arteries 
(which originate from the right and left renal arteries) [10]. 
The arteries branch to form a plexus within the adrenal cap-
sule to supply the cortex [10]. There are numerous minor 
branches that supply the gland such as branches from the 
intercostal arteries, the left ovarian artery and the left inter-
nal spermatic artery [10]. Some arterial vessels penetrate 
the medulla, which obtains additional blood supply from 
branches of arteries that supply the central vein and cortical 
tissue around this vein [10].

Veins

Each adrenal gland is drained by a major adrenal vein [10]. 
The left adrenal vein (2–3 cm) is longer than the right adrenal 
vein [4].

Left adrenal vein: drains into the left renal vein typically 
after joining the left inferior phrenic vein [4].

Right adrenal vein: drains directly into the inferior vena 
cava as it exits the adrenal gland [4].

Lymphatic Drainage

There are two lymphatic plexuses, one in the cortex and one 
in the medulla [4]. Most lymphatic drainage from the ad-
renal glands goes to the lateral aortic lymph nodes and the 
para-aortic nodes and a minority of the lymphatic drainage 
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Right renal artery and vein
Left renal artery and vein

Left gonadal artery and vein

Ureteric branch of
left renal artery
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right renal artery
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Left inferior phrenic vein
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Left superior suprarenal arteries
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Right superior suprarenal arteries
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Fig. 1  Adrenal anatomy and 
blood supply
 



189Adrenal Physiology

terminates in the thoracic duct [4]. These lymphatic drainage 
patterns help explain the spread of malignant adrenal tumors 
[4] which commonly invade the inferior vena cava, para-
aortic lymph nodes, liver, and lungs [9].

Nervous Innervation

Visceral afferent innervation from the celiac plexus, aorti-
corenal ganglia, and renal autonomic ganglia as well as the 
posterior vagus nerve, phrenic nerve, and greater and lesser 
splanchnic nerves are the main nervous system components 
that supply the adrenal glands [10]. These nerve fibers trav-
el through the adrenal cortex and terminate in the medulla, 
where they function as postsynaptic sympathetic nerves, es-
sentially enabling the adrenal medulla to function under neu-
roendocrine control in the secretion of catecholamines [10].

Microscopic Anatomy

Adrenal Cortex

The zona glomerulosa is approximately 15 % of the adrenal 
cortex and is responsible for aldosterone production [4]. It 
is composed of small, lipid-poor cells beneath the adrenal 
capsule. The zona fasciculata makes up 75 % of the cortex 
and is responsible for cortisol production [4]. It is composed 
of more lipid-rich cells than the zona glomerulosa, known 
as clear cells [4]. The zona reticularis makes up 10 % of the 
cortex, and is primarily responsible for androgen production, 
and has cells containing lipofuscin granules [4]. Both the 
zona fasciculata and zona reticularis are under the control of 
adrenocorticotropic hormone (ACTH) [4].

Adrenal Medulla

The adrenal medulla is composed of chromaffin cells [4]. 
These are large columnar cells with neurosecretory gran-
ules composed of catecholamines (epinephrine and nor-
epinephrine) as well as proteins, lipids, chromogranins, 
neuropeptides, and proopiomelanocortin [4]. These cells are 
arranged in cords around a network of venous sinusoids that 
drain blood from the cortex [4].

Physiology

As the adrenal cortex develops from the mesoderm lining 
the abdominal wall and the adrenal medulla develops from 
neural crest cells, they develop distinct endocrine functions 
despite being one gland [1]. The unique functional aspects of 

each component layer of the adrenal gland will be explored 
in this section.

Adrenal Cortex

The adrenal cortex secretes three major hormones: aldo-
sterone, cortisol, and adrenal androgens [4]. These are pro-
duced from cholesterol through complex biochemical path-
ways with numerous intermediate steps as outlined in Fig. 2. 
Low-density lipoprotein is the major source for the choles-
terol supplied to the adrenal gland [4].

The zona glomerulosa produces aldosterone, which is 
under the regulation of the renin–angiotensin system [4]. 
The zona fasciculata and zona reticularis produce cortisol 
and adrenal androgens, respectively, under the regulation of 
ACTH [4]. Because the zona glomerulosa lacks the enzyme, 
17α-hydroxylase, it cannot produce 17-hydroxypregnenolone, 
the precursor for adrenal androgens or 17-hydroxyprogester-
one, the precursor for cortisol [5]. The zona fasciculata and 
reticularis have 17α-hydroxylase activity; therefore cortisol 
and adrenal androgens are produced exclusively by the zona 
fasciculata and reticularis [5]. The zona glomerulosa, by 
contrast, is the only part of the adrenal cortex in humans that 
has 18-hydroxycorticosterone activity, a key step in aldoste-
rone production [12].

Fig. 2  Biosynthesis of aldosterone and cortisol. (Author: Jean-Iteinne 
Poirrier. Date: February 9, 2007. License: CC BY-SA 2.5, Creative 
Commons)
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Zona Glomerulosa

Synthesis, Circulation, Action, Inhibition
Aldosterone, the predominant mineralocorticoid is produced 
by the zona glomerulosa and involves a close feedback loop 
with the renin–angiotensin system of the kidneys (Fig. 3) [13]. 
Stimuli for aldosterone secretion include elevated serum po-
tassium levels, sympathetic stimulation, decreased pressure 
sensed by the renal afferent arteriole, a part of the tubuloglo-
merular feedback mechanism, and ACTH [14]. Hypotension 
or decreased blood flow is sensed by the macula densa, spe-
cialized cells in the distal convoluted tubule, which stimulates 
the juxtaglomerular apparatus to release renin, which causes 
angiotensinogen to be converted to angiotensin I [1]. Renin 
is produced by the juxtaglomerular cells of the kidney, which 
are microscopic structures located between the vascular pole 
of the renal corpuscle and the distal convoluted tubule of the 
same nephron, surrounding the glomerular afferent arterioles 
[15]. Next, angiotensin I is converted to angiotensin II by the 
enzyme, angiotensin-converting enzyme (ACE), an enzyme 
primarily found in the pulmonary vasculature [1]. Angioten-
sin II stimulates the adrenal glands to produce aldosterone, 
triggers the release of epinephrine and norepinephrine from 
the adrenal medulla, promotes the release of vasopressin or 
antidiuretic hormone, which increases water absorption by 
the kidney collecting duct and also functions as an arterial 
smooth muscle constrictor [1].

Once aldosterone is released into the circulation, it has 
several effects that result in enhanced absorption of sodium 
and water and secretion of potassium and hydrogen ions [12]. 
Aldosterone binds to the mineralocorticoid receptor within 
cells of the renal cortical collecting ducts [16]. Aldosterone 
acts within 1 h of secretion to increase sodium channel activ-
ity on the apical membranes of cells in the cortical collecting 
tubule, increasing apical membrane permeability for sodi-
um [12]. Via a sodium potassium adenosine triphosphatase 
(ATPase) pump, aldosterone acts on the principal cells to 
promote sodium absorption and potassium excretion. At the 
intercalated cell of the kidney’s cortical collecting tubule, al-
dosterone promotes the secretion of protons via an ATPase 
pump [16]. These effects augment the difference in electri-
cal potential across the renal tubule, making the lumen more 
negative and thus more favorable for aldosterone-induced 
secretion of potassium and hydrogen ions, which carry a 
positive charge [4].

Aldosterone secretion is inhibited by dopamine directly 
at the level of the adrenal gland [9]. Atrial natriuretic factor 
also directly inhibits dopamine and also blocks the stimu-
latory effects of angiotensin II, potassium, and ACTH [9]. 
Somatostatin inhibits aldosterone secretion by inhibiting an-
giotensin II [9].

Fig. 3  Renin–angiotensin–aldosterone system. (Author: A. Rad. Date: February 2, 2006. License: GFDL-self Created using XaraX¹, Creative 
Commons)
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Metabolism and Excretion

Hepatic metabolism reduces and conjugates aldosterone, 
which is then excreted in the urine [9]. People with impaired 
hepatic function from cirrhosis or congestive heart failure can 
have elevated aldosterone levels from decreased clearance [9].

Zona Fasciculata/Zona Reticularis

The zona fasciculata is the site of cortisol and the zona retic-
ularis is the site of adrenal androgen production [1]. Cortisol 
is the major glucocorticoid but other glucocorticoids such as 
cortisone are produced by the adrenal cortex. Aldosterone, 
while a mineralocorticoid, does also exert some glucocorti-
coid effects [9].

Cortisol

Synthesis, Circulation, Action, Inhibition
The process leading to cortisol secretion by the adrenal cor-
tex starts at the level of the hypothalamus in the midbrain. 
Corticotropin-releasing hormone (CRH), produced in the hy-
pothalamus is secreted to the anterior pituitary gland where 
it stimulates the formation and secretion of ACTH from the 
precursor proopiomelanocortin [17].

ACTH secretion is pulsatile and is governed by circadian 
rhythms whereby ACTH secretion is high during the morn-
ing hours and becomes lower in the late evening through 
the early part of sleep, reaching its trough around 3–4 a.m. 
ACTH levels start to climb as people awaken in the early 
morning leading to a corresponding increase in cortisol lev-
els in the early daytime [18]. This pattern can be disrupted 
by shift work where people change their sleep/wake cycles, 
by changes in physical stress such as starvation, exercise, 
critical illness, psychiatric illnesses, and illnesses that affect 
cortisol production, such as Cushing’s syndrome, or cortisol 
binding, such as liver disease [4]. ACTH binds to receptors 
throughout the zona fasciculata and zona reticularis through 
a G protein mechanism, whereby ACTH binding triggers a 
cascade of events involving an increase in cyclic adenosine 
monophosphate (cAMP) and activation of protein kinase A, 
which leads to more cortisol production from cholesterol [4]. 
ACTH controls the rate-limiting step of cortisol synthesis, 
the conversion of cholesterol to pregnenolone [1]. This al-
lows feedback regulation where low cortisol levels trigger 
increased production of cortisol from cholesterol by upregu-
lation of ACTH [4].

Most cortisol (~ 80 %) circulates bound to corticosteroid-
binding globulin (CBG), which is produced by the liver [19]. 
About 10–15 % is bound to albumin and 10 % of circulating 
cortisol is free but this percentage can increase rapidly with 

stress [4, 20]. CBG also binds to progesterone, aldosterone, 
and 11-deoxycorticosterone [20]. CBG levels can increase, 
especially when estrogen levels are high such as during preg-
nancy or with oral contraceptive use [4]. Diabetes and hy-
perthyroidism will also increase CBG and thus increase cir-
culating cortisol levels [4]. CBG levels decline with chronic 
steroid use and with various disease states including cirrho-
sis [20]. CBG binds to cortisol in a 1:1 ratio and controls the 
delivery of cortisol to organs and tissues [20].

Cortisol Function
Cortisol affects all major organ systems and biological pro-
cesses. Free cortisol is the biologically active form [21]. The 
glucocorticoid receptor is present in nearly all cells and is a 
member of the steroid hormone receptor family of proteins 
[21]. Like all steroid receptors, once cortisol binds to the glu-
cocorticoid receptor, it translocates to the cell nucleus and 
initiates transcription [21]. The steroid–receptor complex 
must dimerize to bind the glucocorticoid response elements, 
specific DNA sequences that control regulatory processes 
[9]. The glucocorticoid-responsive genes are regulated based 
on a complex interplay between the cortisol–glucocorticoid 
receptor complex and other transcription factors as well as 
through membrane-associated receptors and second mes-
sengers [21]. While glucocorticoids increase transcription of 
many genes, they suppress transcription of others [9].

At the level of the embryo, surfactant production is stim-
ulated by glucocorticoids [9]. Glucocorticoids promote dif-
ferentiation of neural crest cells into chromaffin cells in the 
developing adrenal medulla [9].

In the central nervous system, many cells are directly in-
fluenced by glucocorticoid binding. Mood, behavior, sleep 
patterns, and reception of sensory input are all modulated by 
glucocorticoids [22].

In the immune system, glucocorticoids block many in-
flammatory pathways including the number of T and B lym-
phocytes in the peripheral circulation [9], the phagocytic and 
cytotoxic functions of macrophages [9], and synthesis of ara-
chidonic acid, a mediator of the vasodilatory inflammatory 
response that leads to the production of prostaglandins and 
thromboxanes [21]. Glucocorticoids inhibit fibroblasts and 
cause loss of connective tissue, thin skin, easy bruising, and 
delayed wound healing [1].

In the kidney, glucocorticoids enhance renal sodium re-
tention, which leads to increased water absorption [21]. 
Additionally, glucocorticoids have weak mineralocorticoid 
activity and induce the angiotensin II receptor which results 
in increased aldosterone levels and sodium and water reten-
tion [21]. By contrast, atrial natriuretic factor also contains 
glucocorticoid-responsive elements and atrial natriuretic 
factor will increase in the presence of glucocorticoids [9]. 
This leads to greater excretion of salt and water [9].
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In bone, glucocorticoids inhibit osteoblast function, which 
decreases new bone formation [9]. In children, glucocorti-
coids reduce chondrocyte proliferation and induce apoptosis, 
which is vital for longitudinal growth as chondrocytes take 
up calcium, secrete calcium phosphate and hydroxyapatite, 
and form mineralized bone [23]. In adults, glucocorticoids 
inhibit osteocalcin, an extracellular matrix protein that 
causes bone mineralization [23]. Glucocorticoids exert indi-
rect effects on bone by decreasing intestinal calcium absorp-
tion and decreasing renal calcium reabsorption [24].

In the metabolism of lipids and glucose, glucocorticoids 
play a crucial role. They are responsible for both glycogen 
synthesis and hepatic gluconeogenesis [22]. They inhibit 
glucose transport into cells [25] to inhibit glucose utilization 
by peripheral tissues and promote lipolysis in adipose tissue 
[22, 26]. Food intake increases the glucocorticoid response 
and glucocorticoids may also regulate leptin, a hormone 
produced by adipose cells that regulates food intake at the 
central nervous system level [27]. Glucocorticoids promote 
leptin secretion by adipocytes and this may be one mecha-
nism for increased body fat when people take oral gluco-
corticoids [28]. Glucocorticoids increase protein breakdown 
and urinary nitrogen excretion [1].

Glucocorticoids inhibit their own production by feed-
back inhibition at the pituitary level to block further ACTH 
secretion and they act at the hypothalamus to block CRH 
secretion [29]. If cortisol levels remain elevated due to ex-
ogenous glucocorticoid use, ACTH levels will decrease to 
a point where they are no longer responsive to stimulation 
[29]. This leads to suppression of CRH and ACTH release 
and atrophy of the adrenal cortex, which can be apparent on 
adrenal imaging such as computed tomography (CT) scan 
or magnetic resonance imaging (MRI) [29]. In addition to 
physiologic suppression, exogenous steroid use will also 
suppress the hypothalamic–pituitary–adrenal (HPA) axis and 
stop CRH and thus, ACTH secretion [29].

Metabolism and Excretion
Cortisol is metabolized in both the liver and the kidney with 
conversion to cortisone by 11ß-hydroxysteroid dehydroge-
nase [9]. Conjugated cortisol and cortisone metabolites are 
then excreted in the urine [4].

Adrenal Androgens

Synthesis, Circulation, Action, Inhibition
The major adrenal androgens are dehydroepiandrosterone 
(DHEA), dehydroepiandrosterone sulfate (DHEAS), and 
androstenedione [9]. DHEA and DHEAS are formed in 
the zona reticularis from 17-α-hydroxypregnenolone by 
17,20-hydroxylase [30]. Androstenedione is formed by 
cleavage of 17-α-hydroxyprogesterone and then is convert-

ed to testosterone, of which a small amount is converted to 
estradiol [4]. Estradiol is also formed directly from andro-
stenedione [4]. Peripheral tissues, especially in women, use 
the enzyme 5α-dihydrotestosterone to convert DHEA and 
DHEAS to testosterone [9] and peripheral tissues also inter-
convert DHEA and DHEAS [9]. In women, adrenal andro-
gens are responsible for axillary and pubic hair development 
and may also contribute to libido [1]. In men, most testoster-
one is produced by the testes and the adrenal contribution is 
minimal [9].

The secretion of androgens, similarly to cortisol is gov-
erned by ACTH with pulsatile increases in DHEA and an-
drostenedione occurring in concert with ACTH pulses [4]. 
However, there are probably other factors that control ad-
renal androgen release as chronic steroid administration, 
which suppresses ACTH and suppresses cortisol production, 
does not completely suppress androgen production [9]. Pro-
lactin and insulin-like growth factor (IGF)-1 may serve as 
stimulators of adrenal androgen release [9].

Metabolism and Excretion
DHEA is metabolized by adrenal, hepatic, or renal conver-
sion to DHEAS, which is excreted by the kidneys or further 
metabolized by oxidation to androstenedione [4, 9].

Androstenedione can be converted to testosterone or re-
duced further to etiocholanediol and androstanediol [4, 31]. 
All adrenal androgen metabolites are conjugated to sulfates 
or glucuronides and ultimately excreted in urine[4].

Adrenal Medulla

The adrenal medulla and surrounding paraganglia are part of 
the sympathetic or autonomic nervous system [1]. Sympa-
thetic preganglionic nerves exit the central nervous system 
from the thoracic and lumbar spinal nerves and terminate in 
the preganglionic and paravertebral nerve ganglia [10]. From 
here, postganglionic fibers originate and supply the pheo-
chromocytes of the adrenal medulla [10]. The neurotransmit-
ter of the preganglionic fibers is acetylcholine and the post-
ganglionic fibers release catecholamines and chromogranins 
from preformed storage granules [4]. The adrenal medulla is 
a unique structure in that it is a sympathetic ganglion itself 
since it releases hormones directly into the circulation [4].

Catecholamines

Synthesis, Circulation, Action, Inhibition
Catecholamines are synthesized from tyrosine, which comes 
from food (meats) or is made in the liver from phenylalanine 
[4]. Tyrosine is converted to l-dihydroxyphenylalanine (l-
DOPA) by the enzyme tyrosine hydroxylase, which is the 
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rate-limiting step in catecholamine synthesis [4]. l-DOPA is 
then converted to dopamine which enters granulate storage 
vesicles and is hydroxylated to norepinephrine and stored 
within the vesicle [4]. Norepinephrine can diffuse into the 
cytoplasm from these storage granules where it is converted 
to epinephrine, a reaction catalyzed by the enzyme phenyl-
ethanolamine-N-methyltransferase (PNMT) [4]. The adrenal 
medulla has high levels of cortisol due to blood flow from 
the surrounding adrenal cortex [4]. This leads to high levels 
of PNMT and significantly higher epinephrine than norepi-
nephrine content in the medulla [4]. Stimuli for catechol-
amine secretion include both physiologic and pathophysi-
ologic processes such as exercise, stress (both emotional and 
pathophysiological), and hypoglycemia [1].

Once catecholamines are released, they bind to their 
receptors with rather low affinity. In fact, 85% of secreted 
catecholamines are reabsorbed by the very nerves from 
which they were released [32]. Fifteen percent of norepi-
nephrine leaves the adrenal medulla and enters the systemic 
circulation [32].

Norepinephrine and epinephrine bind to receptors on or-
gans, muscles, and nerves throughout the body causing a 
range of physiologic actions to promote sympathomimetic 
activity, which is commonly known as the “fight or flight 
response” [33]. Adrenergic receptors are classified as α and 
β and include subtypes α1 A, α1B, α1 C, α2 A, α2B, α2 C and β1, 
β2, β3, β4 [33]. Norepinephrine is a more potent agonist of 
α-adrenergic receptors and epinephrine is a more potent ago-
nist of β-adrenergic receptors [33]. α2-Receptors are unique 
in that they are located on presynaptic sympathetic nerve 
endings and binding of norepinephrine or epinephrine causes 
feedback inhibition of their release [33]. Dopamine receptors 
have four subtypes D1–D4 [33].

Both α-adrenergic and β-adrenergic receptors are trans-
membrane proteins with areas of homology and areas of 
specificity where only certain guanylyl nucleotide binding 
proteins (G proteins) can attach [33]. Once a catecholamine 
binds to an α receptor, a G-protein-bound subunit activates 
an intracellular G-protein-coupled pathway that includes 
activation of phospholipase C, release of inositol 1,4,5-tri-
sphosphate (IP3), increase in intracellular calcium concen-
trations and terminates with activation of calcium-dependent 
protein kinases, which phosphorylate and activate their sub-
strates [33]. Once a catecholamine binds to a β-receptor, a 
G-protein-bound subunit activates adenylyl cyclase, which 
raises intracellular production of cAMP [33]. cAMP binds 
to cAMP-dependent protein kinases, which leads to phos-
phorylation and activation of their substrates [33].

Norepinephrine

Norepinephrine is made not just in the adrenal medulla but 
also in the sympathetic paraganglia and central nervous 

system [4]. It exerts its action mainly on α-adrenergic re-
ceptors to cause contraction of skeletal muscles and vaso-
constriction of vascular smooth muscle [4]. For example, it 
stimulates α-adrenergic receptors in arterial smooth muscle 
to cause increased blood pressure [4]. α-adrenergic recep-
tor stimulation of hepatocytes increases glycogenolysis 
and gluconeogenesis and α-adrenergic receptor stimulation 
of the ciliary muscle in the eye causes pupil dilation [4]. 
Norepinephrine is also active at β1-adrenergic receptors, 
which increases cardiac contractility and heart rate [4]. 
Norepinephrine activation of β3-adrenergic receptors on 
fat cells causes lipolysis and increased serum levels of free 
fatty acids [4].

Epinephrine

Epinephrine is made in the adrenal medulla from norepi-
nephrine by the enzyme PNMT [4]. It stimulates β-receptors 
with greater affinity than norepinephrine [33]. Epinephrine 
acts on β1-receptors in the heart to cause increased cardiac 
contractility [33]. β1-receptors are also important for salt and 
water balance in the kidney as the juxtaglomerular apparatus 
has β1-receptors which when stimulated increase the release 
of renin to activate the renin–angiotensin system, increase 
aldosterone secretion, and cause secretion of potassium 
and hydrogen ions and retention of sodium [33]. Epineph-
rine acts on β2-receptors, which are responsible for skeletal 
and smooth muscle vasodilation, glycogenolysis, increased 
release of insulin and glucagon from the pancreas and in-
creased peripheral conversion of levothyroxine (T4) to tri-
iodothyronine (T3) in the liver and kidney [33]. Epinephrine 
also acts on β3-adrenergic receptors on fat cells to cause li-
polysis [33].

Dopamine

Unlike norepinephrine and epinephrine, dopamine is not 
a significant catecholamine in the systemic circulation but 
rather has an important role as a central neurotransmitter. It 
inhibits prolactin release and suppresses TSH at the hypotha-
lamic–pituitary level and has many nonendocrine functions 
such as its activity in the brain’s reward pathways [4, 31]. 
In systemic circulation, dopamine’s actions are most notable 
for renal artery dilation through D1 receptors [33].

Some examples of specific types of catecholamine recep-
tors and their actions at specific locations are detailed below 
in Table 1.

Metabolism and Excretion
Both epinephrine and norepinephrine are metabolized by 
catechol-O-methyltransferase (COMT), which converts epi-
nephrine to metanephrine, which is further metabolized by 
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phenol-sulfotransferase (PST) to metanephrine sulfate and 
by monoamine oxidase (MAO) to vanillylmandelic acid 
(3-methoxy-4-hydroxymandelic acid) [1]. Norepinephrine 
also undergoes initial metabolism by COMT to normetanep-
rhine, which is further metabolized by PST to normeta-
nephrine sulfate and by MAO to vanillymandelic acid [1]. 
COMT is widely distributed throughout the body and can be 
found specifically in blood cells, liver, kidney, and smooth 
muscle [1]. Metabolized catecholamines are excreted in the 
urine [1].

Chromogranin A, Adrenomedullin, 
and Opioid-Like Peptides

In addition to catecholamines, the postsynaptic secretory 
granules of the adrenal medulla contain other important 
chemical messengers [4].

Chromogranin A
Chromogranin A is found ubiquitously throughout the body 
including in the pituitary gland, parathyroid gland, and pan-
creatic islet cells [4]. In the adrenal medulla, chromogranin 
A is an important prohormone responsible for vasostatin I 
and II, amino terminal fragments that inhibit vasoconstric-
tion [4]. It is also the prohormone for catestatin, a blocker of 
acetylcholine receptors and thus an inhibitor of adrenosym-
pathetic activity [4].

Adrenomedullin
Adrenomedullin is produced both by the zona glomerulosa 
and the adrenal medulla. It is a cleavage product of the pre-
proadrenomedullin, a prohormone and it suppresses aldoste-
rone secretion in the adrenal gland [34]. In other organs such 
as the heart, it is a natriuretic peptide [34]. It is found in tu-
mors such as pheochromocytomas where it stimulates tumor 
growth and survival [34].

Enkephalins
Chromaffin cells secrete met- and leu-enkephalin, which are 
opiate-like peptides stored in the same granules as catechol-
amines [4]. They play important roles in mood regulation 
and cell growth based on their binding to various opioid re-
ceptors [4].

Key Summary Points
• The adrenal cortex develops from cells of the posterior 

abdominal wall whereas the adrenal medulla develops 
from neural crest cells leading to diverse physiology 
between the cortex and medulla.

• There are two adrenal glands located in the retroperito-
neum with a rich arterial supply from three major groups 
of arteries.

• Lymphatic drainage from the adrenal glands goes to the 
lateral aortic lymph nodes and the para-aortic nodes and a 
minority of the lymphatic drainage terminates in the tho-
racic duct.

Table 1  Catecholamine effects. (Adapted from [4])
Receptor Receptor subtype Dominant catecholamine Organ/tissue Effect
Alpha α1 Norepinephrine Smooth muscle Vasoconstriction

Eye Pupillary dilation
Skin Piloerection
Liver Promote glycogenolysis, gluconeogenesis

– α2 Norepinephrine Smooth muscle Vasoconstriction
Adipose tissue Inhibit lipolysis
Pancreas Decrease insulin release
Presynaptic fibers in CNS Inhibit norepinephrine release (feedback 

inhibition)
Beta β1 Epinephrine Myocardium Increased contractility, increase heart rate

Juxtaglomerular apparatus Increased renin release
Adipose tissue Increased lipolysis

– β2 Epinephrine Smooth muscle Decrease intestinal motility, bronchodilation
Striated muscle Increased muscle mass and contractions
Pancreas Increase insulin and glucagon release
Liver, kidney Increase peripheral conversion of T4→T3

– β3 Epinephrine Adipose tissue Lipolysis
Skeletal muscle Thermogenesis

Dopamine D1 Dopamine Renal smooth muscle Vasodilation to dilate renal artery
– D2–D4 Dopamine CNS Controls emotion and cognitive function
CNS central nervous system
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• The adrenal cortex is composed of three zones. The zona 
glomerulosa produces aldosterone. The zona fasciculata 
and reticularis produce cortisol and adrenal androgens, 
respectively.

• Aldosterone promotes the retention of sodium and the 
secretion of potassium and hydrogen ions by the kidneys.

• Stimuli for aldosterone secretion include elevated serum 
potassium levels, sympathetic stimulation, decreased 
pressure sensed by the renal afferent arteriole, and adre-
nocorticotrophic hormone (ACTH).

• Cortisol, the predominant glucocorticoid is produced by 
the zona fasciculata within a tightly regulated feedback 
loop with ACTH, which is released in a pulsatile manner 
and closely linked with circadian rhythms.

• Cortisol has pleiotropic effects on all organ systems 
including the central nervous system, the immune system, 
the kidneys, and the skeletal system.

• The major adrenal androgens are DHEA, DHEAS, and 
androstenedione, and they are produced in the zona 
reticularis.

• The adrenal medulla is part of the sympathetic nervous 
system and is responsible for the synthesis of catechol-
amines: epinephrine, norepinephrine, and dopamine and 
for the production of chromogranin A, adrenomedullin, 
and enkephalins.

• Epinephrine and norepinephrine are responsible for sym-
pathetic responses throughout the body such as pupillary 
dilation, increased heart rate and contractility, vasodila-
tion, and breakdown of glycogen and lipids.

References

 1. Niewoehner CB. Endocrine pathophysiology. 2nd ed. pathophysi-
ology series. Raleigh: Hayes Barton. xi; 2004. p. 414.

 2. Else T. Hammer GD. Genetic analysis of adrenal absence: agenesis 
and aplasia. Trends Endocrinol Metab. 2005;16(10):458–68.

 3. Moore KL, Persaud TVN. Before we are born: essentials of embry-
ology and birth defects. 6th ed. Philadelphia: Saunders. xv; 2003. 
p. 448.

 4. Shoback D. Greenspan’s basic and clinical endocrinology. New 
York: McGraw-Hill Medical; 2011. p. 1. (online resource (p. 880))

 5. Ishimoto H, Jaffe RB. Development and function of the human 
fetal adrenal cortex: a key component in the feto-placental unit. 
Endocr Rev. 2011;32(3):317–55.

 6. Kim AC, et al. Targeted disruption of beta-catenin in Sf1-express-
ing cells impairs development and maintenance of the adrenal cor-
tex. Development. 2008;135(15):2593–602.

 7. Ozisik G, et al. SF1 in the development of the adrenal gland and 
gonads. Horm Res. 2003;59(1):94–8.

 8. Fassnacht M, Kroiss M, Allolio B. Update in adrenocortical carci-
noma. J Clin Endocrinol Metab. 2013;98(12):4551–64.

 9. Williams RH, Wilson JD, Foster DW. Williams textbook of 
endocrinology. 8th ed. Philadelphia: W.B. Saunders. xxii, 1992. 
p. 1712.

10. Boglione L, et al. The development of the suprarenal gland: 
surgical and anatomical considerations. Panminerva Med. 
2001;43(1):33–7.

11. Mesiano S Jaffe RB. Developmental and functional biology of the 
primate fetal adrenal cortex. Endocr Rev. 1997;18(3):378–403.

12. Williams JS Williams GH. 50th anniversary of aldosterone. J Clin 
Endocrinol Metab. 2003;88(6):2364–72.

13. Augustin M, et al. Plasma renin activity (PRA) and plasma aldo-
sterone in the adrenal cortex hyperactivity. Studies on 50 hyperten-
sive patients. Endocrinologie. 1984;22(1):37–45.

14. White PC. Disorders of aldosterone biosynthesis and action. N 
Engl J Med. 1994;331(4):250–8.

15. Moore KL, Dalley AF, Agur AMR. Clinically oriented anatomy. 
5th ed. Philadelphia: Lippincott Williams & Wilkins. xxxiii, 2006. 
p. 1209.

16. Summa V, et al. Short term effect of aldosterone on Na, K-ATPase 
cell surface expression in kidney collecting duct cells. J Biol 
Chem. 2001;276(50):47087–93.

17. Arlt W, Stewart PM. Adrenal corticosteroid biosynthesis, 
metabolism, and action. Endocrinol Metab Clin North Am. 
2005;34(2):293–313, viii.

18. Krieger DT, et al. Characterization of the normal temporal pat-
tern of plasma corticosteroid levels. J Clin Endocrinol Metab. 
1971;32(2):266–84.

19. Zhou A, et al. The S-to-R transition of corticosteroid-binding 
globulin and the mechanism of hormone release. J Mol Biol. 
2008;380(1):244–51.

20. Cizza G, Rother KI. Cortisol binding globulin: more than just a 
carrier? J Clin Endocrinol Metab. 2012;97(1):77–80.

21. Rhen T, Cidlowski JA. Antiinflammatory action of gluco-
corticoids–new mechanisms for old drugs. N Engl J Med. 
2005;353(16):1711–23.

22. Rousseau GG, Baxter JD. Glucocorticoid hormone action. Mono-
graphs on endocrinology, V. New York: Springer-Verlag. 1979. 
p. 638.

23. van der Eerden BC, Karperien M, Wit JM. Systemic and local 
regulation of the growth plate. Endocr Rev. 2003;24(6):782–801.

24. Canalis E. Mechanisms of glucocorticoid action in bone. Curr 
Osteoporos Rep. 2005;3(3):98–102.

25. Weinstein SP, et al. Glucocorticoid-induced insulin resistance: 
dexamethasone inhibits the activation of glucose transport in rat 
skeletal muscle by both insulin- and non-insulin-related stimuli. 
Diabetes. 1995;44(4):441–5.

26. Livingston JN, Lockwood DH. Effect of glucocorticoids on 
the glucose transport system of isolated fat cells. J Biol Chem. 
1975;250(21):8353–60.

27. Friedman JM, Halaas JL. Leptin and the regulation of body weight 
in mammals. Nature. 1998;395(6704):763–70.

28. Leal-Cerro A, et al. Influence of cortisol status on leptin secretion. 
Pituitary. 2001;4(1–2):111–6.

29. Van den Berghe G. Neuroendocrine pathobiology of chronic criti-
cal illness. Crit Care Clin. 2002;18(3):509–28.

30. Endoh A, et al. The zona reticularis is the site of biosynthesis of 
dehydroepiandrosterone and dehydroepiandrosterone sulfate in the 
adult human adrenal cortex resulting from its low expression of 
3 beta-hydroxysteroid dehydrogenase. J Clin Endocrinol Metab. 
1996;81(10):3558–65.

31. Haugen BR. Drugs that suppress TSH or cause central hypothyroid-
ism. Best Pract Res Clin Endocrinol Metab. 2009;23(6):793–800.

32. Vincent S, Robertson D. The broader view: catecholamine abnor-
malities. Clin Auton Res. 2002;12(1):I44–9.

33. Katzung BG. Teton data systems (firm), basic & clinical pharma-
cology, in STAT!Ref electronic medical library. Jackson: Teton 
Data Systems; 2002.

34. Hinson JP, Kapas S, Smith DM. Adrenomedullin, a multifunc-
tional regulatory peptide. Endocr Rev. 2000;21(2):138–67.



197

Thomas Addison

1793–1860

William F. Young

J. L. Pasieka, J. A. Lee (eds.), Surgical Endocrinopathies, DOI 10.1007/978-3-319-13662-2_32,
© Springer International Publishing Switzerland 2015

W. F. Young ()
Division of Endocrinology, Diabetes, Metabolism, and Nutrition, 
Mayo Clinic College of Medicine, 200 First Street SW,  
Rochester, MN 55905, USA

Addison: The Man

Thomas Addison (1793–1860) is recognized for the two con-
ditions that bear his name—Addison’s disease (frequently 
referred to as primary adrenocortical failure) and Addison’s 
anemia (now known as pernicious anemia). Addison was born 
in Newcastle upon Tyne, where he attended the Royal Free 
Grammar School and excelled in Latin. He entered medical 
school in 1812 at the University of Edinburgh and graduated 
in 1815—his M.D. thesis was entitled: “Concerning Syphilis 
and Mercury” [1]. He moved to London to become a house 
surgeon at Lock Hospital and a pupil at the Carey Street Pub-
lic Dispensary, where a dermatologist (Thomas Bateman, 
1778–1821) inspired an interest in dermatologic disorders. 

In 1824, Addison founded the Department of Dermatology 
at Guy’s Hospital. He obtained his diploma of Licentiate of 
the Royal College of Physicians (LRCP) in 1819 and in 1827 
he was appointed lecturer of Materia Medica. In 1837, Ad-
dison was advanced to full physician at Guy’s Hospital. Ad-
dison was a brilliant diagnostician and his uniquely coherent 
lectures were very popular. He was observed to have an un-
canny clinical intuition and he was remarkably persistent to 
seek a unifying diagnosis. Addison recognized the key role 
for autopsy and correlating the pathology findings with signs 
and symptoms.

Addison was investigating an atypical anemia and was 
intrigued by pathological findings in the adrenal glands in 
some of the patients. On March 15, 1849, Addison delivered 
a paper before the South London Medical Society, where he 
was the first to describe pernicious anemia [2]. Six years later, 
he published his classic monograph: “On the Constitutional 
and Local Effects of Disease of the Suprarenal Capsule” [3] 
(Fig. 1). Although Addison’s work was debated in Scotland 
and England and many were quite skeptical, the syndrome 
of primary adrenal failure was confirmed by Trousseau in 
1856 and he gave it the eponym “Addison’s disease.”

Addison was a bedside diagnostician. Thomas Wilks 
wrote:

Possessing unusually vigorous perceptive powers, being shrewd 
and sagacious beyond the average of men, the patient before him 
was scanned with a penetrating glance from which few diseases 
could escape detection. He never reasoned from a half discov-
ered fact, but would remain at the bedside with a dogged deter-
mination to track out the disease to its very source for a period 
which often wearied his class and his attendant friends. To those 
who knew him best his power of searching into the complex 
framework of the body and dragging the hidden malady to light, 
appeared unrivalled, but that great object being accomplished, 
the same energetic power was not devoted to its alleviation or 
cure. [4]

Addison was described in the medical press [5] as follows:
He is a fine, dashing, big, burly, busting man, proud and pomp-
ous as a parish beadle in his robe of office. Dark, and of sallow 

 Thomas Addison was a remarkably astute clinician at Guy’s Hospi-
tal, who recognized an association between skin hyperpigmentation 
and diseased adrenal glands at autopsy—he pursued this association 
and convinced the medical world of the critical role of intact adrenal 
glands. (Author: H. Watkins, date unknown. Creative Commons At-
tribution 4.0 International license)
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complexion, an intelligent countenance and noble forehead, he 
is what the ladies would renounce a fine man. He had mentally 
and physically a tall idea of himself. Every sentence is polished, 
is powerful: he prefers the grandiloquent. Slow and studied 
are his opening sentences, studied the regularity of his intona-
tions. The advantages of his tall and graceful person are artfully 
employed to add to the favourable impression; his attitudes, 
tones and manner are studied and systematic.

It was speculated that, in addition to gallstones and jaundice, 
endogenous depression led to his retirement from medicine 
in 1860 [6]. In a letter dated March 17, 1860, he wrote to 
E. Galton, one of his students: “A considerable breakdown 
in my health has scared me from the anxieties, responsibili-
ties and excitement of my profession, whether temporarily 
or permanently cannot yet be determined; but whatever may 
be the issue, be assured that nothing was better calculated 
to soothe me than the kind interest manifested by the pupils 
of Guy’s Hospital during the many trying years devoted to 
that Institution” [6]. Later that year (June 19, 1960), Addison 
committed suicide. His death was reported in the Brighton 
Herald of June 30, 1860:

Dr Addison, formerly a physician to Guy’s Hospital, commit-
ted suicide by jumping down the area (i.e. the space between 
the front of the house and the street) of 15 Wellington Villas, 
where he had for some time been residing, under the care of two 
attendants, having before attempted self-destruction. He was 72 
yrs of age (sic), and laboured under the form of insanity called 
melancholia, resulting from overwork of the brain. He was walk-
ing in the garden with his attendants, when he was summoned 
in to dinner. He made as if towards the front door, but suddenly 
threw himself over a dwarf-wall into the area—a distance of nine 
feet—and, falling on his head, the frontal bone was fractured, 
and death resulted at one o’clock yesterday morning.

Addison’s Disease: The Monograph

Addison’s monograph (Fig. 1) on disease of the suprarenal 
capsules [3] is one of the most remarkable medical books of 
the nineteenth century. The monograph text is 39 pages in 
length and contains 11 color plates. Written before the in-
vention of color photography, the patient images in the book 
were drawn by artists. He starts his monograph with: “It will 
hardly be disputed that at the present moment, the functions 
of the supra-renal capsules, and the influence they exercise 
in the general economy, are almost or altogether unknown” 
[3]. Addison reported the clinical presentations and autopsy 
findings in 12 patients. He wrote:

The discoloration pervades the whole surface of the body, but 
is commonly most strongly manifested on the face, neck, supe-
rior extremities, penis, scrotum, and in the flexures of the axillae 
and around the navel…. The leading and characteristic features 
of the morbid state to which I would direct your attention, are, 
anaemia, general languor and debility, remarkable feebleness 
of the heart’s action, irritability of the stomach, and a peculiar 
change of the colour in the skin, occurring in connexion with a 
diseased condition of the “supra-renal capsules.” [3]

Addison’s 12 cases are summarized in Table 1 and included 
8 men and 4 women, aged from 22 to 60 years, having the 
clinical manifestations of this disease. The clinical presenta-
tions were dominated by recurrent vomiting, skin hyperpig-
mentation, and weak pulse. The adrenal glands at autopsy 
showed tuberculosis/infection ( n = 5), metastatic disease 
( n = 4), apparent autoimmune disease ( n = 1), probable bilat-
eral adrenal hemorrhage ( n = 1), and unknown ( n = 1). Sev-
eral cases are particularly instructive.

Addison’s case III was a 26-year-old carpenter who had 
been well up to 6 months before presentation. His first symp-
toms were right leg and low back pain. He had noticed dark-
ening of his lips and face. He developed light-headedness, 
especially with standing. He slowly became more disabled 
and had to discontinue work. On physical examination, the 
patient had a “highly strumous appearance” with patchy fa-
cial hyperpigmentation. He had marked tenderness over the 
upper three lumbar vertebrae. His heart rate was 80 beats per 
minute and “small and weak.” During the hospitalization, the 
patient developed intractable hiccups and he became “more 

Fig. 1 Title page from Thomas Addison’s classic monograph: [3]. 
(Used with permission Pickering & Chatto 144–146 New Bond Street, 
London)
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Case Age Sex Presenting symptoms Adrenal pathology at autopsy 2015 Perspective on 
probable etiology of 
adrenal failure

I,
James Wootten

32 M Cough and increasing 
skin pigmentation

“The supra-renal capsules were diseased 
on both sides, the left about the size of a 
hen’s egg…” “Both capsules were as hard 
as stones”

Uncertain -? old 
hemorrhage

II,
James Jackson

35 M Headaches, nausea, 
vomiting, increasing skin 
pigmentation

“The supra-renal capsules contained both 
of them compact fibrinous concretions, 
seated in the structure of the organ; super-
ficially examined they were not unlike 
some forms of strumous tubercle”

Probable tuberculosis

III,
Henry Patton

26 M Leg and back pain; 
hyperpigmentation

“Each supra-renal capsule was com-
pletely destroyed and converted into a 
mass of strumous disease, the latter of all 
degrees of consistency”

Tuberculosis

IV,
John Iveson

22 M Recurrent vomiting, 
facial hyperpigmentation

“The two supra-renal capsules together 
weighed 49 grains; they appeared exceed-
ingly small and atrophied; the right one 
was natural, firm; the left deformed by 
contraction; each adherent to surrounding 
parts by dense areolar tissue. The section 
gave a pale and homogeneous aspect; it 
presented a fibrous tissue, fat and cells 
about the size of white blood-corpuscles”

Autoimmune

V,
Ann
Roots

? F Breast mass, parotid 
swelling, recurrent vom-
iting, skin pigmentation

“The only marked disease was in the 
renal capsules, both of which were 
enlarged, lobulated, and the seat of mor-
bid deposits apparently of a scrofulous 
character; they were at least four times 
their natural thickness, feeling solid and 
hard; on the left side one part had gone 
into suppuration, containing two drachms 
of yellow pus. The kidneys themselves 
healthy”

Infectious

VI,
R.H., Esq

“Middle age” M Weight loss, fatigue, 
recurrent vomiting, 
hyperpigmentation, 
vitiligo

“…both the renal capsules were enlarged, 
(the united weight of the two being one 
and a half ounce,) of rather irregular 
surface and considerably indurated. When 
cut into, instead of exhibiting the ordinary 
appearance of combination of dark and 
yellow substances, they seemed to consist 
of a firm, slightly transparent reddish 
basis, interspersed with irregular spots of 
opake yellow matter, the whole bear-
ing a strong resemblance to an enlarged 
mesenteric gland, mottled with tubercular 
deposit”

Tuberculosis/
autoimmune

VII,
M.T.

60 F Breast cancer, skin 
hyperpigtation

“Both supra-renal capsules contained 
a considerable amount of cancerous 
deposit, invading their entire structure, 
and almost obliterating their cavities”

Metastatic breast 
cancer

VIII,
Elizabeth Hannah 
Lawrence

53 F Recurrent vomiting, 
emaciation, hyper 
pigmentation

“The left supra-renal capsule was 
infiltrated with malignant material, and 
closely adherent to the vessels of the 
kidney”

Metastatic stomach 
cancer

IX,
Thomas Clouston

58 M Nausea, sweats, blind-
ness left eye, debility, 
dark skin

“Tubercular deposit was likewise found 
in one of the supra-renal capsules”

Tuberculosis

Table 1  Clinical and autopsy findings in Addison’s 12 cases
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feeble, pulse scarcely perceptible, lies in a torpid and ty-
phoid state.” The patient died on the 6th hospital day. At au-
topsy, “each supra-renal capsule was completely destroyed 
and converted into a mass of strumous disease, the latter of 
all degrees of consistency. The left supra-renal capsule had 
formed at the upper part a close connexion with the outer 
coat of the stomach. The upper part of this capsule seemed 
fluid, and of the colour of pus; the lower firmer; and of the 
consistency of putty.” These findings are demonstrated in the 
color drawings (Fig. 2). In addition, autopsy confirmed find-
ings consistent with pulmonary tuberculosis and tuberculous 
spondylitis (Pott’s disease) of the lumbar spine and thus ex-
plaining his initial symptoms of back and leg pain.

Addison’s case IV was a 22-year-old man who presented 
with recurrent vomiting, dingy facial discoloration. Based 
on the autopsy findings of atrophic adrenal glands, Addison 
concluded: “It is, moreover, of some significance and impor-
tance to observe, that in the present instance, the diseased 
condition of the supra-renal capsules did not result as usual 
from a deposit either of a strumous or malignant character, 
but appears rather to have been occasioned by an actual in-
flammation—that inflammation having destroyed the integ-
rity of the organs, and finally led to their contraction and 
atrophy” [3]. With this case, Addison was describing (for the 
first time) autoimmune primary adrenal failure. The most 
common cause of primary adrenal failure has evolved over 
time, from tuberculosis in 1855 to autoimmune disease in the 
twenty-first century (in approximately 80 % of cases).

Addison’s case VI was a middle-aged man who presented 
with weight loss, fatigue, recurrent vomiting, hyperpigmen-
tation, and vitiligo. Addison noted: “With universal dinginess 
of the surface, there were, especially about the neck, hands 
and arms, several well-defined patches of a deeper, or some-
what chestnut-brown hue, interspersed here and there with 
blanched or almost dead-white portions of integument, con-
trasting in a very remarkable manner with both the general 

dinginess and deeper brown patches; and what is very re-
markable, wherever the integument presented the blanched 
or dead-white appearance, the hairs upon its surface were 
observed to have turned completely white” [3]. Although ad-
renal tuberculosis deposits were found in this patient, it may 
be that, in view of the vitiligo, the true nature of adrenal fail-
ure was autoimmune in nature. Addison was unable to pro-
vide a colored drawing of this patient. However, he had seen 
a patient (Mr. S) in March of 1855 (the year his monograph 
was published) with an identical presentation. Although the 
family of Mr. S. refused an autopsy to confirm Addison’s 

Case Age Sex Presenting symptoms Adrenal pathology at autopsy 2015 Perspective on 
probable etiology of 
adrenal failure

X,
Jane
Roff

28 F Uterine cancer, 
hyperpigmentation

“…left capsule…. A malignant tumor had 
developed at that precise point, where the 
large vein escapes from the organ;…pro-
jected into the interior of the vein, so as 
almost or entirely to obstruct it, and had 
moreover led to rupture and effusion into, 
or a sort of apoplexy of the capsule itself”

Metastatic uterine 
cancer and adrenal 
hemorrhage

XI,
William
Godfrey

Not reported M Lung cancer and facial 
hyperpigmentation

“…extensive disease of one of the supra-
renal capsules; the organ being very much 
enlarged, and converted into a hard mass 
of apparently carcinomatous disease”

Metastatic lung 
cancer

Mr. S (presented 
under case VI)

60 M Anemia, extreme feeble-
ness of heart action, irri-
tability of the stomach, 
and hyperpigmentation

Autopsy refused Autoimmune

Table 1 (continued) 

Fig. 2  Color drawing (plate IV) of Henry Patten in November of 1854. 
This patient presented with symptoms related to tuberculous involve-
ment of the lumbar spine (Pott’s disease) and progressive primary ad-
renal failure, which at autopsy was shown to be caused by the spread 
of tuberculosis to the adrenal glands. The legend from Addison’s 
monograph states: “Fig. 1. The liver of Henry Patten, with the diseased 
supra-renal capsules in situ. Figs. 2 & 3. Sections of the diseased supra-
renal capsules.” (Used with permission Pickering & Chatto 144–146 
New Bond Street, London)
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suspicion of primary adrenal disease, they did agree tohave 
a sketch made of the discolored skin. Addison wrote: “Of 
course this representation does not carry along with it such 
authority and conviction as one taken from a subject actually 
proved to have had diseased capsules. Nevertheless I enter-
tain no doubt whatever that the capsules were diseased; and 
even if they were not, I hold myself answerable for the most 
perfect resemblance between the two cases, so far as the af-
fection of the integument was concerned.” The color draw-
ing of this patient (Fig. 3) shows typical skin hyperpigmenta-
tion of Addison’s disease in a patient with vitiligo—thus, this 
patient very likely had autoimmune primary adrenal failure. 
Approximately, one half of patients with autoimmune adre-
nal failure have one or more other autoimmune endocrine 
disorders. In such patients, the etiology of their findings may 
be autoimmune polyglandular syndrome type II. Affected 
patients typically present between the ages of 20–40 years 
with primary adrenal insufficiency as the main manifestation. 
Autoimmune thyroid disease (e.g., Hashimoto thyroiditis, 
Graves’ disease), vitiligo, and type 1 diabetes mellitus are 
common in patients with autoimmune polyglandular syn-
drome type II [7].

In discussing case VII, a 60-year-old woman with meta-
static breast cancer, Addison concludes:

I have already expressed my belief that the urgency of the symp-
toms, and the quick or slow progress of the disease, are deter-
mined by the activity or rapidity of the morbid change going 
on in the capsules, and by the actual amount or degree of that 
change; and that universal disease of both capsules will in all 
probability be found to prove uniformly fatal. [3]

Conclusion

Thomas Addison was a remarkably astute clinician who rec-
ognized an association between skin hyperpigmentation and 
diseased adrenal glands at autopsy. In the absence of twen-
tieth- and twenty-first-century medical technology, he pur-
sued this association and convinced the medical world of the 
critical role of intact adrenal glands.
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Epidemiology

Hypertension (HTN; Table 1) affects 76 million Americans 
and 1 billion people worldwide and is the leading cause of 
heart disease, stroke, and death. The Joint National Commit-
tee (JNC) on prevention, evaluation, and treatment of high 
blood pressure recommends medical treatment of patients 
with HTN and guidelines target modifiable lifestyle risk fac-
tors, treatment of end-organ damage, and identification of 
cause as primary goals for treatment. Currently, workup for 
identifiable secondary causes is recommended in cases when 
blood pressure control is not achieved [1–4].

Primary aldosteronism (PA) is the most common cause 
of secondary HTN. Detection and, therefore, reported preva-
lence have increased with education and screening. The 
prevalence of PA in the hypertensive population is estimated 
to be more than 10 % in recent studies, correlating with in-
creased use of screening aldosterone–renin ratio (ARR) [5]. 
Furthermore, PA is correlated with the severity of hyperten-
sion, with upwards of 23 % prevalence in the resistant hy-
pertension population and resultant worse cardiovascular 
outcomes [3, 6–8]. In comparison to primary hypertensive 
patients matched for blood pressure, patients with PA have 
four times increased odds of stroke, seven times increased 
odds of nonfatal myocardial infarction, and 12 times in-
creased odds of atrial fibrillation [9].

PA is characterized by autonomous, inappropriately ele-
vated plasma aldosterone. Unlike primary HTN, the hyperal-
dosteronism is nonsuppressible with sodium loading and can 
result in hypernatremia, hypokalemia, metabolic alkalosis, 
and suppression of renin [10]. There is a slight preponder-
ance of males and no difference in incidence between race/

ethnicities, and the mean age for diagnosis is 52 years for 
PA [11]. HTN alone is frequently the only sign of PA. In 
rare cases, patients can present with signs and symptoms of 
hypokalemia (i.e., muscle cramping, weakness) or patients 
may be diagnosed during biochemical evaluation of a nod-
ule found on imaging as aldosterone-producing adenomas 
(APA) constituting 1 % of adrenal incidentalomas [12].

PA is most commonly caused by an APA (also known as 
Conn’s syndrome) or bilateral adrenal hyperplasia (BAH) 
[9, 10, 13–16]. In the largest prospective study to date, 1180 
consecutive unselected hypertensive patients at 14 hospitals 
were assessed for PA. They found that 4.8 % had an APA and 
6.4 % had BAH [8]. Furthermore, a higher proportion of APA 
among PA patients is reported at centers that perform adrenal 
venous sampling (AVS), suggesting a significant rate of un-
derdiagnosis of unilateral disease within the PA population 
with imaging alone [5, 8, 17]. A small subset of patients, less 
than 3 %, has unilateral hyperplasia which is diagnosed and 
treated using the same algorithm as APA with similar success 
rates [18]. Aldosterone-secreting adrenocortical carcinoma 
(ACC) occurs in 10.6 % of ACC [19].

Familial Hyperaldosteronism

Familial hyperaldosteronism (FH) is a group of autosomal 
dominant inherited diseases, consisting of three subtypes: (1) 
type I or glucocorticoid-remediable aldosteronism (GRA) is 
due to a CYP11B1/CYP11B2 chimeric gene at chromosome 
8q22, (2) type II is due to an unknown mutation at chromo-
some 7p22, and (3) type III is due to mutations in the KCNJ5 
gene at chromosome 11 which encodes a G-protein-gated 
potassium channel.

Type I FH or GRA has a prevalence of 0.66 % in patients 
with PA [20] and is the only form of PA in which aldoste-
rone hypersecretion can be suppressed with glucocorticoids 
[21]. The CYP11B1 gene encodes for the 11-β hydroxylase 
isozyme that converts 11-deoxycorticosterone to corticos-
terone in the zona glomerulosa and CYP11B2 encodes for 
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the 11-β hydroxylase isozyme that converts 11-deoxycorti-
sol to cortisol [18, 22]. The mutation in patients with GRA 
fuses the promoter of CYP11B1 with the exon sequences of 
CYP11B2, resulting in a chimeric CYP11B1/CYP11B2 gene 
leading to: (1) an adrenocorticotropic hormone (ACTH)-de-
pendent activation of the aldosterone synthase that converts 
corticosterone to aldosterone, and (2) an increase in the pro-
duction of 18-oxocortisol and 18-hydroxycortisol [18, 22]. 
Normokalemia is characteristic in more than 50 % of GRA 
patients as aldosterone release is primarily under the influ-
ence of ACTH and not potassium [23]. Diagnosis of GRA 
should be made by genetic testing of selective PA patients 
who have the following criteria: (1) onset at a young age 
(e.g., < 20 years old), (2) family history of PA, and (3) cere-
brovascular complications (e.g., hemorrhagic strokes due to 
ruptured intracranial aneurysms) at a young age (e.g., < 40 
years old) [24]. Exogenous administration of glucocorticoids 
(e.g., dexamethasone) is considered the optimum therapy, 
while treatment with mineralocorticoid-receptor antagonists 
(MRA; e.g., eplerenone) is considered an effective alterna-
tive with less potential adverse effects [25].

Type II FH is the most common form of FH with 6 % 
prevalence in the PA populations [20]. Type II FN is an auto-
somal dominant inherited disease thought to be due to muta-
tions located in chromosome 7p22 [26, 27]. Type II FH is 
clinically and biochemically indistinguishable from sporadic 
PA and as a result the diagnosis should be suspected in pa-
tients with a positive family history of PA [28]. There is no 
genetic test for type II FH available, and the same treatment 
protocols for PA patients should be followed. Blood-related 
family members should be screened for PA.

Type III FH is a rare condition, first described in 2008, 
associated with a number of mutations in the KCNJ5 gene 
encoding the G-protein-gated potassium channel Kir 3.4 
[29–34]. These mutations lead to increased sodium conduc-
tance, which causes depolarization of glomerulosa cells and 
subsequent increased calcium [30]. Calcium entry signals 
aldosterone production and cellular proliferation, leading to 

hyperaldosteronism and massive hyperplasia of the adrenal 
glands. The clinical spectrum of the disease is broad, rang-
ing from mild hypertension responsive to antihypertensive 
medications [31] to severe and resistant hypertension that re-
quires bilateral adrenalectomy [34]. Certain mutations in the 
KCNJ5, as G151R, may be implicated with the more severe 
forms of type III FH [33]. Commercially available genetic 
testing is available for type III FH and patients presenting 
at a very young age or with family members with PA should 
be referred for screening. As with type II FH, the same treat-
ment protocols for type III PA patients should be followed 
for the mild and moderate forms of type III FH. However, 
bilateral laparoscopic adrenalectomy may be required for se-
vere forms of type III FH.

Diagnosis

Consensus guidelines vary on who should be referred for 
screening. While it is under debate, there are no current rec-
ommendations to screen all patients with hypertension for 
PA [11, 14, 15, 35]. Experts agree that patients with resis-
tant hypertension (patients who remain above target blood 
pressure on three antihypertensive medications of which 
one is a diuretic) should be referred to a hypertension spe-
cialist to be assessed for secondary causes of hypertension 
[2–4]. Alternate forms of secondary hypertension and sub-
type differentiation should be considered (Table 2). Patients 
with hypertension with hypokalemia should be screened for 
both Cushing’s syndrome as well as PA. Lastly, patients who 
present with an incidentaloma found on abdominal imaging 
should undergo a functional workup. In rare cases, patients 
may present with a family history of PA or early-onset HTN 
or cerebrovascular accident.

While serum potassium level (K+) has been cited his-
torically as a screening blood test for PA, K+alone is inad-
equate as a screening test. In a recent study, hypokalemia 
only occurred in 9–38 % of a PA-confirmed population, 

Frequently used abbreviations
AACE American Association of Clinical Endocrinologists
AAES American Association of Endocrine Surgeons
AHA American Heart Association
APA Aldosterone-producing adenoma
ARR Aldosterone–renin ratio
AVS Adrenal venous sampling
BAH Bilateral adrenal hyperplasia (a.k.a. bilateral idio-

pathic hyperplasia, idiopathic hyperaldosteronism)
FH Familial hyperaldosteronism
GRA Glucocorticoid-remediable aldosteronism
HTN Hypertension
JNC Joint National Committee
PA Primary hyperaldosteronism

Table 1   Frequently used 
abbreviations 
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more commonly in patients with an APA [5]. The Endocrine 
Society, European Society of Hypertension, American Asso-
ciation of Endocrine Surgeons (AAES), American Associa-
tion of Clinical Endocrinologists (AACE), and the American 
Heart Association (AHA) all advocate the use of the plasma 
ARR as the initial serological screening test for PA in hyper-
tensive patients; however, threshold ratios and next steps in 
management differ (Table 3) [2–4, 36]. Some experts recom-
mend use of a combination of tests. The AHA and AAES/
AACE guidelines use an absolute serum aldosterone level 
≥ 15 ng/dL in addition to an elevated ARR for diagnosis of 
PA. An ARR > 30 and a serum aldosterone > 20 ng/dL were 
shown to have both sensitivity and specificity > 90 % in di-
agnosing APA [37]. Rossi et al. developed a model using 
the combination of plasma renin activity (PRA), K+, and ei-
ther serum aldosterone or captopril-suppressed aldosterone 
which they report has a superior diagnostic accuracy [38].

More than setting a strict cutoff value (conventional 
threshold ARR ≥ 20), it is essential that the clinician be aware 
of the variability of results based on the setting, laboratory 
variations, and the various effects of antihypertensive medi-
cations on the renin–aldosterone axis. Age, posture, time of 

day, medications, K+, Na+, and renal function can all lead 
to false results [4]. See Table 4 for various factors affecting 
the ARR. Alternatively, patients can be screened with a 24-h 
urinary aldosterone on a high-sodium diet.

Confirmatory suppression testing is recommended with 
either oral (5-g sodium diet for three days, 24-h urinary al-
dosterone level > 12 mcg confirms PA) or intravenous saline 
load (2-L saline infused over 4 h, serum aldosterone > 10 ng/
dL confirms PA), captopril, or fludrocortisone as the speci-
ficity of screening tests are low; however, caution should 
be taken as testing can be potentially dangerous for patients 
(i.e., exacerbation of congestive heart failure (CHF)) and 
withdrawal of antihypertensive medication is needed [35, 
39]. For the most accurate test, patients on MRA (spironolac-
tone or eplerenone) should be discontinued for 6 weeks prior 
to confirmatory testing, hypokalemia should be corrected, 
and hypertension controlled. However, screening with ARR 
has been shown to still be useful without withdrawing anti-
hypertensives or when changing the regimen to those that 
affect the ARR less and should be utilized in cases where 
withdrawal of medications may be deleterious [4, 7, 11].

Table 2  Physiological patterns of differential diagnoses
Disease Potassium Aldosterone Renin
Aldosterone-producing adenoma 50 % ↓↓ ↑↑ ↓
Bilateral adrenal hyperplasia 17 % ↓ ↑↑ ↓
Loop-diuretic therapy ↓ ↓ ↑
Renal artery stenosis ↓ ↑ ↑
Congenital adrenal hyperplasia ↓ ↓ ↓
Cushing’s syndrome ↓ ↓ ↓
Familial hyperaldosteronism

Type I or GRA Normal ↑↑ ↓
Type II ↓ ↑ ↓
Type III ↓ ↑ ↓

Table 3  Consensus guideline recommendations for PA screening
Guidelines Criterion for screening Suggested ARR threshold Confirmatory test Imaging AVS
AACE/AAES guide-
lines for the man-
agement of adrenal 
incidentalomas [12]

Incidental adrenal nod-
ules + HTN, new HTN, 
HTN + hypokalemia, 
resistant HTN

ARR ≥ 20 + Plasma aldo-
sterone ≥ 15 ng/dL

Oral salt loading or saline 
infusion testing

CT Yes, in all except age < 40+ 
unilateral 1-cm nodule on 
CT (directly to surgery)

American Heart 
Association guidelines 
for resistant hyperten-
sion [3]

Resistant hypertension ARR 20–30 (using mini-
mum renin 0.5 ng/mL/h) ± 
plasma aldo ≥ 15 ng/dL

– – –

Endocrine Society 
clinical practice guide-
lines [4]

JNC 7 [2] stage 2, 
resistant HTN, hypoka-
lemia, incidentalomas, 
family history

ARR 20–40 Oral sodium, saline 
infusion, captopril, or 
fludrocortisone suppres-
sion testing

CT Yes, in all surgical 
candidates

ESH/SSC guidelines 
for the management of 
arterial hypertension

Incidental adrenal nod-
ules + HTN, new HTN, 
HTN + hypokalemia, 
resistant HTN

ARR ≥ 20 + Plasma aldo-
sterone ≥ 15 ng/dL

Oral salt loading or saline 
infusion testing

CT Yes, in all except age < 40 
+ unilateral 1-cm nodule 
on CT

AACE American Association of Clinical Endocrinologists, AAES American Association of Endocrine Surgeons, ARR plasma renin to aldosterone 
ratio, ESH European Society of Hypertension, ESC European Society of Cardiology
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Identifying Appropriate Patients for Surgery

Following serologic diagnosis of PA, differentiating APA 
and unilateral hyperplasia from BAH is essential to iden-
tify surgical candidates. While it has been shown that APA 
patients tend to be younger, and have higher systolic blood 
pressure, lower serum K+, and higher serum aldosterone lev-
els than BAH patients, no single serologic test is discriminat-
ing [40–42]. For instance, Rossi et al. found 48 % of APA 
patients and 17 % of BAH patients had spontaneous hypoka-
lemia as did 7 % of patients with primary hypertension [8]. 
Prior to proceeding, a discussion with the patient regarding 
the risks and benefits of surgery versus medical therapy as 
well as their desire for surgery is prudent prior to pursuing 
lateralization. Within this consent to proceed should be a dis-
cussion of the potential side effects of MRA.

Identifying appropriate patients for adrenalectomy re-
mains a challenge. Traditional noninvasive imaging with 
abdominal CT detects many adrenal masses, but does not 
reflect functionality. Frequently, aldosteronomas are small, 
increasing false-negative imaging (sensitivity 75–80 %). 
Rossi and colleagues found 17 % of their cohort of PA pa-
tients had tumors < 1 cm and 45 % < 2 cm [8]. Furthermore, 
nonfunctional adenomas increase with age, lending to a 
high false-positive rate and decreased specificity of CT in 
the older population. Magill and colleagues found an accu-
racy rate for CT of 37 % in direct comparison to AVS [42]. 
Young and colleagues compared findings of 194 patients 
who underwent both AVS and CT for lateralization. In their 
cohort, 41% of patients that had negative CT scans had lat-
eralizing AVS results and CT identified the wrong adrenal 
gland in 12/57 (21 %), while AVS falsely diagnosed four 
patients with BAH [43]. Despite these limitations, however, 
most clinicians recommend structural imaging to assess for 
aldosterone-secreting ACC. Given that most aldosterono-
mas are small (< 2 cm), suspicion for aldosterone-secreting 

ACC should be high in patients with large tumors (> 4 cm). 
Because of the deficiencies of CT, we recommend obtain-
ing AVS in all patients wishing to pursue surgical treatment 
(Fig. 1). Due to the low incidence of incidental nonfunc-
tional adrenal nodules in younger patients, the AACE/AAES 
and other guidelines state that one may proceed to surgery 
in patients younger than 40 with a unilateral microadenoma 
without AVS [12].

Adrenal venous sampling is recommended by many ex-
perts for lateralization, although indication, technique, and 
threshold values considered diagnostic vary significantly 
[40, 42–44]. Cost and access to centers performing AVS are 
also important considerations. The procedure entails cannu-
lation and comparison of aldosterone and cortisol (to normal-
ize dilution effects) levels in both adrenal veins and the infe-
rior vena cava (IVC). Most centers use ACTH (cosyntropin) 
stimulation to augment potential laterality by minimizing 
stress-induced fluctuations during sequential sampling, aid 
in differentiating IVC versus right adrenal vein placement 
(adrenal to IVC cortisol ratio > 5 indicates proper place-
ment of right-sided catheter), and to maximize aldosterone 
secretion [17, 43]. Moreover, Rossi et al. report an adrenal 
cortisol-adjusted aldosterone ratio greater than two as 80 % 
sensitive in classifying patients with PA that had poor local-
ization with CT or MRI [40]. Most centers used a threshold 
cortisol-adjusted aldosterone lateralization ratio > 4 to refer 
patients to surgery, with a sensitivity ranging from 78 to 
98 % [42, 43, 45].

Opponents of widespread use of AVS cite access to the 
procedure, technical difficulty, cost, lack of standardization, 
and potential complications such as hematoma, dissection, 
and adrenal infarction as arguments against using this modal-
ity regularly [46]. Ranges in the literature for successful de-
termination of PA subtype (i.e., APA vs. BAH) are 63–97 % 
[42, 47, 48]. Young and colleagues successfully cannulated 
both adrenal veins in 95 % of their 194 catheterizations, with 
a 2.5 % complication rate [43]. Rossi et al. cited success-
ful AVS in 102/105 (97 %) of procedures and one adrenal 
vein rupture. Successful bilateral adrenal vein cannulation 
is, however, related to volume of procedures with rates as 
low as 10 % in low-volume centers [49]. Some experts rec-
ommend adrenalectomy following serologic diagnosis of PA 
and unilateral adrenal mass on CT [17]. Others, such as stat-
ed in the AACE/AAES guidelines, support AVS following 
CT only for patients > 40 years old given the low prevalence 
of adrenal nodules in younger patients (Table 3, Fig. 1) [12].

Treatment

The treatment goal is to prevent the morbidity and mortality 
associated with hypertension and hypokalemia. The treat-
ment is based upon whether the patient has unilateral (i.e., 

Table 4  Factors that affect the aldosterone–renin ratio (ARR)
Factor Effect on ARR
Increased age FP
Hypokalemia FN
Hypernatremia FP
Pregnancy FN
Renal failure FP
Resistant hypertension FN
Drugs

Diuretics FN
ACE inhibitors FN
ARBs FN
β-blockers FP
CCB FN

ACE angiotensin-converting enzyme, ARBs angiotensin II receptor 
blockers, CCB calcium channel blocker, FP false-positive, decreased 
specificity; FN false-negative, decreased sensitivity
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APA) or bilateral (i.e., BAH) aldosterone hypersecretion. 
Adrenalectomy for true APA or unilateral hyperplasia is ef-
fective and is shown to reverse not only the hypertension but 
also cardiovascular and renal complications [18, 50]. Luma-
chi et al. followed up patients for over 5 years subsequent 
to unilateral adrenalectomy for APA: mean blood pressure 
values improved in 97 % of patients, and cure was achieved 
in 72 % [51]. Persistent hypertension following adrenalec-
tomy is significantly correlated with length of diagnosis and 
age [51, 52]. Rossi et al. documented improvement in blood 
pressure control, lessening of required antihypertensives in 
57 %, and complete cure in 30 % of patients [53]. Similarly, 
Young and colleagues showed postoperative improvement in 
nearly all patients and cure in 36 % and Letavernier’s group 
found an improvement in HTN in 68–77 % [43, 54]. Mil-
liez and colleagues showed cure in 43 % and improvement in 
an additional 29 % [9]. Few studies report repeat ARR ratios 
following surgery in those patients that continue to require 
antihypertensives, likely indicating underlying primary hy-
pertension.

Aldosterone hypersecretion in type I FH can be sup-
pressed with exogenous administration of physiologic doses 
of glucocorticoids (e.g., dexamethasone 0.125–0.25 mg/day, 
prednisolone 2.5 or 5 mg/day) as the first-line therapy [21], 
while treatment with MRA (e.g., eplerenone) is considered 
an effective alternative or concomitant therapy if hyperten-
sion is uncontrolled on glucocorticoids alone [25]. Type II 
and type III FH should be treated the same way as sporad-
ic forms of PA, with the exception of patients with severe 
forms of type III FH who may require bilateral laparoscopic 
adrenalectomy [34].

MRA, most commonly spironolactone or eplerenone, are 
also effective in treating all forms of PA, and should be con-
sidered in all patients with resistant hypertension, those with 
bilateral hyperplasia, or patients who refuse or are not candi-
dates for surgery [55]. The appropriate dose for spironolac-
tone has not been well defined for PA patients but it seems 
that a dose below 50 mg/day is considered both effective and 
safe [56, 57]. Spironolactone is also a progesterone agonist 
and androgen-receptor antagonist, and as a result is associ-
ated with side effects such as impotence, gynecomastia, and 
menstrual irregularities [57]. In the case of adverse effects 
with spironolactone, eplerenone which is a highly selec-
tive MRA with a low incidence of adverse effects could be 
used instead [58]. For patients who do not tolerate MRAs, a 
potassium-sparing diuretic (e.g., amiloride) could be used. 
Surgery appears to be more effective than MRAs in treating 
PA [59]. Additionally, the cost savings and quality of life im-
provement from coming off most if not all antihypertensive 
medications are substantial [60].

Summary

In conclusion, PA is a significant public health concern. 
Prevalence has increased with screening, with recent esti-
mates over 10 % in the hypertensive population. Given that 
approximately ½ of patients with PA have unilateral disease 
(i.e., 5 % of the hypertensive population), the relative safety 
of laparoscopic adrenalectomy, and the potential for curing 
a great number of patients with surgically correctable (i.e., 
unilateral) disease, it is important to screen patients with 

Fig. 1  Algorithm for diagnosis 
and treatment of surgically cor-
rectable primary aldosteronism
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both incidental adrenal nodules with hypertension or hypo-
kalemia as well as patients with resistant hypertension for 
PA. Screening for PA with ARR should be performed after 
correcting K+, in the morning after 15 min of being seated, 
and in consideration of concomitant antihypertensive medi-
cations altering the aldosterone–renin axis. Patients diag-
nosed with PA at a very young age, those with a family his-
tory of PA, or a personal or family history of cerebrovascular 
accidents at a young age should also be tested for familial 
PA. Type II familial PA screen-positive patients should be 
assessed for unilateral, surgically correctable disease with 
imaging (CT or MRI) and AVS where available. Laparo-
scopic adrenalectomy is a safe and highly effective treat-
ment for patients with unilateral hyperplasia or APA. Those 
with BAH and those that are not surgical candidates should 
receive MRAs.

Key Summary Points

• PA is the most common form of secondary hypertension.
• Patients with PA have worse outcomes compared to 

matched patients with primary hypertension.
• PA is most commonly caused by an APA or BAH.
• Familial hyperaldosteronism is a group of autosomal 

dominant inherited diseases consisting of three subtypes.
• Treatment guidelines for PA vary; diagnosis should be 

focused on confirming hyperaldosteronism serologically 
followed by differentiation of unilateral versus bilateral 
disease with imaging (CT or MRI) and adrenal venous 
sampling.

• Laparoscopic adrenalectomy is a safe and highly effective 
treatment for patients with unilateral hyperplasia or APA.

• Patients with BAH and those that are not surgical candi-
dates should receive an MRA.
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Dr. Jerome Conn belongs to the “golden age” of endocri-
nology, a time during the mid-twentieth century character-
ized by an explosion of interest in and discovery of classical 
endocrine hormones and the clinical syndromes produced by 
their dysregulation. It was a time when clinical biochemists 
worked side by side with inquisitive physician investigators, 
each one coming to the other for advice, even exchanging 
letters discussing the nuances and suggesting novel tests 
and solutions for individual patient cases. With scientific 
and clinical chemistry collaboration, a keen eye for clinical 
observation and the ability to admit patients to an investi-
gation ward for months on end, Dr. Conn and others of his 
generation were able to unravel both rare and now common 
endocrinopathies that have since defined endocrinology 
practice around the world.

“Jerry” was born in New York City in 1907, the son of 
a lunch-shop owner. After graduating from Rutgers Univer-
sity in 1928, he received his M.D. from the University of 
Michigan in 1932 and remained at that institution for his 
entire career. His university expenses were paid by his two 
sisters who worked as secretaries to support him [1]. After a 
brief, 1-year flirtation with surgery, he switched to internal 
medicine and joined the Division of Clinical Investigation as 
assistant professor in 1938. At first, he worked under the su-
pervision of Dr. Louis Newburgh who had clinical interests 
in the areas of diabetes and obesity. When Dr. Newburgh left 
to join the US Naval Research efforts, Dr. Conn became the 
director of the Division of Endocrinology and Metabolism 
in 1943, a position he held until his retirement 30 years later.

With World War II underway and the USA heavily in-
volved in the South Pacific theatre, there was much interest 
in biomedical research of military importance. Dr. Conn be-
came particularly interested in the science behind human ac-
climatization to heat and in 1950 published a complex paper 
in the Journal of Clinical Endocrinology and Metabolism 
demonstrating that the concentrations of sodium and chloride 
in human sweat were governed by steroids secreted by the 
adrenal cortex. In the same paper, he was able to demonstrate 
that the sweat electrolyte pattern could be used to evaluate 
the function of what he called “salt-active corticosteroids” 
[2]. In 1952, Simpson, Tait, and Bush isolated and identified 
a compound that eventually became known as “aldosterone” 
and thus opened the door to direct clinical measurement of 
Conn’s “salt-active corticosteroid.”

The clinical implications were not far behind these 
groundbreaking chemists’ work. In June and November of 
1954, Dr. M. D. Milne at Hammersmith Hospital in Lon-
don and Dr. C. L. Cope (also in London) published separate 
reports of the same patient they had shared with an appar-
ent diagnosis of “potassium-wasting nephritis” [3, 4]. The 
subject, a 41-year-old Nigerian woman had presented with 
severe hypertension and profound hypokalemic paralysis. 
Milne and Cope confirmed urinary potassium wasting and a 
high level of urinary “electrocortin” (aldosterone) but did not 
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appear to fully appreciate the connection and so a primary 
renal disease was postulated. Perhaps due to his established 
interest in adrenal steroids’ effect upon electrolytes, it seems 
that Dr. Conn had begun similar investigations on a similar 
patient that same year but with a clearer understanding of the 
likely adrenal nature of his patient’s problem. At the Central 
Society for Clinical Research meeting in October of 1954, 
Mader and Iseri from Detroit presented a paper detailing a 
case of hypertension and hypokalemia wherein an adrenal 
tumor had been found at surgical exploration in February of 
that year. But it was at the meeting’s presidential address that 
Dr. Conn presented his own index case of what he called 
“primary aldosteronism”. The patient was a 54-year-old 
woman with episodic weakness for several years. Over a 
7-month inpatient investigation, Dr. Conn documented all 
the cardinal features of the syndrome: hypertension, hypoka-
lemia not corrected with potassium salts, urinary potassium 
wasting, alkalosis, impaired urinary concentrating ability 
not corrected with vasopressin (hypokalemic nephrogenic 
diabetes insipidus). She had a low sodium to potassium 
ratio in her sweat and saliva, suggesting overproduction of a 
sodium-retaining substance. Conn postulated an aldosterone 
secreting adrenal tumor and indeed, an adrenal mass was dis-
covered and surgically removed on December 10, 1954. The 
patient’s potassium and blood pressure normalized within 12 
days with disappearance of the polyuria and muscle weak-
ness. This presentation appeared in print in January 1955 [5] 
and is considered the first published description of the dis-
ease with the appropriate linkage to primary aldosterone ex-
cess. A study of the literature of the time shows that within 4 
years, this new disease was being called “Conn’s syndrome” 
in the regular medical literature. Understanding of this newly 
described disease exploded and by 1962, Dr. Conn published 
a paper showing that his eponymous disease was not a rarity; 
in fact, within those 7 years, 145 similar cases were reported 
in the literature. Many clinicians also sought advice from Dr. 
Conn as he reported being aware of more than 50 other cases 
at the time that were as yet unpublished [6].

It is indeed a rare honor to have a novel and important 
disease named after its’ discoverer, and especially so if such 
recognition occurs during their lifetime but for Dr. Conn, 
the discovery was just the beginning. Over the remaining 
years of his career, Dr. Conn described virtually all of what 
is known today regarding this illness, including:
a. Many patients have adrenal hyperplasia or multiple ade-

nomas.
b. A high associated risk of heart disease, stroke, and death 

in those who do not get to surgery in time.
c. Not all patients are cured by adenoma removal (but most 

at least improved).
d. Many patients with confirmed disease do not have hypo-

kalemia.

e. Salt loading appears to be an effective way to confirm the 
diagnosis.

f. Blood renin levels are an integral part of differentiating 
primary aldosteronism from other mineralocorticoid hy-
pertension.

g. Black licorice ingestion may cause a similar clinical pre-
sentation.

h. “Failure to visualize (an adrenal mass) by various tech-
niques now in vogue does not exclude their presence.”

i. Functional adrenal masses may be detected by I131–
19-iodocholesterol scanning.

j. Primary aldosteronism is far too common to be consid-
ered a rare disease.

k. Primary aldosteronism may overlap seamlessly with 
an essential hypertension population in clinical appear-
ance.

l. Primary aldosteronism seems to be associated with im-
paired carbohydrate metabolism.

So comprehensive was Dr. Conn’s research career that it is 
quite remarkable in the present day and age, many investiga-
tors in the field of primary aldosteronism are still publishing 
papers that, while appearing to be novel, are really just con-
firming or recapitulating an observation made earlier by Dr. 
Conn. One might even go so far as to state that aside from 
new studies of the genetics of aldosteronism, virtually every-
thing of critical importance to the practice and knowledge 
base of aldosteronism was already fully described by Dr. 
Conn and his team by 1974. Nonetheless, it is particularly 
interesting to note, when reading through many of his 284 
publications, Dr. Conn never referred to the syndrome by his 
own eponym, preferring to stick with the term “primary al-
dosteronism”.

In addition to his contributions to primary aldosteronism, 
Dr. Conn also published in the fields of diabetes, obesity, 
Cushing’s syndrome and even described what is likely the 
first case of “normocalcemic primary hyperparathyroidism” 
[7]. He served as the president of the American Diabetes As-
sociation, was elected to the National Academy of Sciences, 
and was a founding member of the Institute of Medicine.

It has been recorded that Dr. Conn had some sage advice 
for his younger brother Harold who followed him into a 
medical career: “(1) Stay in one place because every move 
will cost you at least one year, and (2) find a good umbrella 
[by this he meant a supportive chairman] and stay under it” 
to which he added, “do not be seduced into becoming an 
umbrella” [8]. Ironically, despite his recommendation to 
avoid becoming a chairman, Dr. Conn remained the figure-
head of the Division of Endocrinology for almost 30 years, 
during which time innumerable young trainees matured into 
clinician-scientists under his tutelage and the University of 
Michigan gained and maintained a truly international reputa-
tion for excellence in endocrine research.
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One of Conn’s contemporaries recalled the following pas-
sage from an address given by Conn later in life:

I am not old enough to have forgotten completely the perspec-
tive of younger colleagues. Their aspirations are pointed in your 
direction. They wish eventually to reach the standing and respect 
in clinical research which they believe you have achieved, and 
many of them will, and perhaps to a greater degree! Let us set for 
them a proper example of kindness, friendliness, and common 
decency. [8]

There is a general movement afoot today to remove the his-
torical names from diseases and use more general pathologic 
terms. For Conn’s keen insight, exemplary clinical investi-
gation, comprehensive elucidation of an entire disease, and 
dedication to the furtherance of young researchers, perhaps 
“Conn’s Syndrome” is an eponym that should be allowed to 
remain.

Dr. Jerome Conn died in 1994 in Naples, Florida.
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Overview

Cushing’s syndrome (CS) refers to any state of excess corti-
sol and can be classified as from either exogenous or endog-
enous sources. Exogenous CS involves a medically induced 
hypercortisolism and is most commonly due to iatrogenic 
administration of steroids. By contrast, endogenous CS 
stems from overproduction of cortisol without any external 
stimulus, and this type of CS will be the focus of the current 
chapter. Endogenous CS is further divided into adrenocorti-
cotropic hormone (ACTH)-independent and ACTH-depen-
dent disease with the former involving autonomous cortisol 
secretion from the adrenal gland while the later stems from 
pituitary or extra-adrenal secretion of ACTH that drives cor-
tisol excess.

Epidemiology and Classification

Precise estimates of the incidence of endogenous CS are 
somewhat variable due to difficulties with testing and con-
firming the diagnosis. Generally accepted figures for yearly 
incidence are up to 2.4 per million in an unselected popula-
tion, and women are overall more likely than men to develop 
CS. Notably, the incidence of previously undiagnosed CS is 
higher among certain groups of patients including diabetics 
and those with obesity. Among individuals with inciden-
tally discovered adrenal masses, cortisol may be elevated in 
4–20 % and 12.5 % may develop overt CS within 1 year [1, 2].

CS is categorized according to the etiology as either 
ACTH-dependent or ACTH-independent with 80–85 % of 
cases attributable to ACTH-dependent causes and the re-
maining 10–15 % being ACTH independent (Table 1) [3].

ACTH-Dependent CS

Cushing’s Disease: Pituitary Adenoma
The most common cause of ACTH-dependent CS is a pi-
tuitary adenoma or Cushing’s disease (CD). Typically, the 
adenoma is relatively small in size (microadenoma) with an 
average diameter of < 5 mm, though larger macroadenomas 
(> 10 mm) do occur. It is important to note that autopsy stud-
ies suggest up to 27 % of individuals will have incidental 
pituitary adenomas, so the mere presence of a mass seen on 
imaging does not necessarily mean that the patient has CD.

Ectopic ACTH Secretion
ACTH secretion can occur from sources other than the pitu-
itary. Small-cell lung cancer frequently gives rise to paraneo-
plastic syndromes and can serve as a source of excess ACTH 
which stimulates adrenal cortisol secretion. Additionally, 
most neuroendocrine tumors including pheochromocytoma, 
gastrinoma, and carcinoids can secrete ACTH, as can medul-
lary thyroid cancer and neuroblastoma [4].

ACTH-Independent CS

Unilateral Disease
Unilateral adrenal nodules causing CS can be due to either 
adenomas (60 %) or carcinomas (40 %) with the risk of can-
cer increasing with size. Nodules < 4 cm carry a 2 % can-
cer risk, while those > 6 cm have a 25 % risk of malignancy. 
Intermediate-sized nodules from 4 to 6 cm are found to be 
cancer in 6 % of cases [5, 6].
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Bilateral Disease

ACTH-Independent Macronodular Adrenal 
Hyperplasia
ACTH-independent macronodular adrenal hyperplasia 
(AIMAH) is the underlying cause in < 1 % of patients with CS 
and has also been referred to as massive macronodular adre-
nocortical disease, autonomous macronodular adrenal hyper-
plasia, ACTH-independent massive bilateral adrenal disease, 
and giant macronodular adrenal disease. Age of symptom 
onset is typically in the fifth or sixth decade, and men have a 
similar incidence as women [7, 8]. The classic imaging find-
ing is multiple large adrenal nodules with pathology showing 
two distinct cell types: those containing clear cytoplasm or 
lipid-rich cells, and those with a compact cytoplasm or lipid-
poor cells. It should be noted, however, that the disease may 
progress at a different rate in each adrenal gland so that what 
initially appears to be unilateral disease ultimately develops 
into bilateral nodules. Adrenal cortisol secretion is amplified 
due to an increased number of adrenocortical cells rather 
than greater production from individual cells.

Primary Pigmented Nodular Adrenocortical Disease
Unlike with AIMAH, the actual size of the adrenal gland may 
be normal but the structure is replaced with multiple nodules 

scattered throughout an atrophic cortex. On imaging, prima-
ry pigmented nodular adrenocortical disease (PPNAD) can 
have several different appearances ranging from a string of 
beads to several large nodules. On pathologic examination, 
most of the nodules are small (< 4 mm) and clearly separate 
from the surrounding cortex. The nodules seen in PPNAD 
generally do not show a significant response to exogenous 
ACTH administration but demonstrate a paradoxical in-
crease in cortisol secretion in response to dexamethasone.

The etiology of PPNAD is evenly split between sporadic 
and familial causes. The Carney complex is a multiple en-
docrine neoplasia syndrome involving myxomas (cutaneous 
and cardiac), spotty skin pigmentation, schwannomas, and 
several endocrine tumors. PPNAD is the most common en-
docrine tumor seen in the Carney complex (see Chap. 37 for 
more information on Carney) and can be found in one fourth 
of those patients. Additionally, PPNAD has been linked to 
mutations in the cyclic adenosine monophosphate (cAMP)-
dependent protein kinase A ( PRKAR1A) gene [9].

Presentation and Natural History

While the classic presentation of CS involves the character-
istic physical changes such as a “buffalo hump” and purple 
striae, a wide array of other symptoms are associated with CS 
(Table 2), and the diversity of presentation frequently leads 
to delays in diagnosis. In particular, the manifestations of 
CS are quite similar to those of the metabolic syndrome and 
diabetes so a high index of suspicion is needed to make the 
diagnosis. Additional physical signs that can help distinguish 
CS from other disease processes include skin changes (easy 
bruising and fragile skin) and proximal muscle weakness.

CS significantly increases mortality primarily by increas-
ing the risk of cardiovascular disease [10]. Compared to 
the normal population, the standardized mortality ratio for 
those with CS can be as high as 4.8 [11–13]. In addition to 

Table 1   Causes of Cushing’s syndrome
ACTH dependent
 Pituitary adenoma (Cushing’s disease)
 Ectopic ACTH secretion
ACTH independent
 Adrenal adenoma
 Adrenal carcinoma
 ACTH-independent macronodular adrenal hyperplasia (AIMAH)
 Primary pigmented nodular adrenal disease (PPNAD)
 Other unilateral or bilateral adrenal disease
ACTH Adrenocorticotropic hormone

 

Sign or symptom Percentage of patients with symptom
Obesity 79–97
Plethora 78–94
Diabetes or impaired glucose tolerance 39–94
Moon facies 88–92
Hypertension 47–90
Muscle weakness 45–90
Menstrual changes 35–86
Hirsutism 58–84
Thin skin or easy bruising 17–84
Bone changes 48–83
Acne 21–82
Depression 25–67
Buffalo hump 34–67
Striae 50–64
ACTH Adrenocorticotropic hormone

Table 2   Signs and symptoms 
of Cushing’s syndrome
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cardiovascular complications, CS is associated with hyper-
coagulability and an increased risk of deep vein thrombosis 
(DVT) and pulmonary embolus (PE) [14, 15]. This disease 
manifestation is particularly important when planning opera-
tive intervention. CS not only leads to physical changes and 
symptoms, there are also important psychological changes 
associated with the diagnosis. Depression and psychosis are 
commonly seen but more subtle abnormalities including 
fatigue and loss of concentration and memory also occur. 
Equally important is a sharp decline in measures of health-
related quality of life (HRQL) covering multiple aspects of 
mental, social, and physical health [16–18]. In short, CS 
impacts multiple organ systems and the effects worsen the 
longer diagnosis and treatment are delayed. 

Subclinical CS

A subset of patients with incidentally discovered adrenal 
masses will have elevated cortisol levels but lack the typi-
cal signs and symptoms associated with glucocorticoid ex-
cess. These patients are categorized as having “subclinical” 

CS although they often present with hypertension, obesity, 
hyperlipidemia, and impaired glucose tolerance. The diag-
nostic tests which are discussed below are suboptimal when 
it comes to diagnosing subclinical CS as the biochemical 
changes are generally subtle and erratic. Consequently, no 
clear consensus has emerged regarding the best criteria or 
approach for diagnosing the condition. The same overall ap-
proach is used but a higher level of suspicion must be main-
tained in order to make the diagnosis.

Diagnostic Evaluation

The diagnosis of CS is complicated by the fact that there is no 
widely accepted gold standard test and each of the  available 
tests has important limitations. In general, the diagnostic 
process can be broken down into discrete steps beginning 
with confirmation of excess cortisol (Fig. 1). Once a hyper-
cortisol state is identified, the goal is to identify whether the 
underlying cause is autonomous secretion of cortisol due to 
adrenal disease or whether ACTH (or corticotropin-releasing 
hormone, CRH) secretion is driving adrenal  oversecretion. 

Fig. 1  Diagnostic approach to 
Cushing’s syndrome. ACTH 
adrenocorticotropic hormone, 
CS Cushing’s syndrome, MRI 
magnetic resonance imaging
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Finally, if the diagnosis of ACTH-dependent disease is 
made, it is necessary to determine whether the source of 
ACTH comes from the pituitary or an ectopic source.

Screening for Hypercortisolism

Recent guidelines from the Endocrine Society recommend 
the use of any of three tests for confirmation of excess 
cortisol secretion: low-dose dexamethasone suppression 
(LDDST), 24 h urine cortisol, and midnight salivary cor-
tisol [19]. Table 3 outlines the advantages, disadvantages, 
and what constitute a positive result for each test. These 
tests were selected based on their relatively high sensitivity 
since the consensus opinion was that the key to the initial 
diagnostic step is to avoid missing those who might actually 
have CS. The focus on sensitivity rather than specificity was 
based on the significant impact that untreated CS can have 
on mortality. The committee felt that, on balance, it would 
be better to have a few false positives which could be appro-
priately excluded by subsequent testing rather than missing 
those who might have CS and benefit from rapid evaluation 
and treatment. Since CS may be cyclic in nature or involve 
subtle derangements in the hypothalamic–pituitary–adrenal 
axis (HPA), it is frequently necessary to conduct multiple 
tests to confirm the diagnosis. Since there is no ideal or gold 
standard test for diagnosing CS, using two or more of these 
screening tests in combination may offer the best hope for 
accurate diagnosis. Collecting two separate samples for 
urine-free cortisol (UFC) or salivary cortisol is also useful as 
concordant results add support to the diagnosis of CS while 
discordant results should prompt additional testing.

Pseudo-Cushing’s States
An important limitation of all tests for CS is the difficulty dis-
tinguishing true CS from conditions that lead to a  temporary 

increase in cortisol (pseudo-Cushing states). Significant al-
coholism, depression, panic attacks, obesity, stress, and in-
tensive care unit (ICU) admission or critical illness can all 
transiently increase cortisol levels and lead to false-positive 
results. Additionally, the use of estrogens or oral contracep-
tives leads to increase in serum cortisol via higher levels of 
binding proteins (see section on UFC below). When attempt-
ing to diagnose CS, the presence of pseudo-Cushing states 
need to be considered and addressed when possible.

Low-Dose Dexamethasone Suppression Test
The rationale behind dexamethasone suppression testing is 
that the normal HPA responds to an increase in corticoste-
roids by suppressing ACTH secretion which leads to a drop 
in cortisol. In patients with ACTH-independent CS, the ad-
dition of dexamethasone should have minimal impact on 
serum cortisol because the feedback effect of excess cortisol 
has already suppressed ACTH secretion. Similarly, ectopic 
sources of ACTH secretion are generally not inhibited by re-
ceiving dexamethasone. Pituitary adenomas also tend not to 
be completely suppressed by low doses of dexamethasone, 
though there is often at least some decrease in serum cortisol 
after administration of dexamethasone. In practice, some pa-
tients with adrenal and even ectopic ACTH secretion (EAS) 
will have cortisol suppression in response to the LDDST. 
There are several methods for conducting the LDDST but 
one common approach involves oral administration of 1 mg 
dexamethasone between 2300 and 2400 h followed by plas-
ma cortisol measurement between 0800 and 0900 h that 
morning. Overall sensitivity of LDDST may be as high as 
95 % with a cutoff point of 1.8 µg/dL, though there is some 
disagreement over where this threshold should be set. Using 
a higher cutoff of < 5 µg/dL will decrease sensitivity but 
fewer false positives results in improved specificity [19–26].

The results of a LDDST can be affected by any of the 
pseudo-Cushing states mentioned above as well as by any 

Table 3  Comparison of screening tests for Cushing’s syndrome
Low-dose dexamethasone sup-
pression test

24 h urine-free cortisol Midnight salivary cortisol

Performance advantages Sensitivity up to 95 % Sensitivity > 85 %, specificity 
> 90 %

Sensitivity ≥ 92 %

1. Able to distinguish ACTH-inde-
pendent from ACTH-dependent 
causes

1. Unaffected by changes in corti-
sol binding proteins

1. Easy administration

2. Reflects 24 h total cortisol and 
not just a single time point

Disadvantages 1. Interpretation complicated by 
medications altering dexameth-
asone metabolism

1. Difficult to collect 1. Need different measurement 
time if shift worker, or has 
sleep disorder

2. False positives in pregnancy/
hormonal therapy

2. Sensitivity and specificity 
affected by renal function and 
volume of urine

2. Need to avoid licorice, tobacco

3. Unreliable in renal failure
Criteria for positive result < 1.8 µg/dL (higher specificity)

< 5 µg/dL (higher sensitivity)
Upper limit of normal for institu-
tional assay

> 145 ng/dL
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process or medication that alters dexamethasone metabo-
lism. These are discussed in more detail in a later section. 
Notably, women taking hormone supplementation may have 
up to a 50 % false-positive rate.

Twenty-Four-Hour UFC
Serum cortisol circulates in an inactive form bound to cor-
tisol-binding protein. The active or free cortisol is a func-
tion of both total cortisol levels and concentration relative 
to binding proteins. Serum measurements are affected by 
medications and comorbidities that influence cortisol-bind-
ing globulin (CBG) levels. These include use of oral contra-
ceptives by women as estrogen increases CBG production 
and this leads to elevated serum cortisol measurement. By 
contrast, UFC reflects the quantity of unbound cortisol that 
is filtered through the kidney and does not fluctuate with 
CBG concentration. Since UFC is collected over a 24-h pe-
riod, it provides an overall assessment of free cortisol lev-
els rather than relying on detecting elevated cortisol at a 
single time point. Sensitivity and specificity vary somewhat 
depending on the threshold set for an abnormal result but 
are typically > 85  and 90 %, respectively [27, 28]. There are 
several limitations to measuring UFC. First, since the assay 
depends on renal filtration, alterations in kidney function can 
significantly alter cortisol levels. At a creatinine clearance 
of < 60 cc/min, the rate of false negatives begins to increase 
substantially as less cortisol is filtered and collected in the 
specimen. At the opposite end of the spectrum, a substantial 
increase in fluid intake can lead to falsely elevated UFC as 
renal filtration increases. Additionally, performing the test 
can be something of a burden as patients need to provide a 
complete 24-h sample for the assay to be reliable.

Late-Night Salivary Cortisol
In otherwise healthy individuals, serum cortisol begins to 
rise prior to waking and peaks between 7 and 9 a.m. Cortisol 
then steadily declines throughout the day and reaches a nadir 
around midnight. This normal circadian rhythm is often in-
terrupted in patients with CS so that midnight cortisol is sub-
stantially elevated. Plasma cortisol equilibrates with salivary 
levels and the concentration is not substantially affected by 
the amount of saliva produced. Equally important, increases 
in serum cortisol are rapidly reflected by increases in sali-
vary cortisol. Since measurements of salivary levels do not 
require needle sticks and blood draws, this assay is a conve-
nient way to measure cortisol in an outpatient setting. When 
a threshold value of > 145 ng/dL is set, sensitivity and speci-
ficity are comparable to the previous assays and range from 
92 to 100 % and 93 to 100 %, respectively [27–30].

Salivary glands express 11β-hydroxysteroid dehydroge-
nase type 2 which converts cortisol to cortisone; it is possible 
that medications or other substances which block the enzyme 
may have falsely elevated salivary cortisol. Substances such 

as licorice and tobacco fall into this category and should be 
avoided during testing. Since the assay functions based on as-
sumptions of a normal circadian rhythm, patients who work 
in night shifts or have altered sleep–wake cycles should have 
the timing of the assay adjusted appropriately or the mea-
surement will miss the actual nadir in cortisol.

Additional Confirmation of Elevated Cortisol
If one of the above high sensitivity tests are used to demon-
strate elevated cortisol, it is important to confirm the diag-
nosis with additional testing. Two elevated tests are required 
to confirm the diagnosis. If the diagnosis is equivocal based 
on initial testing, additional advanced testing can help better 
identify patients who truly have CS. One option is use of the 
48-h, 2 mg/day LDDST with or without addition of CRH 
stimulation. This test involves administering 0.5 mg doses of 
dexamethasone every 6 h for 48 h and then measuring serum 
cortisol 6 h later. The addition of 1 µg/kg intravenous (IV) 
ovine CRH 2 h after the last dose of dexamethasone may im-
prove both sensitivity and specificity. The high-dose dexa-
methasone suppression test (HDDST) is another reasonable 
alternative though some studies suggest that this test adds lit-
tle information compared to the LDDST [31]. Alternatively, 
the midnight serum cortisol test can help confirm the diagno-
sis of CS [32]. This test requires inpatient admission and can 
be performed in patients while sleeping or while awake with 
different thresholds set for each approach.

ACTH Dependent Versus Independent

After the presence of CS is confirmed, the next step in diag-
nosis is to determine whether cortisol excess is ACTH de-
pendent (pituitary or ectopic ACTH) or ACTH independent 
(adrenal disease). This process involves a combination of 
biochemical and invasive testing to look for excess ACTH 
and imaging studies to localize the source.

ACTH-Independent CS
Low plasma ACTH (< 5 pg/mL) and failure to suppress cor-
tisol with the LDDST suggest an adrenal source for cortisol 
production and the diagnosis can generally be confirmed by 
either computed tomography (CT) or magnetic resonance 
imaging (MRI). Unilateral enlargement of an adrenal gland 
is generally due to adenoma or carcinoma while bilateral 
enlargement may be caused by AIMAH. Imaging features 
which may help distinguish benign adenoma from carcino-
ma include homogeneous appearance, CT attenuation ≤ 10 
Hounsfield units, rapid washout, absence of necrosis, isoin-
tense relative to liver on T2 weighted MRI, and stable size 
over time [5]. If the adrenals do not appear grossly enlarged 
on imaging, then the CS may be due to PPNAD.
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ACTH-Dependent CS
ACTH-dependent CS is suggested by an increase in ACTH 
over baseline. Once this finding is confirmed, the primary 
goal is to determine whether the excess ACTH is coming 
from the pituitary or from an ectopic source. Plasma ACTH 
> 20 pg/mL is generally consistent with the diagnosis of CD, 
and even higher levels (> 200 pg/mL) often suggest EAS. It 
should be noted, however, that in a large series from the Na-
tional Institutes of Health (NIH) evaluating EAS, one third 
of patients actually had normal ACTH levels so a high level 
of suspicion must be maintained during diagnosis. Further 
distinguishing between CD and an ectopic source of ACTH 
relies on the observation that pituitary adenomas frequently 
retain some element of HPA regulation while ectopic tumors 
secreting ACTH are generally not responsive to cortisol or 
other elements of the axis. Classically, pituitary adenomas 
do not respond to low-dose dexamethasone but may decrease 
ACTH secretion in response to higher doses of dexametha-
sone. The HDDST involves administration of either 2 mg of 
dexamethasone every 6 h for 48 h or a single 8 mg dose with 
measurement of cortisol at the end of 48 h. A positive test 
consists of a drop in cortisol to < 50% of baseline level, and 
sensitivity is around 80 %. Recent studies have questioned 
the value of the HDDST as the LDDST appears to adequate-
ly predict response to higher doses of dexamethasone.

Another test used to identify the presence of CD is the 
CRH stimulation test using IV administration of either 
human or ovine CRH and measuring cortisol response. De-
pending on the cutoff value used for a positive result, sen-
sitivity ranges from 86 to 93 %. Since neither of the above 
tests is ideal for discriminating between CD and EAS, the 
diagnosis often involves a combination of imaging and in-
vasive testing.

Imaging the pituitary gland with MRI can be used to sup-
port the diagnosis of CD over EAS. Finding an adenoma 
> 5 mm in the setting of cortisol suppression with dexameth-
asone or CRH strongly suggests that the primary disease is 
driven by the adenoma. Difficulty arises from the fact that 
pituitary adenomas are incidentally found in up to 10 % of 
patients who do not have CS and that 40–50 % of patients 
with CD will have apparently normal pituitary imaging.

When the diagnosis is unclear on the basis of imaging and 
noninvasive testing, the next step is bilateral inferior petrosal 
sinus sampling (BIPSS). This technique involves using cath-
eters to measure ACTH concentration in both petrosal sinus-
es while simultaneously checking plasma ACTH. If ACTH 
is significantly higher in the petrosal sinuses compared to 
the periphery, then a pituitary source is likely. If there is 
no gradient, then efforts should focus on additional imag-
ing studies to identify the source of ectopic ACTH. BIPSS 
is suggestive of a pituitary source when the petrosal sinus 
to peripheral ACTH ratio is > 2:1 in an unstimulated patient 
or > 3:1 following administration of CRH. Overall sensitiv-

ity and specificity for BIPSS is > 90 % when performed at 
centers with expertise in the technique, but both false nega-
tives and false positives do occur [33–35]. One method to 
reduce false negatives is to record prolactin levels to serve 
as a control. Although sampling from both sinuses should, in 
theory, allow localization of the adenoma to either side of the 
pituitary gland this does not seem to be especially accurate 
in practice. Additionally, the technique does require the use 
of invasive catheters and complications such as bleeding and 
stroke can occur.

Special Cases

In addition to the standard evaluation for CS, the Endocrine 
Society recommendations also address difficult or unique 
situations that may complicate the diagnostic process.

Pregnancy
Cortisol levels increase significantly after the first trimester 
of pregnancy and can reach levels up to three times normal 
before delivery. Consequently, the threshold for diagnosing 
CS based on either urine or serum cortisol must also increase 
in pregnant women. At the same time, dexamethasone is less 
effective in suppressing the HPA during pregnancy so the 
LDDST is more likely to yield false positives in this popula-
tion.

Seizure Medications
Several seizure medications can alter hepatic clearance of 
dexamethasone and complicate interpretation of the LDDST. 
Medications including phenytoin and carbamazepine both 
increase clearance via cytochrome P450 (CYP) enzymes and 
this effect tends to increase false positives when using the 
LDDST.

Renal Failure
Patients with poor renal function and glomerular filtration 
rate (GFR) < 60 cc/min will have inadequate filtration and 
clearance of cortisol, so measurement of UFC becomes an 
unreliable reflection of serum concentrations. Moreover, at 
least one report suggests that serum cortisol levels are elevat-
ed in patients with renal disease who do not have CS. Finally, 
dexamethasone metabolism may be altered in the setting of 
significant renal disease so that LDDST is unreliable. Over-
all, having normal response to dexamethasone or a normal 
serum cortisol suggest that a diagnosis of CS is unlikely but 
abnormal values should be interpreted cautiously.

Cyclic CS
Some individuals with CS do not exhibit a consistently el-
evated cortisol level. Instead, oversecretion of cortisol is epi-
sodic or cyclic in nature so that multiple different tests will 
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show normal cortisol levels. In this situation, it is probably 
best to repeat testing in several months if clinical suspicion 
remains high despite normal tests. Persistent or progressive 
signs and symptoms should especially prompt further inves-
tigation since patients without CS or other pathology should 
improve rather than worsening with time.

Treatment

ACTH-Dependent CS

Surgical
Definitive therapy for CD is surgical resection. The trans-
sphenoidal approach is preferred for pituitary adenomas and 
is associated with initial remission rates of 60–80 % when 
operating on a patient for the first time. Relapse rates follow-
ing the initial surgery can be substantial, however, and ap-
pear to increase steadily with time to 20 % or more depend-
ing on length of follow-up [36–39]. Risk factors for persis-
tent disease after surgery include operating on macroadeno-
mas rather than microadenomas, reoperation, and failure to 
identify an adenoma at the time of surgery. Transsphenoidal 
surgery is associated with low morbidity when performed by 
experts in the technique with a permanent hypopituitary state 
being the most significant complication.

Radiation
Pituitary radiotherapy is generally not a first-line therapy for 
CD but can be utilized after unsuccessful transsphenoidal 
resection or in patients who are not candidates for surgery 
due to other comorbidities. The biochemical response rate in 
the setting of failed pituitary surgery is > 80 %, but there is 
a considerable delay before remission actually begins. Most 
patients will show improvement within 2 years of radiation 
therapy but the timing ranges from 6 months to 5 years after 
treatment is complete [40].

Recurrent Disease
There are several options for patients with CD who fail to 
respond to transsphenoidal resection. One possibility is re-
turn to the operating room for additional resection. Most 
studies show that reoperation can successfully treat persis-
tent or recurrent disease but is not as effective as the initial 
surgery. For those who do not desire additional surgery or 
are not candidates for another transsphenoidal resection, ra-
diotherapy is a reasonable alternative. As mentioned above, 
radiotherapy is effective but there is a significant lag time be-
tween treatment and actual improvement. Any one or a com-
bination of medical therapies can also be employed to help 
control symptoms from CS, though these are all associated 
with side effects and can become less effective over time. 

Finally, bilateral adrenalectomy can be utilized as definitive 
therapy for both ACTH-independent and ACTH-dependent 
diseases by removing the final pathway for cortisol secre-
tion. Bilateral adrenalectomy comes with a requirement for 
lifetime medical supplementation for adrenal insufficiency 
but does offer hope of cure for patients with otherwise re-
fractory disease.

ACTH-Independent CS

Surgical
Laparoscopic adrenalectomy is the treatment of choice for CS 
due to adrenal glucocorticoid secretion from benign lesions. 
Both the transabdominal and retroperitoneal approaches are 
safe and produce similar outcomes with low complication 
rates [41, 42]. When adrenal cancer is suspected based on 
preoperative imaging characteristics (heterogeneity, elevated 
Hounsfield units, calcification, irregular borders, central ne-
crosis), invasion into surrounding structures, or other factors, 
then the open approach is recommended. If it is entirely un-
clear whether a lesion is benign or malignant, it is reasonable 
to start with the laparoscopic approach with plans to convert 
upon any suspicious intraoperative findings. Larger lesions 
(> 15 cm), coagulopathy, and previous abdominal operations 
or trauma are relative contraindications to the laparoscopic 
approach [43].

Postoperative adrenal insufficiency is common since glu-
cocorticoid overproduction can lead to atrophy of the oppo-
site gland. Unfortunately, there is no reliable method to de-
termine who is most likely to develop adrenal insufficiency 
so all patients should be treated with perioperative steroids 
with plans for rapid taper to physiologic replacement levels. 
One approach to determining who will require longer-term 
steroid supplementation is to hold the evening steroid dose 
and check a morning cortisol level prior to the morning dose. 
If the value is low, then the patient is discharged with ongo-
ing oral steroids and is evaluated later in clinic.

Since AIMAH can cause bilateral adrenal hyperplasia, 
the traditional approach has been to offer bilateral adrenal-
ectomy. Recent papers have questioned whether this is truly 
necessary as unilateral adrenalectomy may offer significant 
reduction in symptoms without requiring medical manage-
ment for adrenal insufficiency.

Medical

When patients are not surgical candidates or do not desire 
surgery, there are several medications which can be used to 
manage the symptoms of CS [44].
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Dopamine receptors are expressed on most anterior pitu-
itary cells and act to inhibit ACTH secretion. Dopamine ago-
nists such as cabergoline were effective in treating  recurrent 
or persistent CD in up to 40 % of patients after failed trans-
sphenoidal surgery [45, 46].

Mitotane inhibits mitochondrial enzymes involved in ad-
renal cortisol production and can induce initial remission in 
> 80 % of patients, though most of these eventually relapse. 
Use of mitotane is generally limited to cases of adrenal can-
cer due to the considerable side-effect burden [47].

Etomidate is a drug commonly used for anesthesia 
 induction but also has a rapid onset inhibition of cortisol 
production. Given the rapid onset and rapid decline in ef-
fect, etomidate is mostly used for the acute management of 
hypercortisolism and less for the long-term management of 
symptoms.

Metyrapone acts primarily by inhibiting the final step of 
cortisol synthesis by 11-β hydroxylase and leads to biochem-
ical remission in up to 75 % of patients and clinical improve-
ment in most [48]. Side effects stem mostly from loss of 
ACTH-mediated feedback inhibition with resultant increases 
in androgen and mineralocorticoids. Consequently, patients 
may develop hirsutism, acne, hypotension, and hypokalemia.

Ketoconazole leads to reduction in cortisol production 
via inhibiting several enzymes involved in steroid synthesis. 
Biochemical cure is obtained in greater than 50 % of patients 
and most individuals who respond to treatment will do so 
within 3 months. The most significant side effect is hepa-
totoxicity which necessitates measurement of liver function 
during therapy. Other notable side effects include gastroin-
testinal upset and hypogonadism in men. Plasma bioavail-
ability is affected by proton pump inhibitors so these medi-
cations should not be used together.

Mifepristone, a glucocorticoid receptor antagonist, was 
recently evaluated for the treatment of CS in a multicenter 
trial which demonstrated that 87 % had at least some clinical 
improvement including improvement in diabetes, decrease 
in blood pressure, and weight loss.

Finally, since pituitary adenomas frequently express soma-
tostatin receptors, that pathway has served as another target 
for controlling symptoms from CD. A recent phase III trial 
of the somatostatin analog pasireotide showed significant de-
crease in cortisol levels as well as symptomatic improvement 
in patients with CD who were not candidates for surgery [49].

Prognosis

Morbidity

Successful surgical intervention for CS results in consider-
able improvement both biochemically and from a symp-
tom standpoint. The individual manifestations of CS have 

 variable levels of improvement following successful treat-
ment. Following successful surgical therapy, diabetes, obe-
sity, blood pressure, and low-density lipoprotein (LDL)-cho-
lesterol levels show significant improvement but may not 
ever return to levels seen in normal controls. Equally impor-
tant, damage to the intima of major arteries and the increased 
presence of atherosclerotic plaques also persists even after 
remission which suggests that long-term damage to the vas-
culature occurs as a result of CS [50]. Similarly, although the 
neurologic and psychiatric manifestations of CS do tend to 
improve after treatment, overall HRQL remains persistently 
abnormal across nearly every dimension measured.

When treating patients with CS, it is important to counsel 
them that clinical improvement is gradual rather than im-
mediate. Following adrenalectomy for CS, skin changes in-
cluding striae and bruising may take 8–10 months to resolve 
[51]. Central obesity and moon facies tend to improve over a 
similar time frame while diabetes, depression, hirsutism, and 
the buffalo hump are more likely to resolve 10–12 months 
after surgery. Muscle weakness, skin hyperpigmentation, 
and acne all tend to persist for more than a year after surgery.

Mortality

Despite the delayed resolution of some symptoms and the 
lack of reversibility of all changes after treatment, mortality 
in patients with CD who undergo successful transsphenoidal 
surgery does not appear to differ from population controls. 
By contrast, those with persistent or recurrent disease con-
tinue to have persistently worse mortality.

Postoperative Steroids

Since CS represents a state of cortisol excess, the normal 
HPA axis is typically suppressed and may take considerable 
time to recover after surgical therapy. All patients undergo-
ing unilateral adrenalectomy should be started on steroids 
postoperatively with plans to taper as the HPA axis normal-
izes. As with symptom improvement, however, it may take 
considerable time for the HPA axis to recover sufficiently to 
stop steroid supplementation. In fact, 65 % may require ste-
roids for longer than 6 months with a median duration of 30 
months following unilateral adrenalectomy [51].

Following bilateral adrenalectomy, patients need to un-
derstand that they will be on steroid medication for life and 
that they face the risk of Addisonian crisis as a result. The 
dosing will need to be monitored carefully in order to avoid 
an exogenous excess of cortisol and these patients will re-
quire stress dosing of steroids for any subsequent opera-
tions.
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Key Summary Points

• CS can have significant impacts on morbidity, mortality 
and quality of life.

• Although early treatment can greatly reduce these prob-
lems, diagnosis is frequently difficult as the signs and 
symptoms are highly variable and often quite subtle.

• There is no ideal diagnostic test for CS and a high index 
of suspicion is often required to make the diagnosis.

• Treatment is surgical when possible. Second line thera-
pies include medications and radiotherapy.
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There are few individuals who have profoundly changed the 
course of medical history. Harvey Cushing (1869–1939) is 
one of them. His contribution to modern neurosurgery, criti-
cal care anesthesia, surgical education, research, medical 
illustration, and literature including a Pulitzer Prize for his 
biography of Sir William Osler demonstrate his enormous 
span of influence. Two excellent sources documenting Cush-
ing’s contributions and persona are the historical biography 
by John F. Fulton and the entertaining and insightful biogra-
phy by Michael Bliss [1, 2].

Harvey William Cushing, the youngest of ten children, 
was born on April 8, 1869, in Cleveland, OH. His brother, 

father, grandfather, and great-grandfather were all physi-
cians who profoundly influenced his career. He benefited 
from a privileged lineage and a family that emphasized the 
importance of education. As a child he avidly collected and 
catalogued insects, minerals, and plants. He also demon-
strated precocious talent as an illustrator, a skill he would 
subsequently refine and incorporate into his career [3]. He 
attended Yale University from 1887–1891, played for the 
Yale baseball team and was elected into the secret society 
“Scroll and Key”.

He followed the lead of his brother Ned and attended Har-
vard Medical School from 1891 to 1895 where even as a 
medical student he made significant contributions including 
the creation and employment of the “ether chart” in 1894 and 
the implementation of X-rays that had been described 1 year 
earlier by Röntgen. Accordingly, he set the background for 
both critical care anesthesia and diagnostic radiology. He 
began his clinical training as a house pupil in Massachusetts 
General Hospital in 1895.

He left Boston to go to Baltimore in 1869, at the age of 
27, to work as an assistant resident under the leadership of 
William S. Halsted of Johns Hopkins Hospital. At Hopkins, 
his clinical skills were enhanced and he also continued to 
refine his artistic talents under the tutelage of Max Brödel 
the founder of the Department of Art as Applied to Medicine 
and perhaps the greatest medical illustrator in the world [4]. 
Brödel’s genius is demonstrated in his illustration of Cush-
ing’s approach to the pituitary gland (Fig. 1). Cushing took 
formal art lessons from Brödel and began a lifelong relation-
ship with the master illustrator. Cushing became increasingly 
interested in intracranial surgery, but recognized that the in-
ability to achieve hemostasis would limit the surgeon’s abil-
ity to perform resectional therapy. In typical Cushing fash-
ion, he attacked the problem with insight and experimental 
creativity and refined and incorporated the operative use 
of suction and coagulation devices while working with the 
engineer William Bovie; he would subsequently develop a 
vascular clip (“Cushing clip”) to be applied to intracranial 
vessels. He developed the modern field of neurosurgery and 

Photograph of Cushing in his dressing room. Immediately follow-
ing surgery, Cushing would illustrate the operative findings. It was 
common for him to wear his operative gloves while drawing these 
illustrations. (Photograph by Walter Willard Boyd. Courtesy of the 
Cushing-Whitney Medical Historical Library, Yale University School 
of Medicine, New Haven, CT)
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every subsequent neurosurgeon can trace their training based 
on a lineage to Harvey Cushing. At Hopkins, he worked 
with the founding fathers of Johns Hopkins Hospital: Wil-
liam Stewart Halsted (Surgery), William Osler (Medicine), 
William Henry Welch (Pathology), and Howard Atwood 
Kelly (Obstetrics). Osler was both his neighbor and mentor. 
They became lifelong colleagues sharing a profound inter-
est in clinical medicine, scientific discovery, and collecting 
ancient medical books including the works of his historical 
hero Vesalius.

After training at Hopkins, Cushing, in the custom of the 
time, traveled to Europe to work with the greatest medical 
scientists. In Bern, he worked with Theodore Kocher and 
Hugo Kronecker exploring the relationship between intra-
cranial hypertension and systolic blood pressure (Cushing’s 
Reflex). In England, he worked with Victor Horsley and Sir 
Charles Scott Sherrington on the motor cortex. He also vis-
ited the surgical clinics and hospitals in Germany, Austria, 
France, and Italy.

He returned to Hopkins in 1902 and created the Hunterian 
Laboratory to both teach surgical technique and perform ex-
periments. This laboratory would shape the scientific devel-
opment of generations of medical students, house officers, 
and faculty members. His interest in neurosurgery became 
increasingly refined and he undertook evermore complex 
cases involving intracranial surgery. He developed a series 
of approaches to the pituitary gland for patients with acro-
megaly and he would subsequently recognize that pituitary 
basophil adenomas could cause the disease he discovered, 
Cushing’s disease in the broader context of “Cushing’s syn-
drome”. He also developed approaches for acoustic neu-
roma, meningioma, and trigeminal neuralgia. He carefully 
documented his cases and immediately after surgery drew 
operative illustrations in exquisite and sophisticated detail 
as demonstrated in above Figure. He became not only the 
world’s best known neurosurgeon but also the world’s most 
distinguished and recognized physician.

In 1910, he was recruited to Boston to be surgeon-in-chief 
of the newly opened Peter Bent Brigham Hospital of Harvard 
Medical School. During World War I he served in France 
where he meticulously described the care of wounded sol-
diers. During this time, he cared for the only surviving child 
of his lifelong mentor and described the death of Edward 
Revere Osler. He served as chief of surgery of Peter Bent 
Brigham Hospital from 1910–1932 until he returned to New 
Haven as the Sterling professor of neurology (1933–1937). 
He trained a generation of neurosurgeons who would carry 
his profound influence throughout the world. He illustrated 
many of his operative approaches employing the techniques 
he had learned from Brödel (Fig. 2).

Harvey Cushing demonstrated enormous energy, creativ-
ity, and productivity. He published over 330 manuscripts and 
books and it was estimated that he wrote over 10,000 words 
a day. He was brilliant, driven, and intimidating. He was a 
man who according to Michael Bliss, “was respected by all, 
but loved by very few” [1].

In 1902, he married his childhood friend Katharine Stone 
Crowell and they had five children: William Harvey, Mary 
Benedict, Betsey, Henry Kirke, and Barbara. William Har-
vey would also go to Yale, but died in a tragic automobile 
accident in 1926. Cushing’s influence extended well beyond 
surgery as he was well connected with the Roosevelt presi-
dential family, and his daughters would assume prominent 
roles in high society in Manhattan and Washington, DC

During the latter part of life after he returned to Yale, he 
made plans to donate his extensive rare book collection of 
over 8000 items to Yale University and this would eventually 
form the core of the Cushing Historical Library. In addition, 
he documented and collected the clinical histories, operative 
procedures, and eventually the recovered brains from his 
patients and this extensive collection found a home in the 
newly opened Cushing Brain Tumor Registry in the Cushing 
Center at the Yale University School of Medicine which was 
organized under the guidance of Dennis Spencer, MD, the 
Cushing professor of neurosurgery at Yale.

Fig. 2  Cushing’s illustration of a traumatic brain injury operation on 
the cerebral cortex. This sophisticated illustration employs techniques 
that can be attributed to the influence of Max Brödel. The face of the 
subject is remarkably similar to Cushing’s mentor William Osler. It 
was more likely modeled after his older brother Ned, who bears a re-
markable resemblance to Osler. Wolff’s carbon pencil and dust on Ross 
stipple board. (Courtesy of the Cushing–Whitney Medical Historical 
Library, Yale University School of Medicine, New Haven, CT)

 

Fig. 1  Brödel illustration of Cushing performing surgery in 1912. 
Brödel used a real view of the surgeon and a sagittal view of the pa-
tient emphasizing the approach to the pituitary fossa. The operative 
light creates a powerful focus forcing the eye of both the surgeon and 
the observer through the patient’s palate into the pituitary fossa. Black 
ink on Ross stippleboard; 1912. (Courtesy of the Max Brödel Archives, 
Department of Art as Applied to Medicine, Johns Hopkins University 
School of Medicine, Baltimore, MD)
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Cushing’s honors are legendary: honorary degrees from 
nine American and thirteen European Universities, and in-
numerable awards and honorary memberships. His trainees 
founded the Harvey Cushing Society in 1932, and it would 
eventually become the American Association of Neurologi-
cal Surgeons. Harvey Cushing was a driven individual who 
dominated and transformed medicine. He was an intellectual 
giant who employed his creative and technical skills to de-
velop modern neurosurgery. He will be remembered as one 
of the most influential physicians of all times.
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Prior to genetic testing, the understanding of genetic endo-
crinopathies required the commitment and interest of astute 
clinicians treating patients with an interest in associating rare 
diseases. Conditions may have been described in only a sin-
gle patient with a rare combination of diseases that required 
persistent and ongoing interest. Few have made contribu-
tions as important as J. Aidan Carney, M.D., Ph.D., in the 
field of endocrine surgery.

Dr. Carney’s career at Mayo Clinic has spanned over five 
decades and continues today authoring more than 200 origi-
nal articles including more than 90 articles after retirement. 
However, his interest in pathology and medicine began 
across the pond. Dr. Carney was born in Roscommon, Ire-
land on January 21, 1934. He was the son of Frances How-
ley Carney and Richard Gerard Carney. He attended Glon-
gowes Wood College in Naas, Co. Kildare near Dublin from 
1947 to 1952 and obtained his M.B.B. Ch in 1959 from the 
University College of Dublin. From 1959 to 1960, he was 
an intern in St. Vincent’s Hospital in Dublin, Ireland, and 

subsequently worked in the pathology department at both the 
University College and Richmond Hospital up to July 1962. 
He received his Ph.D. from the University of Minnesota in 
1969, while working at Mayo Clinic, with his dissertation 
entitled “Morphology of Myosin and Thick Myofilament Di-
ameter in Experimental Cardiac Hypertrophy.” This special 
interest in the pathology of cardiac muscle was maintained 
throughout his career. At the time, he may not have realized 
that this interest would serve him well in understanding the 
complex pathologic relationship that would later bear his 
name.

He began his career at Mayo Clinic, Rochester, as a resi-
dent in the Department of Pathology from 1962 to 1966 
and received an appointment as an assistant to the staff and 
associate consultant in 1966. Dr. Carney was married to Dr. 
Francoise Le Guen of Port Louis, Mauritius, on June 16, 
1962. She was an accomplished anesthesiologist in her own 
right, appointed as a fellow in the Department of Anesthesi-
ology in the Mayo Graduate School of Medicine from 1962 
to 1965 as well as a member of the faculty of the Department 
of Anesthesiology in Mayo Clinic from October 1, 1965.

Dr. Carney’s interest in endocrine disorders and syn-
dromes began in 1966 after reading a paper by Dr. Dillwyn 
Williams which described the syndrome of multiple endo-
crine neoplasia 2B (MEN 2B). Dr. Carney’s initial contribu-
tion included descriptions of medullary hyperplasia in bilat-
eral pheochromocytomas in MEN 2B. Later, investigations 
led to reporting previously unrecognized syndromes—most 
notably Carney triad, Carney complex, and Carney Stratakis 
syndrome. Identification of these entities was accomplished 
through years of collecting unusual cases, establishing rap-
port with patients, exhaustive detective work with follow-up 
from around the world, and synthesis of seemingly unrelated 
findings into coherent clinical and pathological entities.

In understanding subtle connections between rare disease 
processes, Carney established several rules which he contin-
ues to abide by: (1) the concurrence of the tumors is statisti-
cally unlikely even in one patient because of their rarity; (2) 
the neoplasms are often multiple in the affected organs; (3) 

Aidan Carney. (Courtesy of Mayo Clinic)

 



230 B. M. Dy et al.

the lesions appear at an age when tumors are not expected 
especially when compared to their sporadic counterpart; and 
(4) the association has a pronounced sex predilection—“then 
a case can be made for concluding that the concurrence of 
the tumors is likely not coincidental.”

Based on the presence of these principles, the association 
involving gastric intestinal stromal tumors (GIST), pulmo-
nary chondromas, and functional extra-adrenal paraganglio-
mas became clearly evident. This constellation was one of 
Dr. Carney’s first descriptions of syndromic associations and 
was described in the New England Journal of Medicine in 
1977. This became to be known as Carney’s triad [1].

His interest in this triad began after reviewing an arti-
cle by Henry D. Appleman, M.D., from the University of 
Michigan in Ann Arbor. In line with his principles of un-
derstanding syndromic associations, he noted that out of 
127 cases of GIST tumors, three occurred predominantly 
in women of young age, were multiple, and had an insidi-
ous development with slow-growing well-localized tumors 
compared to the other 124 cases which are most often pre-
sented in men in their fifth or sixth decade with malignant 
aggressive tumors.

In his initial report, he described the concurrent appear-
ance of three unusual tumors in four young patients: pul-
monary chondroma, epithelioid leiomyosarcomas, and func-
tioning paragangliomas. In subsequent reports by himself 
and others who had developed an interest in the association, 

the tumors of this triad occur at various times, often with 
long periods of time between their appearances in a given 
patient.

Over 30 years later, Carney continues to study his origi-
nal triad and has found associations with two other entities, 
esophageal leiomyomas and adrenal adenomas, postulating 
that this may actually be a pentad in etiology [2]. With over 
60 years of follow-up, Dr. Carney has published long-term 
results on patients he has diagnosed with Carney’s triad with 
a disease-specific mortality rate of 80 % [3].

Another landmark association was achieved when Carney 
complex (Fig. 1) was described. This particular complex in-
cludes primary pigmented nodular adrenal disease (PPNAD), 
growth hormone secreting pituitary tumors, schwannomas, 
testicular tumors, mammary myxomas, cardiac myxomas 
cutaneous myomas, and spotted skin pigmentation in vary-
ing penetrances [4].

In 1984, PPNAD was described in four patients with 
Cushing’s syndrome at the Mayo Clinic. At the time, a re-
view of current literature had shown a clustering of this in 
two families with one patient dying of a cardiac myxoma. 
This led to further investigation by Dr. Carney. Due to his 
years of experience associated with endocrine pathology and 
special interest in cardiac pathology originating as early as 
his Ph.D. research, he “noted in a Swiss report two siblings 
with PPNAD and other disorders.” In his review of these 
cases, he found two siblings with PPNAD but also a variety 

Fig. 1  Characteristics of Car-
ney complex. (Courtesy of Mayo 
Clinic)
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of other maladies. One suffered from eyelid fibromas and 
eventually developed hemiparesis. The other also had mul-
tiple fibromas. However, a third sibling without Cushing’s 
syndrome or skin lesions, died of a cardiac myxoma at age 
4 years. At the time, of the four patients diagnosed with 
PPNAD at Mayo Clinic and 19 in the literature, none had 
been diagnosed with a synchronous or metachronous cardiac 
myxoma which highlights the difficulty and persistence re-
quired to develop these associations.

This led Dr. Carney to pursue other routes for showing an 
association. None of the patients having undergone bilateral 
adrenalectomies up to 1982 had developed cardiac myxo-
mas. Looking in reverse, no patients with cardiac myxomas 
in the literature or of the 51 diagnosed at Mayo Clinic had de-
veloped Cushing’s syndrome. After searching through hun-
dreds of records, he identified one case with “multiple corti-
cal adrenal adenomas. The gross description of the glands 
was multiple cortical adrenal nodules in both adrenals. These 
are of a yellowish color but contain some brown and black 
dots.” However, there were no cytologic features that were 
consistent with PPNAD described in the specimens.

It was not until he reviewed the slides that he diagnosed 
PPNAD in the specimen. He reported “It was surely not an 
accident that the cardiac myxoma was located in the left 
atrium.” In addition, multiple fibromas and “nevi” through-
out the body were described. Dr. Carney described that “it 
seemed almost impossible that all the patient’s conditions, 
PPNAD, unusually situated or multiple cardiac myxomas, 
numerous pigmented moles, and a myxomatous fibroadeno-
ma—could be encountered together in the particular circum-
stances in which they had been found and the events be un-
connected.” They must all be related. “They must constitute 
a syndrome.”

Today, PPNAD occurs in approximately half of all pa-
tients with Carney complex. Genetic mutations in PRKAR1A 
and PDE11A have been identified in patients who manifest 
with the complex. However, not all patients with Carney 
complex have mutations in these gene sequences and addi-
tional mutations are being studied.

Although he is best known for his eponymous associa-
tions, his research interests spanned multiple areas including 
multiple endocrine neoplasia, testicular carcinoma, parathy-
roid disease, and adrenal disease. It is fitting that as muta-
tional analysis and genetic correlation to phenotype abnor-
malities emerged, Dr. Carney was certainly at the forefront 
of these research endeavors. This is clearly evident in Car-
ney–Stratakis syndrome in patients with paragangliomas and 
GIST tumors [5]. In 2001, Dr. Carney began working with 
Dr. Constantine Stratakis, a pediatric endocrinologist at the 
National Institutes of Health. Two notable findings were evi-
dent within this group of patients. First, they tended to occur 
in younger males as opposed to younger females as initially 

described in the Carney triad in 1977. Second, despite long 
follow-up periods in these families, there appeared to be no 
emergence of pulmonary chondromas.

There was difficulty in distinguishing these syndromes 
given the long latency that can occur between the manifesta-
tions of the syndromes. There have been more than 20 fami-
lies with this syndrome described. Although often clinically 
diagnosed, today, familial testing can be used to describe 
the syndrome in kindreds through mutations in subtypes of 
succinate dehydrogenase (SDH) mutations including SDHB, 
SDHD, and SDHC. With this understanding, future research 
into identifying targets for unresectable paragangliomas 
have emerged, including tyrosine kinase inhibitors and sub-
sequent molecular targets.

In an editorial in Mayo Clinic Proceedings, Henry D. 
Appleman, M.D., reviewed the discovery of the Carney 
triad and raised the question, “has the Carney Triad had a 
clinical effect?” This can be extended to other rare associa-
tions including Carney Complex given the rarity of PPNAD, 
GIST tumors, and myxomas. In fact, even the most astute 
clinician may be unaware of these relationships and impact 
given that they have affected fewer than 500 patients in the 
literature. However, the road to describing these conditions 
was not straightforward. It required hundreds of hours of re-
viewing slide material, patient records and scouring the lit-
erature. There were countless approaches and creative and 
novel angles that had to be examined before a clear associa-
tion could be established. At times, it may have been as few 
cases as a single patient that sparked a connection that would 
take over 20 years to be confirmed genetically. As Appleman 
so succinctly describes the Aidan Carneys of the world are 
insightful and creative, and they force us who are neither to 
keep our eyes open, observe things carefully, and question 
dogma frequently [6].
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Introduction

Pheochromocytoma and paraganglioma are tumors of the 
chromaffin cells of the neuroendocrine system. These cells 
are called chromaffin cells due to their ability to turn dark 
brown when freshly incubated with potassium dichromate, 
which oxidizes the catecholamines stored therein to melanin 
[1, 2]. In 1912, Pick proposed the name “pheochromocyto-
ma,” creating it out of the Greek words phaios (“dusky”), 
chroma (“color”), and cytoma (“tumor”) [3]. In 2004, the 
World Health Organization classified chromaffin tumors of 
the adrenal medulla, which make up approximately 85 % of 
chromaffin tumors, as pheochromocytoma [4, 5]. Paragan-
glioma refers to tumors of the extra-adrenal sympathetic and 
parasympathetic ganglia. In the case of pheochromocytomas 
and paragangliomas of the sympathetic ganglia, these tu-
mors secrete excess catecholamines. Paragangliomas of the 
parasympathetic ganglia typically are nonfunctional. While 
the majority of pheochromocytomas and paragangliomas 
typically secrete excess catecholamines, they may also co-
secrete adrenocorticotropic hormone (ACTH), parathyroid 
hormone-related protein (PTHrp), vasopressin, vasoactive 
intestinal polypeptide (VIP), and growth hormone-releasing 
hormone (GHrh) which may lead to clinically confusing pre-
sentations [2]. The details of pheochromocytoma are classi-
cally remembered by medical students and residents as the 
tumor that obeys the “rule of 10’s,” i.e. 10 % are inherited, 
10 % are bilateral, 10 % are found in children, and 10 % are 
malignant. However, this mnemonic has largely been shown 
to be outdated as significantly higher proportions are shown 
to carry germ-line mutations [6]. The prevalence of pheo-

chromocytoma and paraganglioma is estimated to be be-
tween 1 in 6500 and 1 in 2500, leading to an annual incidence 
in the USA of 500–1600 cases [7]. Autopsy studies in China, 
Australia, and New Zealand suggest a pheochromocytoma 
prevalence alone as high as 1 in 2000 [8, 9]. They can occur 
in any age group, although they usually present at a younger 
age if due to a germ-line mutation. They are generally con-
sidered to have an equal gender distribution, although there 
has been some suggestion of a 3:2 female predilection [10]. 
Pheochromocytomas and paragangliomas are rare causes of 
secondary hypertension, and account for approximately 0.1–
0.6 % of screened secondary hypertensive cases [11].

Embryology/Cellular Biology

Since they can arise in either the adrenal medulla or anywhere 
along the sympathetic or parasympathetic ganglia, pheo-
chromocytomas and paragangliomas have been reported in 
the head and neck (including the carotid and vagal bodies), 
the mediastinum, and the extra-adrenal abdomen and pelvis 
(including the celiac, superior, and inferior ganglia, organ of 
Zuckerkandl, and urinary bladder) [12] (Figs. 1 and 2).

In the chromaffin cell, tyrosine is first converted to 3,4-di-
hydroxyphenylalanine (DOPA) by tyrosine hydroxylase. 
This is the rate-limiting step of catecholamine formation and 
serves as a point at which the physician can block catechol-
amine formation, either as part of the patient’s preoperative 
preparation or as palliative treatment for unresectable dis-
ease with metyrosine. DOPA is then converted to dopamine 
by aromatic l-amino acid decarboxylase. Dopamine is then 
converted to norepinephrine by dopamine β-hydroxylase 
and norepinephrine is finally converted to epinephrine by 
phenylethanolamine N-methyltransferase (PMNT). PMNT 
is almost exclusively located in the adrenal medulla. Further, 
cortisol acts as a necessary cofactor in PMNT’s mechanism 
of action. Thus, chromaffin tumors producing only norepi-
nephrine as manifested by high normetanephrine levels are 
typically paraganglioma and not pheochromocytoma [2]. 
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The exception to this rule is the adrenal pheochromocytomas 
found in von Hippel Lindau disease [11].

Presentation

Given its rarity, pheochromocytoma and paraganglioma are 
generally not routinely sought out as a cause of secondary 
hypertension. Further complicating the issue, as many as 
30 % of patients with pheochromocytoma or paraganglio-
ma are either normotensive or experience only orthostatic 
hypotension [13]. However, in cases of heightened clinical 

suspicion, such as an early onset hypertension, or in a pa-
tient who presents with episodic, paroxysmal hypertension 
accompanied by the classic constellation of symptoms in-
cluding headaches, palpitations and diaphoresis, the diag-
nosis of pheochromocytoma and paraganglioma should be 
considered. Only 10 % of patients will present with the clas-
sic constellation of symptoms and the key to making the di-
agnosis is first considering the possibility. Other symptoms 
of catecholamine excess may include pallor, hyperglycemia, 
anxiety, or a sense of foreboding, nausea, and/or vomiting. 
If these symptoms accompany micturition, a paraganglioma 
near the bladder should be considered. Further, a patient 
who demonstrates an unusually high blood pressure in re-
sponse to an invasive procedure (such as general anesthesia, 
surgery, or interventional radiological interrogation) should 
undergo a workup for pheochromocytoma. The diagnosis of 
pheochromocytoma should also be entertained whenever an 
adrenal mass is uncovered on abdominal imaging either as 
an adrenal incidentaloma or as part of a metastatic workup 
for a known malignancy. Pheochromocytomas account for 
approximately 5–7 % of adrenal incidentalomas [14] and 
perhaps 20–30 % of current pheochromocytomas are dis-
covered first as adrenal incidentalomas [15]. Left untreated, 
pheochromocytomas can cause catecholamine-induced car-
diomyopathy, congestive heart failure, myocardial infarc-
tion, stroke, and death.

Workup

Epinephrine and norepinephrine are degraded by methylation 
through catechol-O-methyltransferase to metanephrine and 
normetanephrine, respectively, or by deamination through 
monoamine oxidase to vanillymandelic acid [16]. Measure-
ments of plasma and urine catecholamines are unhelpful 
because the half-lives of the catecholamines are extremely 
short. In contrast, the metanephrine by-products have a lon-
ger half-life. Plasma-free metanephrines have a high sensi-
tivity at 96–100 % but a lower specificity of 85–89 % [11]. 
Twenty-four-hour urine fractionated metanephrines have a 
sensitivity of 77–90 %, but a high specificity of 93–98 % 
[11]. In general, plasma metanephrines are the screening test 
of choice due to the ease of obtaining samples and the higher 
sensitivity [17, 18]. Metanephrine levels greater than two to 
three times the upper limit of normal carry a near 100 % posi-
tive predictive value for a pheochromocytoma and function-
al paraganglioma. Similarly, a metanephrine level that is less 
than one time the upper limit of normal has a very high nega-
tive predictive value [2]. When the metanephrine levels are 
between one and two times the upper limit of normal, there is 
a 30 % chance of having a pheochromocytoma or functional 
paraganglioma [19]. Unfortunately, no clinical factors have 

Fig. 2  An 83-year-old female, who presented with a small bowel 
obstruction, noted to have a mass at the aortic bifurcation found inci-
dentally on CT. Subsequent planar and SPECT/ I-123-MIBG images 
demonstrated an organ of Zuckerkandl paraganglioma ( white arrows). 
CT computed tomography, SPECT single photon emission computed 
tomography, MIBG metaiodobenzylguanidine. (Images courtesy of 
Thomas Nelson, M.D., Department of General Surgery, Naval Hospital 
Camp Pendleton and Robert Marks, M.D., Department of Radiology, 
Naval Medical Center San Diego)

 

Fig. 1  A 31-year-old male noted to have a unilateral neck mass fol-
lowing an upper respiratory infection has a paraganglioma in the right 
carotid body ( white arrows). (Images courtesy of John York, M.D., 
Department of Radiology, Naval Medical Center Portsmouth, Virginia)
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been shown to distinguish between patients with and without 
pheochromocytoma or functional paraganglioma in this lat-
ter group of patients. Of note, paraganglioma typically lack 
the N-methyl transferase necessary to convert norepinephrine 
to epinephrine, so a paraganglioma may have normal levels 
of metanephrine and only elevated normetanephrines while 
the total metanephrine should still be elevated. When testing 
metanephrine levels, it is important to eliminate confounding 
factors: the patient should ideally be in a stress-free state, lie 
supine for 20 min prior to phlebotomy and should refrain 
from intake of caffeine or other stimulants prior to testing. 
The list of medications that can potentially affect biochemi-
cal testing includes tricyclic antidepressants, levodopa, over-
the-counter (OTC) decongestants, amphetamines, buspirone 
and other antipsychotic agents, prochlorperazine, reserpine, 
cocaine, nicotine, and ethanol. Withdrawal from clonidine 
and other stimulants can also affect biochemical testing [2]. 
In tumors that can secrete dopamine such as those caused by 
SDHB (see section “Genetic Syndromes”) or SDHD muta-
tions, consideration should be given to testing for dopamine 
and its metabolite methoxytyramine [20]. In general, testing 
for metanephrines should be done on two separate occasions 
to confirm the diagnosis.

After biochemical confirmation of the diagnosis, anatom-
ic imaging (computed tomography (CT) scan or magnetic 
resonance imaging (MRI)) should be obtained followed 
by a functional imaging study (metaiodobenzylguanidine 
(MIBG) or positron emission tomography (PET) scan). 
Combining functional imaging in addition to anatomic im-
aging (especially in young patients and cases of paragangli-
oma) helps to identify multifocal lesions that may be missed 
with cross-sectional imaging alone and ensure that a non-
functional anatomic abnormality is not removed instead of a 
“missed” functional lesion elsewhere. MRI and CT have sen-
sitivity for pheochromocytoma of 98 and 89 %, respectively 
[11]. On CT, pheochromocytoma and paraganglioma can ap-
pear homogenous or heterogeneous and in addition to being 
solid, may be hemorrhagic, cystic, or necrotic compared to 
the usually homogenous and solid benign adenoma. Pheo-
chromocytoma and paraganglioma have a higher density on 
CT than an adenoma and has a slower washout of contrast. 
Rarely, a pheochromocytoma can contain more lipid and be 
mistaken for an adenoma. On MRI, a pheochromocytoma is 
usually more signal intense, especially on T2-weighted im-
aging where approximately one third of the time it displays 
a “bright white light bulb” sign and has a slower washout 
phase [21]. An old adage is that a solid adrenal tumor that 
is bright on T2-weighted imaging is cancer or a pheochro-
mocytoma until proven otherwise. Especially in younger 
patients or those with a higher suspicion for a genetic muta-
tion, anatomic imaging from skull base to pelvis should be 
considered to look for paraganglioma.

The two main functional studies for pheochromocytoma 
and paraganglioma are the MIBG scan either with 123-iodine 
or 131-iodine and the PET scan [22]. MIBG is an analog of 
norepinephrine and is readily taken up by the norepinephrine 
transporter. The overall sensitivity for 131I-MIBG scanning 
is 77–90 % and the specificity is even higher at 95–100 %. 
Sensitivity improves with the use of 123I-MIBG and single 
photon emission computed tomography (SPECT) imaging 
to 88–96% [23]. However, the sensitivity of MIBG imag-
ing is lower in cases of familial disease, malignant disease, 
abdominal paraganglioma, and nonfunctional head and neck 
paraganglioma. The sensitivity is especially low in cases of 
small, multiple paraganglioma, thus rendering MIBG less 
helpful with succinate dehydrogenase (SDH)-related dis-
ease. Further drawbacks of the MIBG study include the need 
for thyroid blockade, the potential need for withdrawal of 
catecholamine-blocking medications, limited image reso-
lution, and long study time. In contrast, PET scanning has 
emerged as an extremely valuable tool for all cases of pheo-
chromocytoma and paraganglioma, but especially for cases 
of multiple paraganglioma. Several different tracers have 
been utilized, most notably 18F-dopamine, 18F-DOPA, and 
18F-flurodeoxyglucose (FDG). The sensitivity of 18F-FDG 
PET has been reported between 92 and 100 % and its spec-
ificity at 90 % [23]. The sensitivity of 18F-DOPA PET has 
been reported between 98 and 100 % with a specificity of 
100 % [23]. 18FDG is the only tracer currently in wide use, 
and most pheochromocytomas and paragangliomas accumu-
late 18FDG (Fig. 3).

Adrenal tumors suspected of being a pheochromocytoma 
must not be biopsied as this may precipitate a “pheo crisis.” 
In fact, there are very few situations in which biopsy of an ad-
renal tumor is indicated. Perhaps the only scenario in which 

Fig. 3  T2 MRI and planar 131I-MIBG of a left pheochromocytoma 
( white arrows). MRI magnetic resonance image, MIBG metaiodoben-
zylguanidine. (Images courtesy of Luisa Kropcho, M.D., and Ryan Re-
strepo, M.D., Department of General Surgery, Naval Medical Center 
Portsmouth, Virginia)
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biopsy of an adrenal tumor is helpful is in the instance when 
a metastatic lesion is suspected and confirming the presence 
of an adrenal metastasis would change the management from 
surgical resection of the primary to systemic therapy.

Genetic Syndromes

Instead of the classic “10 %” rate of germ-line mutation, it 
is now recognized that at least 30–35% of pheochromocyto-
mas and paragangliomas demonstrate a germ-line mutation 
[15, 24, 25]. In children presenting with pheochromocytoma 
or paraganglioma, this rate of germ-line mutation has been 
cited to be as high as 40% [7]. There are at least 17 caus-
ative genes, including RET, vHL, NF1, SDH ( A, B, C, D, and 
AF2), MAX, PHD2, K1F1Bβ, and TMEM127 [14, 15, 26] 
(Table 1).

Genetic screening should be performed in patients with 
bilateral adrenal disease, paraganglioma, multifocal disease, 
and age younger than 50. However, given this higher rate of 
genetically linked disease, some groups advocate mandatory 
genetic testing for any patient with a pheochromocytoma or 

paraganglioma. Using the patient’s specific tumor character-
istics combined with the information in Table 1, a directed, 
cost-effective testing strategy can be devised (Fig. 4).

In the evaluation of any suspected familial disease, par-
ticular attention should be paid to the dermatologic, head and 
neck, ophthalmologic, and neurologic evaluation [15].

Among the most common etiologies of heritable pheo-
chromocytoma and paraganglioma are mutations in the SDH 
gene. The molecular basis for the SDHD mutation was first 
described in 2000 [15]. SDHB, the most common SDH mu-
tation, and SDHC were subsequently identified followed by 
SDHA. Mutations in the SDH assembly factor 2 (SDHAF2) 
have also been described. These mutations cause a range of 
anatomic and clinical presentations, but usually lead to para-
gangliomas that secrete dopamine, the dopamine metabolite 
methoxytyramine, norepinephrine, or are clinically silent 
[14]. The mechanism of action for SDH-related tumor for-
mation is thought to be increased degradation of the mutated 
enzyme followed by the loss of heterozygosity which com-
bines to lead to decreased SDH action which in turn leads to 
an increase in succinate accumulation, increased DNA meth-
ylation, chronic hypoxia, and thus increased tumor formation 

Table 1  Genetic mutations associated with common causes of familial pheochromocytomas and paragangliomas [15, 20]
Disease Mutation Predominant 

catecholamine
Usual location Behavior Associated findings

MEN 2a RET Epinephrine Adrenal Benign MTC, HPT, cutaneous 
lichen amyloidosis

MEN 2b RET Epinephrine Adrenal Benign MTC, mucosal neuro-
mas, marfanoid habitus, 
Hirschprung’s disease

Von Hippel-Lindau 
(type 2)

VHL Norepinephrine Adrenal (bilateral 
40 %)

Benign Retinal angiomas, CNS 
hemangioblastomas, 
pancreatic cysts and NET’s, 
renal cell carcinomas, epi-
didymal cystadenomas

Von Recklinhausen 
(Neurofibromatosis)

NF1 Epinephrine Adrenal Benign
(10 % malignant)

Neurofibromas, Café-au-
lait spots, axillary and groin 
freckling, iris hamartomas, 
macrocephaly, mental 
retardation

Familial paragangli-
oma syndrome (FPS)

SDHA – – Benign (up to 14 % 
malignant)

Leigh disease, GIST, renal 
cell carcinoma, pituitary 
adenoma

FPS type 4 SDHB Norepinephrine but can 
produce dopamine

Extra-adrenal abdo-
men, mediastinum, 
pelvis

Malignant Renal cell carcinoma, pap-
illary thyroid cancer

FPS type 3 SDHC Can be parasympathetic. 
Can produce norepi-
nephrine, dopamine

Skull base/ neck Benign Renal cell carcinoma

FPS type 1 SDHD Can be parasympathetic. 
Can produce norepi-
nephrine, dopamine.

Skull base/ neck Multiple. malignant Renal cell carcinoma

FPS type 2 SDH AF2 – Skull base/ neck – –
MEN multiple endocrine neoplasia, RET rearranged during transfection protooncogene, MTC medullary thyroid cancer, HPT hyperparathyroid-
ism, NET neuroendocrine tumor, NF1 neurofibromatosis, SDHx succinate dehydrogenase, AF2 assembly factor 2, CNS central nervous system, 
GIST gastrointestinal stromal tumor
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[14, 24]. SDHB and SDHD mutations often cause thoracic 
and abdominal paragangliomas, such as in the organ of 
Zuckerkandl. SDHB mutations can present with metastases 
in up to 38% of cases [24]. SDHD mutations also cause head 
and neck paragangliomas that can be clinically silent. Data 
on SDHC, SDHA, and SDHAF2 tumors are rare and not 
yet completely clear. Interestingly, the SDHD and SDHAF2 
genes undergo maternal imprinting and thus only patients 
with affected fathers develop the syndrome [14]. The overall 
penetrance of SDH mutations is low, which explains the ap-
parent high rate of de novo mutations and the need for rigor-
ous consideration of genetic testing in pheochromocytoma 
and paraganglioma patients [14].

Multiple endocrine neoplasia 2a and 2b (also called 
Sipple’s syndrome) are caused by a mutation in the rear-
ranged during transfection (RET) proto-oncogene and occur 
in 10 % of germ-line mutations associated with pheochromo-
cytoma. Von Hippel Lindau is a rarer cause of pheochromo-

cytoma accounting for only about 5% of cases. Both Sipple 
syndrome and von Hippel Lindau syndrome are covered in 
detail in Chaps. 62 and57, respectively. Carney–Stratakis 
dyad and Carney triad are also rare genetic causes of para-
ganglioma. The dyad consists of gastrointestinal stromal tu-
mors in addition to paragangliomas whereas the triad also 
includes pulmonary chondromas. The specific genetic cause 
has yet to be isolated but is thought to be related to mutations 
in the SDH gene [14].

Treatment

Preoperative Preparation

Surgery is the mainstay of treatment for pheochromocy-
toma and paraganglioma and represents the only chance 
of curing the patient whether the disease is benign or ma-

Fig. 4  Recommended genetic testing algorithm for patients with pheo-
chromocytoma or paraganglioma. *If levels of both normetanephrine 
and methoxytyramine are elevated, follow the algorithm for methoxy-
tyramine. If levels of both normetanephrine and metanephrine are 
elevated, follow the algorithm for metanephrine. **In patients with 
elevated levels of normetanephrine with clinical features that do not 

clearly indicated which gene to test, perform immunohistochemistry 
for SDHB and SDHA. + If tumor is adrenal, TMEM127 testing may 
be considered. DA dopamine, HNP head and neck paraganglioma, h/o 
history of, MTY methoxytyramine, SDH succinate dehydrogenase. 
(Reprinted from Martucci and Pacak [14] with permission from El-
sevier, adapted from Karasek et al. [27] with permission from Nature 
Publishing Group)
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lignant [2]. The first pheochromocytoma was resected 
without knowledge of the secretory effect this tumor had. 
Charles Mayo successfully removed this tumor via a flank 
approach in 1927. Arthur Shipley was the first surgeon to 
remove a pheochromocytoma knowingly, and as such was 
far better prepared to manage the consequences of manipu-
lation and removal of such a tumor. Given the potentially 
life-threatening effects of increased catecholamine release, 
nowadays patients should undergo a preoperative cardiac 
evaluation, including at least an electrocardiogram with 
strong consideration given to obtaining an echocardio-
gram. In addition, patients should receive careful preop-
erative preparation.

The classic preoperative preparation for patients with 
pheochromocytoma and paraganglioma is alpha-blockade 
with an alpha-blocker such as phenoxybenzamine. Alpha-
blockade is typically started at a low dose and is gradually 
increased until the patient experiences side effects such as 
a stuffy nose, mild orthostasis, and fatigue. As the alpha-
blockade sets in, the chronic alpha-mediated vasoconstric-
tion relaxes and the patient shows evidence of volume deple-
tion. Therefore, it is critical to instruct the patient to drink 
extra fluid and take a little extra salt in the diet during this 
period of time. Adequate preoperative volume resuscitation 
will minimize the hypotension once the tumor is removed.

There are a number of alpha-blocking medications to 
choose from and generally fall into the categories of selec-
tive alpha-blockers such as doxazosin, terazosin, or prazosin 
and nonselective alpha-blockers such as phenoxybenzamine. 
Alpha-blockade with phenoxybenzamine results in less in-
traoperative hypertension but more postoperative hypoten-
sion due to its nonselective, noncompetitive, long-acting 
mechanism of action [28]. Selective, short-acting, competi-
tive alpha-blockade results in more intraoperative hyperten-
sion and more use of intraoperative fluid resuscitation but 
less postoperative hypotension. However, there does not ap-
pear to be a difference in surgical outcome or hospital stay 
no matter which type is chosen [29].

Once the patient is alpha-blocked and volume resuscitat-
ed, he or she may demonstrate a reflex tachycardia. In that 
case, it is appropriate to add beta-blockade, whether selec-
tive or nonselective, in order to decrease the heart rate, di-
minish myocardial demand, and preserve coronary flow. It is 
critical to note that one must “not” begin beta-blockade until 
the patient is adequately alpha-blocked, or the patient will 
experience unopposed alpha stimulation, which can lead to 
potentially fatal cardiovascular events.

As an alternative or adjunct to traditional alpha-blockade, 
some surgeons prefer calcium channel blockers for their renal 
and cardiac protective effects. Some groups have shown that 
calcium channel blockers may minimize coronary vaso-
spasm from a paroxysmal norepinephrine surge [20]. They 

are also useful as a second-line agent if the patient continues 
to demonstrate hypertension even on maximal alpha block-
ade [16]. Calcium channel blockers reduce arterial hyperten-
sion by inhibiting norepinephrine-mediated transmembrane 
calcium influx in vascular smooth muscle [28].

In rare cases, metyrosine has been used for preoperative 
preparation. Metyrosine blocks the action of tyrosine hy-
droxylase, the enzyme responsible for the first step in cat-
echolamine synthesis. Metyrosine, however, is quite expen-
sive and carries with it a range of undesirable side effects 
including nightmares, galactorrhea, extrapyramidal symp-
toms, sedation, diarrhea, and anxiety [2].

Intraoperative Strategies

Anesthetic agents that increase sympathetic tone, such as 
succinylcholine, ketamine, ephedrine, pancuronium, and 
desflurane, should be avoided [28]. A smooth anesthetic in-
duction is critical to avoid severe swings in blood pressure 
and heart rate; drugs such as propofol and dexmetatomadine 
are especially useful in this setting. An arterial line is high-
ly recommended for close blood pressure monitoring as is 
central venous access for quick delivery of vasoactive drugs 
centrally. The anesthesiologist should prepare several drips 
of short-acting vasopressors and antihypertensives in ad-
vance, such as phentolamine, nitroprusside, and nicardipine, 
for acute lowering of blood pressure, lidocaine and esmolol 
for cardiac arrhythmias, and norepinephrine, phenylephrine, 
or vasopressin for blood pressure support if needed once the 
adrenal vein is ligated. Magnesium is also a useful anesthetic 
adjunct [30]. Many texts suggest early ligation of the adrenal 
vein to minimize systemic secretion of catecholamine, but 
this is often not necessary with good preoperative prepara-
tion and short-acting medications. While historical data sug-
gest a perioperative mortality rate of 30–45 %, modern series 
demonstrate a perioperative mortality rate of between 0 and 
2.9 % [16].

Pheochromocytomas and paragangliomas can be ap-
proached via open surgery, a transabdominal laparoscopic 
route, or through a posterior retroperitoneoscopic approach. 
Laparoscopic adrenalectomy has become the gold standard 
for resection of most pheochromocytomas and has been 
shown to have equivalent outcomes to laparoscopic adre-
nalectomy for other disease processes in the adrenal such as 
primary hyperaldosteronism and Cushing’s syndrome [31]. 
Indeed, there is a wealth of data to suggest that patients 
have better outcomes with a laparoscopic versus an open 
approach with regards to intraoperative blood loss, postop-
erative pain, length of stay, and return to work [20, 32, 33]. 
In the case of surgery for bilateral disease, consideration 
can be given to cortical-sparing adrenalectomy in order to 
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save the patient from the lifelong sequelae of adrenal insuf-
ficiency [20, 33].

Postoperative Management

It is not uncommon, especially if the patient was prepared 
preoperatively with phenoxybenzamine, for patients to re-
quire vasopressor agents for a brief period postoperatively. 
Depending on the available resources, this can be monitored 
in either the recovery room or intensive care unit (ICU). 
While ICU care was once considered mandatory postoper-
atively, many modern series have demonstrated that many 
patients can be safely managed on the regular postsurgical 
floor [34]. In the case of laparoscopic adrenalectomy, pa-
tients can often be discharged on postoperative day 1 while 
patients who have had an open removal may require a longer 
hospitalization primarily for pain control.

Many groups will obtain a complete blood count 6 h post-
operatively, given the hypervascular nature of these tumors. 
Repeat biochemical testing should be conducted at approxi-
mately 6 weeks postoperatively to demonstrate cure. Other-
wise, there are no requisite postoperative laboratories until 
the time of subsequent surveillance for recurrence, which 
should occur annually. Some authors suggest close monitor-
ing of the patient’s blood sugar in the immediate postopera-
tive period, due to the withdrawal of catecholamine stimula-
tion on cellular glucose production.

Malignant and Recurrent Disease

Certain clinical factors are associated with an increased risk 
of malignancy including increased size, extra-adrenal loca-
tion, SDHB mutation, and a high methoxytyramine level (a 
metabolite of dopamine) [19]. However, the only tried and 
true means of making the diagnosis of malignant pheochro-
mocytoma or paraganglioma is if there is evidence of local 
invasion or metastatic disease or if there is a recurrence. Final 
pathology and scoring systems like the pheochromocytoma 
of the adrenal gland scaled score (PASS) are unable to reli-
ably determine whether the tumor is malignant [35]. There-
fore, it is imperative to treat every operation for pheochro-
mocytoma or paraganglioma as a cancer operation and 
achieve adequate margins. Unfortunately, recurrent disease 
can present even following complete surgical removal [36]. 
Recurrence in sporadic cases has been reported at a rate of 
14 % for pheochromocytoma and 30 % for paraganglioma 
[37]. The risk of recurrence in familial disease is 3.4 times 
that of sporadic disease [37]. Pheochromocytomas and para-
gangliomas metastasize most commonly to lung, liver, bone, 

and lymph nodes [14]. All patients with a history of a pheo-
chromocytoma or paraganglioma, especially those with a 
known mutation, should undergo yearly biochemical screen-
ing for recurrent disease. Given the different biochemical 
profiles of various familial pheochromocytomas and para-
gangliomas, the testing should be tailored to maximize the 
sensitivity and specificity of the screening process. For para-
sympathetic disease that does not secrete catecholamines, 
annual screening should be done with the appropriate imag-
ing study.

In the case of metastatic disease, palliative debulking 
should be considered, given the tumor’s biochemical activ-
ity. Chemotherapy options are limited but evolving. Results 
with traditional agents such as cyclophosphamide, vincris-
tine, and dacarbazine have been disappointing, but future 
options may include LB1, a small molecule inhibitor of ser-
ine/threonine protein phosphatase 2A in combination with 
temzolamide or sunitinib [20]. When surgical palliation is 
not sufficient, chemical palliation may be achieved with me-
tyrosine. Radiotherapy has been performed with 131I-MIBG, 
yielding symptomatic improvement, decrease in tumor size, 
and improvement of the biochemical hormonal profile. Me-
dian survival has been reported at 4.7 years after treatment, 
with those patients who display a hormonal response more 
likely to experience a survival benefit [22]. Radiofrequency 
ablation and external beam radiation are also options for sur-
gically inaccessible metastases [14].

Key Summary Points

• Pheochromocytomas and paragangliomas are tumors of 
the chromaffin cells of the neuroendocrine system involv-
ing the adrenal medulla and autonomic nervous system. 
They usually hypersecrete catecholamines and as such 
are a cause of secondary hypertension, cardiomyopathy, 
myocardial infarction, stroke, and death.

• Patients are best screened with plasma metanephrines 
and the diagnosis is confirmed with a 24-h urine study 
and subsequently localized with an anatomic study 
(such as CT or MRI) and a functional scan (such as 
MIBG or PET).

• Alpha-blockade and fluid resuscitation are the main-
stays of preoperative preparation. A patient may be 
beta-blocked prior to surgery if he or she is tachycardic 
but beta-blockers must never begin until alpha-blockade 
has been established.

• Consider the diagnosis of pheochromocytoma in the case 
of any incidentally found adrenal mass and before any 
biopsy of an adrenal tumor. In general, adrenal biopsies 
should be avoided.
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• Consider a directed genetic workup in the case of pheo-
chromocytoma and especially with paraganglioma given 
the high rate (35 %) of familial disease.

• All patients with pheochromocytoma or paraganglioma 
should under.go lifelong surveillance for recurrence and 
metastatic disease.

Disclaimer: The views expressed in this chapter are those of 
the authors and do not necessarily reflect the official policy 
or position of the Department of the Navy, Department of 
Defense, or the US Government.

Michael G. Johnston is a military service member (or em-
ployee of the US Government). This work was prepared as 
part of his official duties. Title 17, USC, § 105 provides that 
“Copyright protection under this title is not available for any 
work of the US Government.” Title 17, USC, § 101 defines 
a US Government work as a “work prepared by a military 
service member or employee of the US Government as part 
of that person’s official duties.”
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To have a continuing, tangible influence on the daily activi-
ties of a large medical institution, a century and a half after 
its origin, and 75 years after his own death, is a remarkable 
accomplishment.

Thus it was, and is, for C. H. (Charlie) Mayo. A perusal of 
his many wise aphorisms may give us some insight into the 
soul and spirit of this unique surgeon, affectionately known 
as Dr. Charlie [1–5].

Carry out the two fundamental surgical requirements: see what 
you are doing and leave a dry field.

He was well renowned for his surgical dexterity and amaz-
ingly broad surgical practice which ranged from general, to 
urologic, to orthopedic, and even to neurosurgery. In 1937, 
his brother (Dr William Mayo) in an interview said, “Char-
lie had the widest scope of surgical ability of any man I have 
ever known. My field was restricted from the beginning to 
a few areas of the body, abdomen-pelvis-kidney, which I 

developed one by one. Charlie seemed to have the ability to 
open up all fields.” Indeed, Dr. Charlie’s gift for excelling 
within all surgical disciplines lay in his tenacity for assuring 
that simplistic fundamental surgical principles were carried 
out: expose the diseased organ clearly, and maximize hemo-
stasis with a meticulous technique. Although he considered 
himself a “simple surgeon,” his adherence to these two surgi-
cal principles led him to a legendary career in surgery.

Once you start studying medicine, you’ll never get through with 
it.

Dr. Charlie had a lifelong passion for learning—both he and 
his brother assiduously set aside time each evening for scien-
tific reading. If they were forced to miss their hour of reading 
for whatever reason, they made sure that they made up this 
“missed time” by doubling up on future sessions.

More good would come to our country through tongue control 
than birth control.

In the operating room, hospital, and clinic, idle chatter was 
frowned upon by the Mayo brothers. They were the same at 
home; precise and concise use of the spoken language was 
deeply admired. This was their manner of speech, and espe-
cially so for Dr. Charlie.

After all, the only thing a man can finally take with him is the 
love and respect of his fellow citizens. The more one forgets 
himself, the more the love, esteem and approbation of his fellow 
citizens.

Dr. Charlie loved his fellow man/woman. He was a loving 
husband, a gentle, but strict father, and a respected yet dis-
tant educator. All the while, he possessed a great sense of 
humor—what a unique combination of human traits.

What then was the pathway that led Dr. Charlie from 
humble beginnings to leaving an enduring legacy on what is 
today the largest, integrated, not-for-profit, private multispe-
cialty medical practice in the world?

Dr. Charlie in scrubs
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Charles Horace Mayo (CHM) was born in Rochester, 
Minnesota, in 1865 and died in Chicago, Illinois, in 1939. 
He was the younger son of Dr. William Worrall Mayo (Dr. 
WW) and Louise Abigail Wright Mayo. Dr. WW, who had 
emigrated from Manchester, England, in 1846, opened a 
solo medical practice in Rochester, Minnesota, in Janu-
ary of 1864. He was subsequently joined in practice by his 
eldest son William in 1883. The seed of Mayo Clinic was 
germinating.

CHM graduated with his medical degree from the Chi-
cago Medical College in 1888 after 3 years of study before 
joining his father and brother in practice (Fig. 1).

An act of nature and the love of brothers are both note-
worthy and significant. In 1883, a tornado devastated the 
town of Rochester. The Franciscan nuns and the Mayos came 
together in response to this tragedy with the Sisters funding 
construction of a hospital (Saint Mary’s) and the Mayos pro-
viding medical and surgical care for its patients. The hospital 
was finished as Charlie graduated medical school. What an 
alignment of the cosmos!

The lifelong relationship between Charlie and Will was 
unique. Each brother, without exception, spoke of their ac-
complishments in terms of “my brother and I”—a phrase 
which was frequently the opening salvo of a scientific pre-
sentation or a public address. When called into consultation 
on a complex patient, each would independently request 
that the medical team have the other brother see the patient 
as well. They practiced the philosophy that “no man is big 
enough to be independent of others” and, in doing so, in a 
collegial fashion led to the inner core of the Mayo Clinic, 
then and now, which is: “the needs of the patient come first” 
and that “the best interest of the patient is the only interest 
to be considered.” It is not a surprise that both brothers died 
within months of each other in 1939. Dr. Charlie succumbed 
to pneumonia—he was 73 years young (Fig. 2). In 1937, 

Dr. Will reflected on this unique brotherly bond. “When our 
opportunity came, we were prepared. We had travelled, ob-
served, and applied. And because of this we were able to do 
all sorts of surgery, and do it better than many of the older 
surgeons of wider operative experience. We were successful 
because we were two men who loved each other and had 
absolute confidence in each other, who lived out of the same 
purse, who were anxious to do what we could, who came into 
activity at just the right time in the development of medicine 
and surgery. My brother was quiet, studious, and friendly, 
interested in people and was the most loveable man I have 
ever known. He never gave me a cross word and I needed it 
often, because when I got my eye on the ball, I went ahead, 
regardless. The whole point was that I was the cavalry lead-
er, Charlie brought up the infantry and when he got there, the 
big guns began to roar. If I did not already have the enemy on 
the retreat, he soon did. Charlie is truly a gentle man, salt and 
pepper, but never mustard. He has never desired to develop 
what would rebound especially to his own credit. He had, I 
think, the least self-glorification of any man I know who had 
accomplished great things.”

It is worthy of reflection to consider just what it was that 
led from such a minute, embryonic beginning, to an institu-
tion that has today an annual budget of US$ 8.8 billion dol-
lars, sees more than a million patients annually, does 500 + 
operations daily, and employs 4100 physicians-scientists 
as well as 53,600 allied personnel. And amazingly, each of 
these health-care professionals know about Dr. Charlie and 
Dr. Will and continue to carry out their original ideals to the 
betterment of mankind.

Drs. Pasieka and Lee have been insightful in suggest-
ing “a couple of words” about Charles Mayo following this 
chapter. They felt that this commentary would be incomplete 
if the brief story of Dr. Charlie and Sister Mary Joachim was 
not told. It is the story of the first successful resection of a 

Fig. 2  Brothers Will ( left) and Charlie

 

Fig. 1  Drs Will, WW, and Charlie
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pheochromocytoma which was not diagnosed prior to resec-
tion, in North America.

Sister Joachim was a 30-year-old nun from Chatham in 
Ontario, Canada, who was referred to the Mayo Clinic in 
June of 1926 by Dr. J. H. Duncan because of “spells” that he 
felt were due to an “incompetent liver.” She was hospitalized 
in Saint Mary’s Hospital “for observation of spells” for a full 
5 months! During observation of her many spells, she was 
tremulous, perspired profusely, and had blood pressures that 
ranged from 100/70 to 280/190 mmHg. An excretory uro-
gram suggested the presence of a left juxta-renal mass. Dr. 
Charlie was called in consultation. He felt that she was most 
likely functional but there was a possibility that the mass 
might be “secreting toxins” which were “affecting the sym-
pathetic.” He recommended resection.

Resection was performed on October 11, 1926, under 
open-drop mask ether and ethylene. No intravenous or cen-
tral lines were placed, and she had no urinary catheter. The 
operation, skin to skin, lasted 56 min. The tumor was enucle-
ated with no vascular ligation taking place. Blood loss was 
severe with a large pack being left in place in an attempt to 
control the bleeding. Dr. Charlie thought that the mass was 
an “enormous enlargement of the ganglion which rested on 
the renal vessels.” When he bisected the enucleated mass, he 
commented that “it resembled brain tissue.”

Mary Joachim’s only “stimulants” during her precari-
ous recovery were coffee enemas which sustained her blood 
pressure at 90 mmHg systolic! She miraculously rallied and 
left for Chatham on December 13—almost 6 months after 
her admission.

Dr. Charlie had a long-standing friendship with Dr. Har-
vey Cushing at the Peter Bent Brigham Hospital in Boston, 
Massachusetts. They exchanged correspondence about Mary 
Joachim with Dr. Cushing being intrigued by her paroxys-
mal hypertension. He pondered to Dr. Charlie: “Should the 
growth have recurred, one would naturally expect a recur-
rence of her former symptoms of hypertension. I am puz-
zling my mind over some hypertensions now under observa-
tion here.”

After her return to Canada, she led a productive life as 
a nun who loved to teach music. She died of a myocardial 
infarct in 1944, 18 years after her operation by Dr. Charlie.

Medicine gives only to those who give, but her reward for those 
who serve is finer than much fine gold. 1926–CHM

Dr. Charlie was a shining example of just such a man.

References

1. Olsen KD, Dacy MD. Mayo Clinic—150 years of serving humanity 
through hope and healing. Mayo Clin Proc. 2014:89(1):8–15.

2. Berry LL, Seltman KD. Management lessons from Mayo Clinic: 
inside one of the world’s most admired service organizations. New 
York: McGraw Hill; 2008.

3. Mayo CH. Tomorrow’s education seen by Dr. Mayo. In: Northwest-
ern University Alumni News vol. 10. Evanston: Northwestern Uni-
versity; 1931.

4. Clapsattle H. The doctors Mayo. 1st ed. Minneapolis: University of 
Minnesota Press; 1941.

5. Mayo CH. When does disease begin? Can this be determined by 
health examination? Minn Med. 1932;15(1):40–42.



247

Arthur M. Shipley

1878–1955

Minerva Angélica Romero Arenas, Jon A. van Heerden  
and Nancy Dugal Perrier

J. L. Pasieka, J. A. Lee (eds.), Surgical Endocrinopathies, DOI 10.1007/978-3-319-13662-2_40,
© Springer International Publishing Switzerland 2015

N. Dugal Perrier ()
Surgical Oncology, MD Anderson Cancer Center, The University  
of Texas, 1400 Pressler Dr., Unit 1484, Houston, TX 77030, USA
e-mail: NPerrier@mdanderson.org

M. A. Romero Arenas
Surgery, Sinai Hospital of Baltimore, Baltimore, MD, USA

J. A. van Heerden
General Surgery, Medical University of South Carolina, Charleston, 
SC, USA

Introduction

Dr. Arthur M. Shipley was a renowned American surgeon 
and native Marylander. In 1911, Dr. Shipley was appointed 
chairman of surgery at the University of Maryland in Balti-
more. He was a wartime surgeon and published 80 diverse 
manuscripts ranging from femoral fractures to dehisced ab-
dominal incisions. Of historical significance is the fact that 
Dr. Shipley resected the first preoperatively diagnosed pheo-
chromocytoma on June 27, 1928. He was well known by 
his contemporaries as a clinician with compulsive attention 
to detail and in-depth knowledge of the medical and surgi-
cal literature. Dr. Shipley was elected to membership in the 

Southern Surgical Association in 1927, and in 1943 served 
as vice president of the American Surgical Association. He 
remained at the University of Maryland School of Medicine 
until his retirement in 1948 (Fig. 1).

Background

Dr. Shipley was a fifth-generation member of the Shipley 
family and was born in Maryland in 1878 to Roderick O. and 
Wilhelmina Clark Shipley. As a student at the University of 
Maryland School of Medicine, Dr. Shipley maintained a bril-
liant scholastic record and was recognized as a man of great 
potential. He graduated in 1902 serving important adminis-
trative hospital duties as a senior resident. During the First 
World War (1917–1919), Dr. Shipley was chief of surgical 
services at the 8th American Evacuation Hospital in Juilly, 
France [1]. This position afforded him the opportunity to see 
many soldiers with infected and nonhealing wounds. In this 
regard, he wrote, “These wounds were all heavily infected. 
The streptococci exist in various strains, some are more vi-
cious than others and have an uncanny ability to break down 
the local defenses of the body. The time (for aggressive early 
treatment) factor was most important” [2].

In 1911, at the early age of 33 years, he became professor 
of surgery and chief of the surgical service at the University 
of Maryland (1911). This position provided an opportunity 
for the exercise and development of his gifts as a teacher and 
organizer. He was widely recognized as one of the outstand-
ing teachers of clinical surgery in the USA, with a broad base 
of knowledge, expert organization, and a forceful and stimu-
lating method of presentation.

Endocrine Surgery

Dr. Charles Mayo is credited with resecting the first pheo-
chromocytoma in the USA. This resection was performed 
in 1926 on the now famous patient, Sister Joachim. That it 
was a pheochromocytoma was, however, determined only 
by the final postoperative pathologic determination of the 
specimen [3]. The honor of resecting the first preoperatively 

Portrait of Dr. Arthur M. Shipley. (Reproduction by Mark Teske, 
professional photographer at University of Maryland School of 
Medicine)
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diagnosed pheochromocytoma belongs clearly to Dr. Shi-
pley. In 1928, Dr. Shipley was called in consultation on a 
patient by the chairman of medicine in Baltimore, Dr. Mau-
rice C. Pincoffs. The patient was a 26-year-old woman with 
worsening “attacks with palpitation of the heart” over a 10-
year period. In addition to what would now be considered 
classical, paroxysmal hypertensive attacks, the patient had 
a positive family history. Interestingly, her sister had a supe-
rior mediastinal mass “which interfered with breathing and 
caused distention of the neck vessels.” Physical examination 
of the patient revealed nothing remarkable at rest; however, 
during the attacks, her blood pressure rose from 120/90 to 
219/110 mmHg and she was observed to have facial flush-
ing, tremulous hands, tachycardia, and hyperpnoea. A preop-
erative diagnosis of a medullary tumor of the adrenal gland 
was made by Doctor Pincoffs. Because cross-sectional imag-
ing and biochemical profiles were not available until the next 
decade, Shipley had no information about the characteristics 
of the suspected mass, or of its laterality. Dr. Shipley pon-
dered: “The thing that immediately concerned us was to de-
termine which gland was involved.” Undaunted, Dr. Shipley 
planned an elective exploratory operation on June 14, 1928.

The peritoneal cavity was entered via a high left rectus 
incision and the retroperitoneum and perirenal area were 
carefully explored and it was determined that no tumor was 
present on the left side. The right side of the abdomen was 
then palpated and a large mass was felt above the kidney. “It 
could not be reached through the left rectus incision and so it 
was decided to close the abdomen and wait until healing had 
taken place and then to approach the tumor through a differ-
ent incision.” Thirteen days later, the patient underwent the 
planned reoperation.

After mobilizing the right colon, the tumor was visual-
ized. “It was smooth, almost as large as the patient’s kidney 
and lay immediately above and in contact with the kidney 
and was tucked up close to the undersurface of the liver; lat-
erally it lay against the posterior abdominal wall and medi-
ally it was abutting the inferior vena cava for several inch-
es.” Shipley described the tumor as being firm, smooth, and 
surrounded by areolar tissue containing numerous vessels 
(Fig. 2). Multiple clamps were “applied wherever veins were 
visible” and hemorrhage was noted below the tumor and be-
tween the tumor and kidney. Shipley noted the direct return 
of venous blood to the inferior vena cava, and that “consid-
erable difficulty was encountered in finding room enough 
between the tumor and the vena cava to apply clamps.” Once 
removed, “some bleeding in this area and a good deal of 
anxiety was felt in controlling it, as it was feared that the 
vena cava would be torn”. Altogether, the patient lost about 
8 oz. of blood.

During the operation, Dr. Pincoffs maintained a careful 
record of the patient’s blood pressure. Shipley wrote, “The 
patient’s blood pressure varied sharply during the operation 
and she was infused on the table with normal salt solution.” 
“The patient left the table badly shocked and her blood pres-
sure remained very low for hours after the operation. Her 
condition during this time was critical,” he writes. By the 
first postoperative day, the patient’s condition markedly 
improved and she was reported to be free from attacks at 
10 months following the operation. Her only complication 
was a thrombophlebitis of a leg that responded to treat-
ment within a few days. Pathology found an encapsulated 
tumor of the adrenal medulla weighing 115 g and measur-
ing 9 × 7 × 3.5 cm. Gross examination revealed hemorrhage. 
On microscopic evaluation, the tumor tissue was positive on 
chromaffin staining and was diagnosed as a paraganglioma.

This event generated a publication in the Annals of Sur-
gery in November 1929 entitled, “Paroxysmal Hypertension 
Associated with Tumor of the Suprarenal” (Fig. 3) [4]. Only 
30 cases of medullary tumors had been reported in the litera-
ture at that time. Dr. Shipley noted, “No one has proven, up 
to the present that an increase of epinephrine is found in the 
blood of patients with hypertension.” “The clinical aspects 

Fig. 2  Illustration of the resected specimen (from Dr. Shipley’s 1929 
manuscript). (Courtesy of UAB Archives, University of Alabama at 
Birmingham)

 

Fig. 1 Dr. Arthur M. Shipley and other prominent surgeons at the old 
Baltimore City Hospital (now Johns Hopkins Bayview), 1913—from 
left to right, Thomas Boggs, William Osler, Thomas B. Futcher, and 
Shipley
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of the patient’s case were described as those not resembling 
any type of paroxysmal hypertension previously seen.” It is 
noteworthy that Dr. George Crile, of Cleveland, Ohio, was 
in the audience and urged caution in proclaiming an effect 
of the tumor on the patient’s blood pressure. Describing his 
own experience of 12 cases, Crile was noted to be “uncon-
vinced that he produced any results” since the patients’ blood 
pressures would run an irregular course postoperatively.

Legacy

The inaugural publication of Reflexions by the senior class 
of the School of Medicine and Nursing was dedicated to Dr. 
Shipley in 1946. The dedication text reads: To Arthur Mar-
riott Shipley, surgeon, student, teacher and gentleman this 
first edition of Reflexions is dedicated as an expression of the 
admiration and esteem held for him by those of us who have 
come under his influence. May we in the days ahead pause 
to remember the sincerity of the efforts and wisdom of the 
teachings of the man known affectionately as “King Arthur.”

Dr. Arthur M. Shipley retired from the University of 
Maryland in 1948 and died 7 years later in 1955 at the age of 
77 years. In paying tribute, Dr. Stone wrote, “To the medical 
world and to younger men in the profession, his death meant 
the passing of a prominent figure. To those close to him, it 
meant the loss of a desired example and of a beloved friend.” 
To the current endocrine surgeon, his death meant the pass-
ing of a giant who epitomized the most sound of clinical and 
surgical judgment. Today, an accurate preoperative endo-
crine diagnosis and tumor localization is a daily given. The 
courage and surgical fortitude to blindly explore a patient 
with a pheochromocytoma is worthy of wondrous contem-
plation and admiration.
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Emil Zuckerkandl was born on September 1, 1849, in Gyӧr, 
Hungary, and died on May 28, 1910, in Vienna. He was a 
professor and anatomist whose name is well known to endo-
crine surgeons for his description of two important anatomi-
cal entities: the “tubercle of Zuckerkandl” in the neck and 
the “organ of Zuckerkandl” in the abdomen.

Zuckerkandl studied medicine at the University of Vienna 
in 1867, completing his degree in 1874. His younger brother, 
Otto, also studied medicine and went on to become a profes-
sor and urologist in Vienna. Emil was an exceptionally able 
student who so impressed his anatomy teacher, Joseph Hyrtl, 
at the Vienna School of Anatomy, that he was appointed as a 
demonstrator in anatomy, and later sent to the University of 
Utrecht in Amsterdam as a prosector. In 1873, he returned to 
Vienna to work with Langer at the Vienna School of Anato-
my, the world’s leading anatomy center for over half a cen-
tury [1]. Following the death of Langer in 1888, he assumed 

the chair of descriptive and topographic anatomy in Vienna. 
In 1905, Zuckerkandl edited Heitzmann’s Atlas of Descrip-
tive Anatomy of Man, with over 600 illustrations. As profes-
sor, he was noted for his observational powers and critical 
appraisal. He made significant contributions to normal and 
pathological anatomy and was known to anatomists and 
surgeons from around the world as the most indefatigable 
worker. He published over 160 papers, although the writer 
of his obituary, published in The Lancet in 1910, did note 
that he was “a patient and diligent worker, too ready to pub-
lish perhaps, and somewhat urgent and short-sighted in his 
claims for priority” [2].

The organ of Zuckerkandl (Fig. 1) was described by 
Zuckerkandl in 1901 [3] and comprises a collection of 
chromaffin cells located between the origin of the inferior 
mesenteric artery and the aortic bifurcation. It is thought to 
have a physiologic function in early gestation in relation to 
blood pressure control; however, it regresses late in the third 
trimester. Its importance to endocrine surgeons arises from 
its propensity to be a site in which extra-adrenal pheochro-
mocytoma may develop.

The subsequent year, in 1902, he published his descrip-
tion of the tubercle of Zuckerkandl [4]. Prior to this, he had 
in fact described aspects of thyroid anatomy during his dis-
sections of the oral cavity, noting in 1878 the presence of 
“glandular masses with the structure of thyroid, embedded in 
the tongue above the hyoid” (presumably a lingual thyroid). 
In his drawings of the tubercle of Zuckerkandl (Fig. 2), a 
clear appreciation of the relationship between a posterolater-
al projection of thyroid tissue immediately lying adjacent to 
the normal position of the superior parathyroid gland can be 
seen. Although its clinical significance was almost certainly 
appreciated by Zuckerkandl at the time, knowledge of the 
structure was lost to endocrine surgeons until “rediscovered” 
decades later [5]. The tubercle of Zuckerkandl is now con-
sidered to be the key to understanding the surgical anatomy 
of the thyroid and parathyroid glands [6]. The vascular rela-
tionship of the tubercle of Zuckerkandl to the superior para-
thyroid gland and the terminal part of the recurrent laryngeal 

Emil Zuckerkandl. (Circa 1890, author unknown, public domain)
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is critical to safe thyroid lobectomy, [7] while failure to ap-
preciate nodular change within the tubercle of Zuckerkandl 
(Fig. 3) is a common cause of recurrent disease after total 
thyroidectomy [8].

In fact, Zuckerkandl’s name is associated with consid-
erably more eponymous anatomical structures than just 
those two structures hitherto described which are of prima-
ry interest to endocrine surgeons. There are at least seven 
anatomical structures that bear his name. In addition to the 
organ of Zuckerkandl and the tubercle of Zuckerkandl, Emil 
also described: the concha of Zuckerkandl—a rarely found 
small nasal concha situated above the supreme nasal con-
cha; Zuckerkandl’s dehiscence—small gaps occasionally 
seen in the layers of the ethmoid bone; Zuckerkandl’s gyrus 
(Zuckerkandl’s convolution)—the thin sheet of gray/white 

substance in front of, and ventral to, the genu of the corpus 
callosum; Zuckerkandl’s fascia—the posterior layer of the 
renal fascia; and the suprapleural membrane of Zuckerkandl 
and Sebileau—a thickening of connective tissue covering 
the lung apex [1].

While this list of structures is at first sight seemingly ran-
dom, there was a clear link throughout his research career 
leading him to uncover and describe each in turn. That life-
time link was carefully outlined by the anonymous author of 
his obituary in The Lancet [2] in which is described how the 
many different lines of research all began from his very first 
observation, made at the age of 26 when he was an acting 
prosector at the School of Anatomy in Vienna. At that point 
in time, very early in his career, Zuckerkandl obtained a col-
lection of human cranial specimens brought home from an 
expedition of the Austrian ship Novara. He compared these 
skulls to the collection of over 300 crania already held in the 
department and published a monograph entitled Morphology 
of the Facial Skeleton in 1877. In this, he determined that 
the shape and structure of the nasal cavities were the deter-
mining factor of cranial shape, leading to further extensive 
research into the structure and function of the nasal cavity 
and respiratory tract. In subsequent publications, includ-
ing Comparative Anatomy of the Nasal Cavities and Anat-
omy and Diseases of the Nose, he described the concha of 
Zuckerkandl (one of the nasal conchae) and Zuckerkandl’s 
dehiscence in the ethmoid bone. When he was appointed to 
the chair of anatomy in Vienna, his research on the nose led 
him to investigate adjacent regions of the body, with the aim 
of understanding the incidence and pathogenesis of diseases 
of the nasopharynx, laryngopharynx, and neck. Over ensuing 
years, he undertook further research on adjacent anatomical 
structures including the thyroid, thymus, trachea, and airways 

Fig. 2  Zuckerkandl’s drawing 
of the tubercle demonstrating the 
clear relationship with the supe-
rior parathyroid glands. ([4])

 

Fig. 1  Zuckerkandl’s drawing of the “organ of Zuckerkandl.” (Public 
domain, [3])
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(during which he described the suprapleural membrane of 
Zuckerkandl and Sebileau). Following on from his research 
interest in the nasal cavities, Zuckerkandl also began inves-
tigating the anatomy of the brain, with a view to locating 
the center for smell and in 1900 he published a paper on the 
olfactory center. His study of the brain led to the description 
of Zuckerkandl’s gyrus, also known as Zuckerkandl’s convo-
lution, ventral to the corpus callosum. His study of the brain 
and the intricacy of its arterial supply was also responsible 
for his other principal research interest, namely the arterial 
system. He published further monographs on the anatomy 
and development of the arteries of the forearm before turning 
his attention to the pelvis and lower limb with the publica-
tion of Morphology of the Arteries of the Extremities in 1907. 
It was this research that led him to observe and separately 
describe the organ of Zuckerkandl, extraadrenal chromaf-
fin tissue at the aortic bifurcation, and Zuckerkandl’s fascia, 
posterior to the kidney.

Zuckerkandl was also one of those famous men of sci-
ence who is remembered as much for his wife, Berta Zucker-
kandl-Szeps, as for his own scientific contributions. Berta 
was one of the most remarkable personalities of the intellec-
tual Jewish society in Vienna during the last decades of the 
Austro-Hungarian Empire. She was the daughter of the edi-
tor of Vienna’s leading morning newspaper Morgenpost and 

the sister-in-law of the French Prime Minister Clemenceau, 
and after her marriage to Emil, she went on to become a re-
nowned journalist in her own right. Their house became the 
meeting point for the avant-garde in arts and science, includ-
ing Auguste Rodin (sculptor), Gustav Mahler (composer), 
Gustav Klimt (painter), Otto Wagner (architect), Hermann 
Bahr (writer), and Arthur Schnitzler (playwright) [1].

Emil Zuckerkandl was clearly a great man of science 
in the tradition of his time. Shoja [1] comments that Emil 
Zuckerkandl left a tremendous legacy regarding anatomical 
knowledge and was credited with the statement that “anato-
my is the war map for the operations of the physician.” De-
spite having as his major interest the study of human anat-
omy and morphology rather than being engaged in clinical 
practice, he never lost sight of the fundamental principle un-
derlying medical research. The final paragraph of his obitu-
ary [2] commends the deceased Zuckerkandl for “keeping 
steadfastly in mind that the medical man studies the human 
body with the object of understanding and curing disease.” 
As such, he endeavored to make the study of anatomy “sub-
servient” to clinical practice and is credited with being the 
father of clinical anatomy [1].
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Historical Background

Paul Langerhans discovered and described pancreatic islet 
cells while he was still a medical student in 1869 [1]. It was 
not until 1922 that insulin was successfully extracted from 
canine pancreatic tissue by the works of Banting and Best 
[1]. A year later, Banting et al. described symptoms of hypo-
glycemia from insulin excess [3]. That same year, Harris dis-
cussed the possibility of hyperinsulinism as a disease process 
[4]. In 1927, Charles Mayo described a case of hyperinsulin-
ism from a pancreatic tumor [4]. Graham performed the first 
successful surgical resection of an insulinoma, which was 
reported in 1929 [4]. In 1935, Whipple and Frantz described 
the diagnostic triad that defines insulinoma [4].

Epidemiology

Insulinomas are the most common functioning neuroen-
docrine tumors of the pancreas. However, they are rare tu-
mors with an incidence of approximately one to four per 
million population. There have been some autopsy studies 
showing a higher incidence, consisting of 0.8–10 % of the 
population [5].

Insulinomas can occur at any age with a mean around 50 
years and are slightly more predominant in females [6]. The 
majority of these tumors are benign, solitary, and relatively 
small in size (< 2 cm). Most are located in the pancreas with 
an even distribution throughout the pancreatic head, body, 
and tail. Extrapancretic occurrences are rare, reported to be 
less than 2 %, and these are mainly found in the duodenal 
wall [7].

The majority of insulinomas are sporadic; however, 
5–10 % are associated with multiple endocrine neoplasia 
type 1 (MEN-1) syndrome. Also known as Wermer’s syn-
drome, MEN-1 is an autosomal dominant disorder with a 
mutation in the menin gene on chromosome 11q13 [8, 9]. 
The syndrome consists of parathyroid hyperplasia, anterior 
pituitary adenomas, and tumors of the endocrine pancreas 
and duodenum. Insulinomas associated with MEN-1 devel-
op earlier in life and are frequently multicentric, with higher 
risk of recurrence (21 % at 10 and 20 years) compared to 
patients without MEN-1 (5 % at 10 years, 7 % at 20 years) 
[6]. Malignant insulinomas are characterized by local inva-
sion into surrounding soft tissue or metastasis to liver, lymph 
nodes, bone, and peritoneum, occurring in 5–15 % of cases 
[10, 11].

Anatomy and Physiology

Normal blood glucose levels are closely regulated between 
60 and 100 mg/dL in a negative feedback system [12]. The 
consumption of food increases blood glucose levels, which, 
in turn, stimulates insulin production. The reverse is true 
when blood glucose levels are low. Insulin production de-
creases in response to low blood glucose levels. Insulinomas 
are characterized by intermittent insulin secretion by tumor 
cells even during times of low glucose, leading to episodes of 
symptomatic fasting hypoglycemia [7]. In patients with insu-
linoma, insulin production by normal beta cells is suppressed.

At the cellular level, rodent models have allowed the dis-
covery of the mechanisms of insulin secretion and its regu-
lation. Elevated levels of glucose induce glycolysis and the 
citrate cycle, increasing the ratio of intracellular adenosine 
triphosphate (ATP) to adenosine diphosphate (ADP),  leading 
to closure of ATP-sensitive potassium channels [13, 14]. 
Plasma membrane depolarization opens voltage-dependent 
calcium channels, resulting in action potentials and calcium 
influx into the cell, triggering calcium-dependent exocytosis 
of insulin granules [13, 14]. There are important variations 
in humans, including involvement of voltage-gated sodium 
channels in the process [13, 14].
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Clinical Presentation

Patients present with episodes of hypoglycemia with associ-
ated symptoms. The diagnosis of insulinoma, although rare, 
should be considered in the differential for fasting hypogly-
cemia in an otherwise healthy patient. Patients can present 
with an array of symptoms categorized into adrenergic and 
neuroglycopenic symptoms. Adrenergic symptoms caused 
by catecholamine secretion consist of anxiety, diaphoresis, 
tremors, palpitations, and hunger [15, 16]. Many of these 
patients gain weight resulting in obesity due to the frequent 
meals and snacks they consume to relieve hypoglycemic 
symptoms. Neuroglycopenic symptoms are caused by the 
low glucose supply to the nervous system and may consist of 
headache, dizziness, confusion, behavioral changes, person-
ality changes, visual disturbances, amnesia, and in rare cases 
seizures and coma (Table 1) [15, 16].

These symptoms present in the fasting state and can 
become evident following physical exertion. They nor-
mally occur at plasma glucose levels less than 50 mg/dL, 
and central nervous system (CNS) symptoms mainly pres-
ent at plasma glucose levels less than 45 mg/dL [5]. Some 
patients may not manifest significant symptoms even with 
significant hypoglycemia, which is termed hypoglycemic 
unawareness, when the CNS adapts to frequent episodes 
of hypoglycemia [17].

Diagnosis

Patients often present with bizarre symptoms not unique to 
hypoglycemia. These patients are often falsely diagnosed 
with psychiatric or neurologic disorders, resulting in a delay 
in diagnosis of insulinoma. The mean duration to diagnosis 
has been reported to range from several months to even more 
than several decades. One study reported a median of 18 

months (range 1–240 months) to diagnosis [18]. In another 
study, the mean duration was noted to be 3.8 years ranging 
from 1 h (in a newborn) to 34 years [19].

The classic diagnosis is achieved by the presence of 
Whipple’s triad:

1. Fasting hypoglycemia (plasma glucose < 50 mg/dL)
2. Neuroglycopenic symptoms
3. Relief of symptoms after administration of glucose

The normal negative feedback mechanism is altered in pa-
tients with insulinoma. Insulin production is not dependent 
on the blood glucose level and continues during periods of 
low blood glucose levels. The biochemical diagnosis is ob-
tained by measuring elevated insulin in the presence of hypo-
glycemia. The gold standard biochemical diagnosis consists 
of the 72-h fast requiring hospitalization with measurement 
of plasma glucose, insulin, C-peptide, and proinsulin. It is 
able to detect 99 % of insulinomas [20].

The patient is admitted for a monitored fast. During the 
fasting period, the patient is allowed to drink calorie-free flu-
ids and is encouraged to ambulate. Blood glucose is initially 
measured every 6 h [21, 22]. Once the plasma glucose level 
reaches less than 60 mg/dL, measurements are taken every 
1–2 h [21, 22]. When the glucose level reaches 40–45 mg/dL 
with the presence of symptoms, blood is drawn to measure 
glucose, insulin, C-peptide, β-hydroxybutyrate, and sulfo-
nylurea [21, 22]. The fast is then terminated. The presence 
of low glucose (≤ 40 mg/dL), high insulin (≥ 6 μU/L), ele-
vated C-peptide (≥ 200 pmol/L), and absence of sulfonylurea 
in toxicology exam are all defining features of insulinoma 
[23]. Level of proinsulin ≥ 5 pmol/L and β-hydroxybutyrate 
levels ≤ 2.7 mmol/L are also measurements that can guide 
diagnosis [23].

Proinsulin is a precursor to endogenous insulin, which 
undergoes enzymatic cleavage into insulin and C-peptide 
[22]. With surreptitious insulin use or oral hypoglycemia, 
the proinsulin level would be normal or decreased, allowing 
the test to distinguish other conditions causing fasting hy-
poglycemia [24]. Factitious hypoglycemia due to exogenous 
insulin would also result in low C-peptide levels [24].

After completion of the test, some centers adminis-
ter 1 mg of intravenous glucagon and take measurements 
of plasma glucose levels after 10, 20, and 30 min to mea-
sure the response of beta-hydroxybutyrate and glucose, 
which increases the sensitivity of the test [25]. Insulin is an 
 antiketogenic and glycogenic agent; therefore, low levels of 
beta-hydroxybutyrate ≤ 2.7 mmol/L at time of hypoglyce-
mia or increase in plasma glucose > 25 mg/dL within 30 min 
of the glucagon bolus can be used as surrogate markers of 
 hyperinsulinemia [22].

Table 1  Characteristic symptoms of insulinoma and frequencies. 
(Data from [18])
Adrenergic symptoms Palpitations (5 %)

Diaphoresis (30 %)
Anxiety (12 %)
Tremors (12 %)
Hyperphagia/obesity (44 %)

Neuroglycopenic symptoms Visual changes/diplopia (42 %)
Confusion/altered mental status (67 %)
Amnesia (8 %)
Abnormal behavior (16 %)
Lethargy/weakness/fatigue (28 %)
Headache (7 %)
Seizures (16 %)
Coma
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In more recent years, a 48-h fast has been suggested to 
replace the traditional 72-h fast with the diagnosis of insuli-
noma achieved in 90–97 % of patients [26].

Outpatient fast protocols have also been developed [25]. 
Patients are instructed to start the fast at home overnight, and 
the office visit is timed for when the usual hypoglycemic 
symptoms occur. If the glucose level does not drop during the 
visit, the patient is admitted for continued fast as an  inpatient.

Differential Diagnosis

Hypoglycemia can be caused by diabetes mellitus, sepsis, 
drugs, critical illness, renal/hepatic failure, and hypocorti-
solism. Hypoglycemia in healthy-appearing patients can also 
be caused by noninsulinoma pancreatogenous hypoglycemia 
syndrome (NIPHS), factitious hypoglycemia, strenuous ex-
ercise, and ketotic hypoglycemia. NIPHS is an endogenous 
hyperinsulinism not caused by a functional tumor [25]. Dif-
fuse islet cell hyperplasia/nesidioblastosis can also cause 
exaggerated insulin response to glucose ingestion. These 
conditions present with postprandial hypoglycemia 1–4 h 
after meals, with similar symptoms as insulinomas, but with 
different timing and pathology [12]. Autoimmune hypogly-
cemia which consists of elevated insulin due to anti-insulin 
antibodies or anti-insulin receptor antibodies can also be part 
of the differential diagnosis [27].

Localization

Preoperative localization of insulinomas is important in de-
termining the surgical approach and the amount of resection 
needed as well as in decreasing the operation time. The fail-
ure rate of preoperative localization is reported to be around 
10–27 % [28]. Some suggest that preoperative localization 
is not necessary because they are successfully localized in-
traoperatively, but the need for imaging still exists to rule 
out metastatic disease and to decide on the extent and type 
operation [29, 30].

Several methods of noninvasive imaging are utilized with 
varying sensitivities and advantages. Transabdominal ultra-
sound is an easily accessible, cost-efficient modality with-
out exposure to radiation, but it is highly operator dependent 
and limited by the patient’s body habitus. Obesity, which is 
a common characteristic of insulinoma patients, decreases 
its effectiveness. Resolution is also often limited by the 
 presence of bowel gas overlying the pancreas [25]. However, 
when used appropriately, it can be useful in identifying the 
size, location, and relationship of the tumor to surrounding 
structures. Sensitivity ranges from 9 to 67 % and therefore 
can be used as a preliminary study, but most patients undergo 
other imaging modalities [8].

On dual-phase computed tomography (CT), insulinomas 
often appear as a hypervascular, well-defined, round, ho-
mogenous mass with enhancement during the arterial phase. 
Atypical appearances can occur with hypoattenuation, cystic 
mass, and calcification, which is discrete, nodular, and more 
common in malignant tumors [31, 32]. Dynamic CT is espe-
cially useful due to the small size of most insulinomas. The 
location of the tumor, its relationship to surrounding struc-
tures, as well as lymphadenopathy and presence of metas-
tasis can all be evaluated. CTs have the advantage of being 
easily interpreted by the operating surgeon. With the recent 
advances in CT technology, sensitivities have increased [33]. 
The latest multiphase helical CTs can localize 50–80 % of 
insulinomas [24]. Multidetector CTs can visualize 94.4 % of 
insulinomas (Fig. 1) [34].

Magnetic resonance imagings (MRIs) have become a 
superior modality for small insulinomas. They are safe 
and noninvasive, and have the ability to detect metastasis. 
Insulinomas have low signal intensity on T1-weighted im-
ages and high signal intensity on T2-weighted images.

Sensitivity is reported to be 40–95 % [33]. Diffusion-
weighted MRI offers even better imaging. MRIs also have 
the advantage of being more sensitive than CT for liver me-
tastasis (Fig. 2) [24].

Despite the common use of CT and MRI for insulinoma 
localization, there is a significant number of insulinomas 
that are undetectable by these noninvasive means. The sub-
sequent use of some invasive techniques may allow localiza-
tion of these tumors.

Endoscopic ultrasonography (EUS) is an invasive proce-
dure that requires sedation and is operator dependent but has 
high detection rates of 86.6–92.3 % [35]. Sensitivity  varies 
from 37 to 94 % depending on the location of the lesion [8, 
36–39]. Sensitivity is higher in the head of the pancreas 
and lower for the tail and splenic hilum area. Using a high-
frequency transducer (7.5–10 MHz), EUS is able to detect 

Fig. 1  CT of the abdomen. A 
74-year-old female patient with a 
1.8-cm insulinoma in the head of 
the pancreas inferior to ampulla 
of Vater

 

Fig. 2  MRI of the abdomen. A 
49-year-old male patient with  
a 3.6-cm insulinoma in the unci-
nate process
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 lesions as small as 5 mm. Insulinomas have a characteristic 
appearance on EUS: They are homogeneously hypoechoic, 
round and have distinct margins. In young, female patients 
with low body mass index (BMI), tumors can be isoechoic 
and easily missed by EUS [40]. EUS-guided fine-needle 
aspiration (FNA) can also be performed when the appear-
ance of the tumor is unusual to confirm the diagnosis, rais-
ing the sensitivity of the technique. Fritscher-Ravens et al. 
used a 22-gauge needle to obtain adequate tissue in two to 
three passes to diagnose and differentiate neuroendocrine 
tumors from each other as well as from other malignancies 
(Fig. 3) [41].

Angiography and arterial stimulation venous sampling 
was previously one of the major localization methods with 
sensitivity of 87.5–100 %. However, due to its invasive and 
technically demanding nature, and the development of other 
imaging modalities, it is no longer the first-line modality 
[42, 43].

Transhepatic portal-venous sampling (THPVS) requires 
percutaneous and transhepatic catheterization of a branch of 
portal vein. The catheter is then advanced into small veins 
that drain the pancreas. It requires intra-arterial and intra-
venous catheterization. This technique had a localization 
rate of 64–100 % [8]. However, it has now been replaced by 
intra-arterial calcium stimulation with hepatic venous sam-
pling [44, 45].

Intra-arterial calcium stimulation with hepatic venous 
sampling provides additional information. The tumor can 
be localized by its hormonal function allowing develop-
ment of an accurate surgical approach and avoidance of 
reoperation [46]. The accuracy of this technique is around 
94–100 % (17431724) and sensitivity of 77–100 % [8, 42, 
43, 47–49].

The tumor appears as a well-defined, round/oval vascular 
blush, with increased vascularity [25]. It is visualized in the 
early arterial phase and continues through the venous phase. 
The mechanism involves increased calcium in vessels caus-
ing degranulation of cells, releasing insulin into the portal 
venous system, leading to a detectable increase in insulin in 
venous samples obtained from the hepatic vein [50]. Selec-
tive catheterization of splenic (body/tail), gastroduodenal 
(anterosuperior head), superior mesenteric (posteroinferior 

head), and proper hepatic (hepatic mets) arteries is per-
formed with simultaneous venous catheterization of the right 
hepatic vein for obtaining blood samples [25]. Sequentially 
0.025 mEq/kg of calcium gluconate are injected, and blood 
samples are obtained to measure insulin levels from right 
and left hepatic veins prior to and 30, 60, and 120 s after 
calcium infusion [51]. A twofold increase in insulin concen-
tration from baseline localizes the insulinoma to its respec-
tive region. It is important to account for aberrant anatomy 
because localization depends on normal anatomy of the pan-
creatic vasculature.

Unlike other pancreatic neuroendocrine tumors, soma-
tostatin receptor scintigraphy is not helpful for insulinomas. 
The test is positive in only 46 % of benign insulinomas. Not 
all insulinoma cells express somatostatin receptor type 2, 
which explains the low yield of this test. Malignant insulino-
mas can have a higher rate of positive yield [23].

Management

Surgical resection is the primary treatment modality for all 
localized tumors. Surgery has a high success rate with cure 
obtained in more than 90 % of patients [19, 44].

Patients are generally admitted 1 day prior to surgery for 
monitoring of blood glucose. After midnight, the patient is 
maintained on a 10 % dextrose infusion. Some centers pro-
mote the use of diazoxide preoperatively for glucose control. 
Precise intraoperative glucose monitoring is highly impor-
tant. The level of blood glucose is kept above 40–50 mg/dL 
using dextrose boluses if necessary [25]. The open approach 
involves a bilateral subcostal incision and the abdomen is 
first examined for any signs of metastases [25]. An extended 
Kocher maneuver is performed to access the head, and un-
cinate or medial mobilization of the spleen and distal pan-
creas is performed if tumor location is distal. Manual palpa-
tion has a sensitivity of 75–95 % in locating the tumor [52]. 
Intraoperative ultrasound (IOUS) is also used with sensitiv-
ity of 80–100 % (Fig. 4) [53, 54].

The combination of palpation and IOUS allows 83–98 % 
of tumors to be detected [24]. IOUS is useful for defining 
the anatomy—the relationship of the tumor to pancreatic and 
bile ducts as well as the vasculature. Benign, solitary lesions 
are amenable to enucleation, with complete excision of the 
capsule to prevent local recurrence [22]. Usually, a clear dis-
section plane exists between the tumor and the pancreatic 
parenchyma. Even when the tumor is located close to the 
common bile duct (CBD) or pancreatic duct, enucleation can 
be performed in most cases because the tumor usually does 
not invade or constrict the ducts [25]. Enucleation and partial 
pancreatectomy preserve the pancreatic parenchyma and re-
duce the risk of exocrine/endocrine insufficiency [55]. Distal 
pancreatectomy may be required, if the tumor is located deep 

Fig. 3  EUS showing 11-mm insulinoma in the body of pancreas ap-
pearing as a round, hypoechoic lesion with well-defined borders. FNA 
confirmed pancreatic endocrine tumor and patient underwent a laparo-
scopic enucleation of the tumor
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in the tail, and in some rare cases, pancreatoduodenectomy 
may be necessary, if the tumor is located deep in the head 
[18]. Also extended resections may be necessary for multiple 
tumors, large tumors > 4 cm, tumors that are not well encap-
sulated, or those suspicious for malignancy—tumors that are 
hard, infiltrating, or puckering, or have evidence of pancre-
atic duct dilatation, indicating duct involvement and proba-
ble malignancy. In cases of suspected or proven malignancy, 
peripancreatic lymphadenectomy should be performed to 
verify the extent of disease [25]. The open approach may be 
indicated for MEN-1-associated insulinomas, because mul-
tifocal disease and presence of other tumors must be consid-
ered. These tumors may require subtotal pancreatectomy in 
addition to enucleation (Fig. 5) [56, 57].

Once the tumor is removed, blood glucose levels may rap-
idly rise to 120–140 mg/dL. Glucose is administered intrave-
nously for an additional 24 h postoperatively. High glucose 
levels may persist for several days to weeks, and the patient 
may require doses of insulin administration. Blood glucose 
is measured frequently during this period. Normalization of 
glucose levels is observed usually within 2–3 weeks after 
surgery [25].

In cases where the tumor could not be localized intraop-
eratively, blind distal pancreatectomy was performed histori-
cally. However, this approach has been abandoned due to a 
low success rate. Since there is equal distribution of insulin-
omas throughout the pancreas, a blind distal pancreatectomy 
would only resolve half of the tumors, those located in the 
body and tail. With the current multimodality preoperative 
imaging options as well as improved intraoperative ultra-
sound, blind resections are no longer recommended [58].

Laparoscopic resection of insulinomas was started in 
1996 by Gagner et al. [59]. Others soon followed and there 
are multiple publications regarding the technique, which is 
becoming more and more popular for benign, small insuli-
nomas located in the body or tail of the pancreas. Distal pan-
createctomy can be performed with electrocautery or other 
endoscopic sealing device [25]. Preoperative localization is 
even more important in these cases because intraoperative 
palpation is not performed. Laparoscopic IOUS can now 
identify > 85 % of tumors. Laparoscopic resection has a suc-
cess rate of 70–100 % and is valued for its shorter duration of 
stay and faster recovery of patients [24, 60, 61].

Postoperative complications include pancreatic leaks that 
can present as fistulas or intra-abdominal collections, which 
are self-limited and most can be treated conservatively. Fis-
tula rates have been reported to be around 15–43 % [24, 
62–64].

Abscesses requiring percutaneous drainage consist about 
4–6 % [24]. Delayed gastric emptying occurs in 4–8 % of 
patients and is mainly managed with medical treatment. 
Other possible complications are hemorrhage, pseudocyst, 

Fig. 5  Patient with MEN-1 and multifocal insulinoma. EUS showing 
well-defined 2.1-cm irregular mass in the pancreatic body, numerous 
subcentimeter lesions throughout the rest of the body of the pancreas, 
and single subcentimeter lesion in the tail of the pancreas. Patient un-
derwent a laparoscopic spleen-preserving distal pancreatectomy and 
pathology confirmed multifocal insulinoma

 

Fig. 4  a Intraoperative ultrasound can be performed to localize insuli-
noma. b Ultrasound showing 1.5-cm tumor located in body of pancreas
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 diabetes, and pancreatitis [25]. Up to 40–50 % can present 
with these various complications [25].

Overall morbidity and mortality rates have been reported 
at 10–43 % and 0–4 %, respectively, and laparoscopic rates 
are comparable [8, 60, 61, 65, 66]. More extensive resections 
such as distal pancreatectomy and pancreatoduodenectomy 
indicated for malignant tumors or failed enucleation of mul-
tiple insulinomas have higher complication rates. For distal 
pancreatectomy, pancreatic fistula rates are around 15–40 % 
[5]. The morbidity and mortality rates for pancreatoduode-
nectomy are < 5 and 50 %, respectively [5].

Medical Management

Medical management of insulinoma may be necessary dur-
ing the preoperative period to normalize blood glucose, or 
for patients unable or unwilling to undergo surgery. It can 
be necessary in cases where surgery is contraindicated, for 
example, in patients with diffuse beta-cell disease, mul-
tiple insulinomas, or unresectable malignant insulinoma. It 
involves dietary modification to prevent prolonged periods 
of fasting by eating small frequent meals during the day 
and even at night as well as pharmacologic interventions of 
which diazoxide is the most commonly used. Diazoxide is a 
nondiuretic benzothiadiazine derivative, which was initially 
developed for the treatment of hypertension, but also has 
the ability to induce hyperglycemia [8]. It can be prescribed 
50–300 mg/day and titrated up to 600 mg/day to maintain 
levels of plasma glucose in insulinoma patients [67]. The 
mechanism of diazoxide involves suppression of insulin se-
cretion by directly acting on beta cells via stimulation of al-
pha-adrenergic receptors and enhancing glycogenolysis via 
cyclic adenosine monophosphate phosphodiesterase inhibi-
tion [8, 24]. Diazoxide is effective in approximately 50 % 
patients, with its main side effect being fluid retention and 
hirsutism [68]. All these side effects tend to be mild and well 
tolerated [68].

Octreotide, a somatostatin analog that inhibits insulin se-
cretion, is another pharmacologic agent that has been used in 
the treatment of insulinoma. It has been found to lower plas-
ma insulin and alleviate symptoms in approximately 50 % 
patients [69]. The half-life of this medication is 100 min, and 
a dose of 50 or 100 µg can be administered every 12 h [8].

The most common side effects are pain at the injection 
site and gastrointestinal (GI) disturbance including nausea/
vomiting, heartburn, abdominal pain, constipation, or diar-
rhea [70, 71].

Another alternative way of administration is 50 µg sub-
cutaneous injection two or three times daily, increased to 
1500 µg daily [24]. Octreotide suppresses the release of glu-
cagon and growth hormone, and it can therefore occasionally 
worsen hypoglycemia in some patients [8]. The mean dura-

tion of treatment tolerated is 1 year until patients develop 
tachyphylaxis [24]. Long-term use may also lead to side 
effects such as mild diabetes, cholelithiasis, malabsorption, 
and weight loss [8].

Other medications, such as verapamil, glucocorticoids, 
and phenytoin, have also been used in the treatment of surgi-
cally unresectable insulinomas. However, their effects have 
not been well studied due to the small number of these pa-
tients. Phenytoin can be administered as a maintenance dose 
of 300–600 mg daily and works by inhibiting the release of 
insulin from beta cells [24]. Only one third of patients who 
take this medication benefit from its effects [24]. Glucocorti-
coids and glucagon can be administered alone or simultane-
ously with diazoxide [24].

Malignant Insulinoma

The treatment of malignant insulinoma varies. The World 
Health Organization classification of malignant insulino-
mas involves the presence of metastases, gross invasion into 
surrounding tissue, tumor size, percentage of mitoses, pro-
liferative index, and vascular invasion. Chemotherapy can 
be administered for malignant insulinoma [8]. Studies have 
been performed using streptozocin, doxorubicin, 5-fluo-
rouracil (5-FU), and chlorozotocin. Palliation via primary 
tumor resection, radical debulking surgery, hepatic emboli-
zation, hepatic arterial chemoperfusion, radiofrequency ab-
lation, cryoablation, and ethanol ablation are also treatment 
modalities that have been used in malignant insulinoma pa-
tients [10, 23, 72].

Antitumor agents, such as everolimus, a mammalian tar-
get of rapamycin (mTOR) inhibitor, have also been recently 
studied as an effective treatment for metastatic malignant 
insulinoma and refractory hypoglycemia (Figs. 6 and 7) 
[73, 74].

Prognosis and Follow-Up

Insulinomas are considered cured after complete surgical 
removal of the tumor. Most benign, solitary lesions have a 
cure rate of 89–96 %, and patients with benign disease have 
a normal life span after resection of the tumor. Therefore, no 
special follow-up is required beyond the basic postoperative 
visit [25]. However, when there is a return of hypoglycemic 
signs or symptoms, recurrence, MEN-1, or malignant dis-
ease should be considered and followed up promptly [25].

For patients with malignant insulinomas and MEN-1, 
follow-up is highly important. The need for reoperation is 
more common with metastatic disease, multiple tumors, and 
MEN-1 patients [8]. Danforth et al. have shown that pri-
mary malignant tumors are often single, large with a mean 
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 diameter of 6 cm, median disease-free survival of 5 years, 
and recurrence of 63 % at median 2.8 years after curative 
resection [75]. They have a varied course with up to 35 % of 
patients surviving longer than 5 years. The biology of tumor 
determines survival after resection. Malignant insulinomas, 
which are often slow-growing and symptomatic, have a bet-
ter prognosis than adenocarcinomas. The 10-year survival of 
patients with malignant insulinoma is reported to be 29 % 
[10, 72, 73].

Future Studies

Although insulinomas are the most common neuroendocrine 
tumors of the pancreas, there is still much to be discovered, 
most likely due to the rare incidence of the disease. Further 
studies need to be conducted to define the molecular etiol-
ogy of the disease. Localization techniques, which have be-
come essential in planning the surgical resection, are being 
developed and enhanced to raise their sensitivities. The 
laparoscopic approach is becoming more and more common 
in the treatment of insulinomas and has promising results 
thus far. The management of malignant disease is also an 
area to be further studied with the use of continuous glucose 

infusion pumps and molecular-targeted therapies against the 
glucagon-like peptide-1 (GLP-1) receptor.
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On August 27, 1923, the cover of Time magazine featured 
Dr. Fredrick Grant Banting, the man responsible for the dis-
covery of insulin (Fig. 1). He and J. J. R. MacLeod were 
later that year awarded the Nobel Prize in Physiology or 
Medicine. The story of the discovery of insulin is filled with 
controversy, drama, academic bickering, and the excitement 
and reward that come with making an impact in the lives 
of millions of patients suffering from the then fatal disease, 
diabetes. For most, the discovery of insulin is credited to this 
bright young surgeon and the medical student assigned to 
assist him in the laboratory in the summer of 1921, Charles 
Best. Yet the discovery and purification of an insulin extract 
involved a team effort, one shared with J. J. R. McLeod, C. 
H. Best, and J. B. Collip. Fredrick Grant Banting was born on November 14, 1891, 

at the family farmhouse in Alliston, ON, Canada. Banting 
was the son of a rural farmer, William Thompson Banting, 
and his wife Margaret Grant. Fred or Freddie as he was 
called was the youngest of six children. William Banting was 
a hardworking and progressive farmer in the community. He 
diversified the 100-acre farm to raise livestock, fruits, grains, 
and vegetables. The Bantings were considered well-off, and 

Fig. 1  Cover of Time magazine of Fredrick G. Banting, the man re-
sponsible for the discovery of insulin. August 1923. (Courtesy of Ban-
ting House National Historic Site of Canada)

 

Fredrick Grant Banting. (Courtesy of Banting House National Historic 
Site of Canada)
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Fred enjoyed a comfortable boyhood on the farm [1, 2]. He 
was a shy and unsocial boy, who struggled to make passing 
grades in the early years of grammar school. As Fred devel-
oped into a young man, his aspirations beyond middle school 
were set high compared to most rural farm boys. His father 
offered each of his sons a gift when they turned 21 that they 
could use any way they saw fit. The gift consisted of $ 1500, 
a horse, harness, and buggy [1]. Although his older brothers 
all spent their gift helping to establish themselves as farmers, 
Fred spent his on university education.

In 1910, Banting enrolled in general arts at Victoria Col-
lege at the University of Toronto. He failed to successfully 
complete all of his first-year courses (failing French) and 
was denied entrance into the second year. He returned to Vic-
toria College to repeat his first year in 1911 having at some 
point decided on becoming a doctor. Admission into medical 
school required successful completion of first-year univer-
sity. Banting petitioned the university’s senate to be allowed 
to enter medicine in February 1912. His petition was granted 
on the condition he completed his missing arts course during 
his medical school training. Although he struggled to com-
plete the last art course to meet the first year’s requirements, 
his marks in medicine were significantly better. He was con-
sidered slightly above average in his medical school class.

On August 4, 1914, Canada entered the Great War. It was 
the following day that Banting tried to enlist in the army, 
but was refused due to poor eyesight. Following his third 
year in medicine, he tried again and was now accepted in the 
Canadian Army Medical Service. He was soon promoted to 
sergeant, spending the summer of 1915 in a military training 
camp in Niagara Falls, ON. After completion of his fourth 
year, the University of Toronto condensed the fifth year of 
medical school into a special summer session in order to 
speed up the training of the much-needed army doctors. 
Sometime during this period, Banting decided on surgery as 
his specialty. He was fortunate to have trained as a fifth-year 
medical student under C. L. Starr, an orthopedic surgeon at 
Toronto Hospital for Sick Children. Banting’s medical class 
of 1917 finished their final exams in October 1916, gradu-
ated on December 9, and on December 10, 1916, all able-
bodied members of his class reported for military duty [1]. 
He was promoted to lieutenant and left for Britain in March 
1917. Starr, who by then was posted abroad at the Granville 
Canadian Special Hospital in Britain, requested young Ban-
ting be assigned to assist him. Banting worked with Starr 
for the next 18 months before being transferred to France in 
June 1918 [1, 2]. Captain Banting was injured near the front 
lines by a piece of shrapnel to his forearm for which he was 
awarded the Military Cross. Banting was discharged from 
the army in July 1919, returning to Toronto Hospital for Sick 
Children to complete his surgical training [1–3].

Much to Banting’s disappointment upon completing his 
surgical training, he was not given a consulting position in 
Toronto. So in June 1920, he headed for London, ON, to 

start up his own surgical practice [4]. The house on Adelaide 
Street that served as his home and office now houses the 
Banting Museum. Banting became a lecturer at the Univer-
sity of Western while he struggled to establish his surgical 
practice. In November 1920, he was scheduled to give a lec-
ture to the medical students on the function of the pancreas. 
Little was known at that time about the pancreas except that 
it made digestive juices, and when experimentally removed 
from dogs, the symptoms of the metabolic disorder, called 
diabetes, developed.

In preparation for this talk, Banting read the recently 
published article by M. Barron entitled “The Relation of the 
Islets of Langerhans to Diabetes with Special Reference to 
Cases of Pancreatic Lithiasis” [1, 6]. Barron observed that 
blockage of the pancreatic duct resulted in atrophy of the 
acinar cells with preservation of the islets. This observa-
tion along with others supported the hypothesis, put forth 
by many, that some internal secretion from the islets was 
responsible for the prevention of diabetes. In his notebook 
from that night, Banting conceived the idea for his landmark 
experiments writing:

Ligate pancreatic ducts of dogs. Keep dogs alive till acini degen-
erate leaving Islets. Try to isolate the internal secretion of these 
to relieve glycosuria. [1]

Banting was encouraged by several faculty members at West-
ern to consult with a leading expert in carbohydrate metabo-
lism J. J. R. MacLeod, the professor of physiology at the Uni-
versity of Toronto, about his idea. Records indicate that their 
first meeting did not go well. Banting was poorly prepared, 
knowing very little about diabetes or experimental design. 
MacLeod soon realized that Banting was very much a novice 
when it came to research yet recognized that his idea had some 
merit. MacLeod cautioned Banting that success was unlikely, 
as many far more experienced researchers had failed thus far, 
yet negative results would still be of value. MacLeod also 
told him that a substantial commitment from Banting himself 
would be required for MacLeod to provide the laboratory fa-
cilities required for this project [1, 2, 5, 6]. Banting returned to 
London to reflect upon the offer by MacLeod.

Banting’s mentor C. L. Starr advised him to stay in Lon-
don and build his practice. Although his professional life 
in London continued to improve, his personal life suffered. 
His long-standing engagement to his childhood sweetheart 
ended, and by the spring of 1921, Banting decided to leave 
London. He initially decided to commit himself to a sum-
mer research project, allowing him the possibility to return 
to London in September. MacLeod provided Banting with 
two research students, Charles Best and Clark Noble, who 
would divide their time in his laboratory over the summer. 
Best won the toss and was assigned to assist Banting for the 
first half of the summer [5].

Starting in May 1921, Banting and Best started working 
on dogs, some of which were obtained from the streets of 
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Toronto, paying up to three dollars for the unwanted animals. 
In June, MacLeod left the team for a 3-month sabbatical to 
Scotland while the team worked on developing an extract 
from ligated pancreases. By August, Banting reported to Ma-
cLeod that he and Best had an extract that reduced the blood 
and urinary sugar and improved the clinical condition of 
diabetic dogs [1]. In November, the team set out to demon-
strate how long a diabetic dog could be kept alive with their 
extract. The labor-intensive process of making the extract 
from ligated pancreatic ducts forced Banting to come up 
with another method. Banting knew that the islet developed 
early in the fetus, and that cattle were often impregnated to 
help fatten them up before slaughter. So he and Best went to 
the local abattoir and retrieved fetal pancreases. The extract 
from these worked and allowed the team to start a longev-
ity experiment [7]. They soon encountered difficulty with 
standardization of the extract called “isletin.” In December 
1921, J. B. Collip, a biochemist visiting from the University 
of Alberta, helped the team purify the extract and developed 
a method of standardizing the potency.

Keen to move from the laboratory to clinical trials, the 
team administered the first injection of insulin to a 14-year-
old boy named Leonard Thompson. The insulin injections 
on young Thompson improved his clinical condition and 
normalized his blood sugar. Further clinical testing proved 
that insulin had great promise in the treatment of this fatal 
disease. Unfortunately, by this time the group was no longer 
functioning as a team. Banting, always mistrusting of Ma-
cLeod, started to tell people the he suspected MacLeod was 
taking credit for his work. On top of that, Collip, who was 
able to improve upon Banting and Best’s extract, refused to 
tell Banting how he had done it. The bickering and accusa-
tions of breach of academic integrity disrupted the team’s 
ability to work together, resulting in numerous setbacks. In 
an attempt to broker a truce, MacLeod proposed the names 
on the research paper would be listed alphabetically, giving 
Banting and Best the lead authorship. However, it was Ma-
cLeod who presented this paper to the Association of Ameri-
can Physicians, in effect, announcing the discovery of insu-
lin in May 1922 [8]. Unfortunately, neither Banting nor Best 
attended the conference.

The clinical testing of insulin took on a unique course 
in Toronto in the months that followed. The university had 
denied Banting an academic appointment to the Faculty of 
Medicine and as such he could not be involved in the clini-
cal trials at the Toronto General Hospital. In the spring of 
1922, Banting opened a private office and a specialized dia-
betes clinic at the Christie Military Hospital in Toronto. The 
university soon realized that it was not in their best inter-
est to continue to have insulin testing occurring outside the 
Toronto General. Banting wrote: “Things were stalemated. 
Best and I had control of the production of insulin and I had 
the clinic at Christie Street Hospital and had more private 

patients than I knew what to do with. So I decided that the 
Department of Medicine and the Toronto General Hospital 
could not have insulin for use on its wards until I had an 
appointment on staff” [1, 3]. Also, at this time, Banting was 
being heavily recruited to the USA and as such pressure was 
put on the university to ensure that Banting stay in Canada. 
The university soon reversed their decision and gave Banting 
an appointment to the hospital staff, and the Toronto General 
Hospital became the sole site for insulin testing.

In October 1923, the announcement came that Banting 
and MacLeod were awarded the Nobel Prize for Physiology 
or Medicine for their discovery of insulin. Banting was out-
raged at having to share this award with MacLeod and upset 
that Best was not included. His initial reaction was to refuse 
the prize. Fortunately, he was convinced that as the first Ca-
nadian to receive the award, it would be best for the country 
and the advancement of science for him to accept. Banting 
in his telegram to Best publicly shared his prize with Charles 
(see Fig. 1 in the chapter 44). Not to be upstaged, in the days 
that followed, MacLeod announced that he was sharing his 
half of the prize with Collip. At the time, this controversy 
continued to create a rift among faculty and friends between 
those in Banting’s camp versus those backing MacLeod. The 
two gentlemen rarely spoke and were never seen in public 
together again. Sadly, Banting, not wanting to share the stage 
with MacLeod, did not attend the Nobel Prize Ceremony in 
Stockholm that year. It was a few years later that he finally 
went to Stockholm to receive his award [9, 10].

It is a sad piece of Canadian history to discover that the 
first Canadian to receive the Nobel Prize did not attend the 
grand ceremony that celebrates such a wonderful accom-
plishment. Upon reflection, biographers such as Michael 
Bliss have clearly documented that Banting did not have the 
capability or scientific knowledge to discover insulin on his 
own [1, 5]. This discovery was clearly a group effort. Ma-
cLeod’s research skills and knowledge likely did play a sig-
nificant role in helping the team isolate the hormone. With-
out the expertise of Collip, needed to purify the crude extract 
created by Banting and Best, insulin would never have gone 
on so quickly to the human trials that confirmed its useful-
ness in the treatment of diabetes.

Following the Nobel Prize, Banting was catapulted into 
the spotlight, a place he rarely felt comfortable. Numerous 
awards and honorary degrees from universities and medical 
societies, including Knight Commander of the Civil Divi-
sion of the Order of the British Empire, were bestowed upon 
him. The Canadian government in 1923 provided Banting a 
life annuity of $ 7500 per year. His discomfort with his new-
found fame is best revealed in a poem he wrote:

But mark you who are young and ambitious,
Who strive to rise above the world,
The thing that made you famous,
Will be a curse in the end [11]
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Like the celebrities of today, Banting’s personal life was the 
subject of many tabloid-like stories in the national newspa-
pers. His much-publicized divorce from Marion Robertson 
was featured as a scandalous affair in the Toronto papers 
for all to see. Banting’s public humiliation took a personal 
toll on him. He retreated into a quiet life as the director of 
Medical Research at the newly created Banting Institute for 
Medical Research. He took up painting as a hobby and soon 
befriended several members of the newly formed Group of 
Seven Painters. In 1925, Lawren Harris nominated Banting 
for membership in the Arts and Letter Club of Toronto, a 
private men-only club for artisans in the Toronto area. It 
was here that Banting forged a lifelong friendship with A. Y. 
Jackson. Banting accompanied Jackson on several sketching 
expeditions, including one to the Canadian Arctic in 1927. 
By the 1930s, Banting was one of Canada’s best-known am-
ateur artists. His work was clearly influenced by his mentor 
and friend A. Y. Jackson (Figs. 2 and 3).

Banting spent the next several years maintaining and 
enlarging the research activities at the University of To-
ronto. He evolved into an ambassador for medical science 
both in Canada and abroad [1]. In 1937, Banting agreed to 
serve on Canada’s National Research Council (NRC). When 
war broke out in 1939, the NRC shifted its focus to war-
time research efforts, including aviation research. Banting’s 
involvement in this wartime effort resulted in traveling to 
Britain on numerous occasions. It was on one such trip, de-
parting from Gander, NF, that Banting’s plane crashed not 
long after takeoff. The two crew members were killed on 
impact; however, the pilot survived and was able to pull an 
unconscious Banting from the wreck. Rescue efforts were 
impeded by bad weather, and by the time the plane wreckage 

was discovered, Sir Fredrick Banting had succumbed to 
his injuries on February 21, 1941. Rumors of sabotage sur-
rounded his death well into the 1980s [12]. Fueled by both 
the statement the pilot’s widow made to biographer Michael 
Bliss, that two members of the ground crew at Gander had 
put sand in the fuel tank and later confessed to the crime and 
had been executed and failure to uncover any official reports 
of the inquiry into the crash made this story plausible [1, 5]. 
However, as Bliss pointed out later, sabotage was likely not 
the case [1]. The class of plane involved in the crash was 
later discovered to have a faulty oil cooling system that had 
a tendency to rupture in the extreme cold upon takeoff.

Sir Fredrick Grant Banting was a decorated soldier, an 
artist, and a young surgeon who had an idea. His dedication 
and perseverance brought about the discovery of insulin and 
ultimately changed the lives for millions of people. Fredrick 
Banting was Canada’s first Nobel laureate. And to date re-
mains the youngest recipient of the award at the age of 32. 
This remarkable discovery was by no means an individual 
effort. Although he clearly did not agree, his team, including 
Best, MacLeod, and Collip, all deserve credit for the discov-
ery of one of the first hormones discovered in the early days 
of modern-day endocrinology.

Acknowledgment I am grateful for the help and insight provided to 
me by Grant Maltman, curator of the Banting House National Histori-
cal Site of Canada, London, ON. Michael Bliss’s books on both Banting 
[1] and the discovery of insulin [5] provided much of the background 
for this chapter.

Fig. 3  Rockies Mountains close to Calgary painted in 1933 clearly 
demonstrates the influence his dear friend A. Y. Jackson had on his 
work. (Courtesy of Banting House National Historic Site of Canada)

Fig. 2  Banting’s early artistic work. This, a painting from Jasper, AB, 
was painted in 1926. (Courtesy of Banting House National Historic Site 
of Canada)
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Charles Herbert Best was born on February 27, 1899, in 
Maine, USA, the second child of Dr. Herbert and Luella 
Best, both parents originally from Nova Scotia, Canada. His 
father was a “country doctor,” and Charles spent much of 
his boyhood years in and around the towns of Pembroke, 
Easton, and Eastport [1]. After high school in Pembroke, at 
the urging of his parents, he moved to Toronto and studied at 
Harbord Collegiate to synchronize into the Canadian educa-
tion system, and then enrolled in 1916 at the University of 
Toronto in general arts. He transferred into physiology and 
biochemistry after the first year, which was interrupted by a 
short stint with the Canadian military with duties in Great 
Britain during World War I, and then he resumed his studies 
back at the University of Toronto and graduated with a bach-
elor of arts degree in 1921 [1].

In the summer of 1921, in a few short months, Charles 
Best was the codiscoverer of insulin. At the time, he and his 
friend Edward Clark Noble were honors master’s students 
working under the supervision of John James Rickard Ma-
cleod, professor and head of physiology and biochemistry 
at the University of Toronto. Frederick Banting required 
assistance to work on his idea of investigating the “internal 
secretion of the pancreas” and Macleod introduced him to 
the two graduate students. They were to take turns over the 
summer working with Banting, and according to many re-
ports, Best won a coin toss to start his month first [1]. Work 
began in mid-May 1921, and quickly escalated at a feverish 
pace. Working into the early morning hours and most nights 
in hot, humid conditions, Banting and Best conducted ex-
periments on dogs to isolate the pancreatic extract, initially 
by ligating the pancreatic duct, which resulted in atrophy of 
the acini, leaving viable islet cells allowing easier capture 
of the extract, which was then administered to dogs that had 
undergone total pancreatectomy. During the hot summer 
months and with conditions in the animal laboratory subop-
timal, many dogs died from sepsis, with Best complaining 
to Macleod that it was “next to impossible to keep a wound 
clean” [2].

In August, a few months after starting the experiments, 
Best wrote to Macleod: “We made an extract from a pan-
creas, the ducts of which had been tied for 5 weeks. We fol-
lowed your directions in preparing the extract—chilled mor-
tar, cold Ringer’s solution, etc. Our first trial was on a dog 
(410) whose pedicle had been removed on July 18th. …The 
extract seemed to have a marked effect” [2]. At the injection 
of extract, the blood sugar dropped dramatically. The letter 
continued: “Our most convincing experiment is the record 
of Dog 408. The whole of the large chart is devoted to this 
dog. We are also inclosing a copy of our notes as entered 
during the experiment. We hope that the curves and rough 
notes will make all the points sufficiently clear…. Until we 
hear from you sir we intend to conduct experiments on two 
dogs as follows—we will remove the whole pancreas from 
each and place the dogs in metabolism cages—we will treat 

Photograph of Charles Best taken by Professor A.V. Hill, University 
College, London, 1928. (Courtesy of the University of Toronto Fisher 
Library, The Discovery and Early Development of Insulin online col-
lection, digital ID, L10070. http://link.library.utoronto.ca/insulin/di-
gobject.cfm?idno=P10070)



274 P. I. Haigh

one dog with the extract and have the other as a control. …
Sincerely yours. F. G. Banting C. H. Best” [2]. Banting also 
wrote to Macleod on the same day, with more details of the 
research findings. He also requested to continue with Best, 
rather than to switch assistants to Clark Noble as agreed on 
the initial introduction: “Mr Best has expressed the desire 
to work with me and I should be more than pleased to have 
him. His work has been excellent and he is absolutely hon-
est, careful and impartial, and has taken a great interest in the 
work. He has assisted me in all the operations and taught me 
the chemistry so that we work together all the time and check 
up each others readings. I hope that you will be able to make 
out our report” [3].

By November of 1921, Banting and Best had collected 
enough data to present their initial findings intramurally in 
Toronto at a Physiological Journal Club, and then publicly 
at a meeting of the American Physiological Society in New 
Haven, CT, on December 30, 1921. Soon afterwards, the 
“Internal Secretion of the Pancreas” was published in the 
Journal of Laboratory and Clinical Medicine in February 
22, 1922, which concluded primarily that

Intravenous injections of extract from dog’s pancreas, removed 
from seven to ten weeks after ligation of the ducts, invariably 
exercises a reducing influence upon the percentage sugar of the 
blood and the amount of sugar excreted in the urine. [4]

The work continued, and after several modifications such 
as changing substrate to fetal calf pancreas, the pancreatic 
extract became more potent, which led to greater success at 
more durable reductions in blood sugar levels. The most de-
pendable results, and more readily feasible for larger-scale 
production, came after switching to adult beef whole pancre-
as and using alcohol to extract the hormone instead of saline, 
and also with the refinements to the purification by James 
Bertram Collip, a visiting biochemist on sabbatical from 
the University of Alberta in Edmonton. Collip took Best’s 
product and increased the alcohol percentage, and when the 
extract itself precipitated, he used the reconstituted powder 
as the injectable. The advancements culminated in a prelimi-
nary paper published in the Canadian Medical Association 
Journal in March 1922 as Banting, Best, Collip, Campbell, 
and Fletcher (the latter two authors were clinicians at To-
ronto General Hospital), mentioning that the extract was 
used in seven patients and markedly reduced blood sugar and 
abolished glycosuria, as shown in detail in the first patient, a 
young diabetic boy [5]. The next major publication, authored 
by Banting, Best, Collip, Campbell, Fletcher, Macleod, and 
Noble, which was presented in May 1922 by Macleod at the 
annual meeting of the Association of American Physicians 
in Washington, DC, introduced to the world the term “insu-
lin” for the extract [6]. Later, Macleod regretted not insisting 
that Banting and Best accompany him to Washington for this 
seminal paper [7].

After the initial clinical testing of insulin, Charles Best 
changed direction and oversaw large-scale insulin produc-
tion, and he became director of the Insulin Division at Con-
naught Laboratories at the University of Toronto and at 
the same time was a medical student at the University of 
Toronto. For about 2 months, insulin production at a larger 
scale sputtered as Collip was unable to produce the insulin as 
before, and none was produced. Best worked diligently with 
the team to get production back on track, and he succeeded 
in May 1922. He and Collip then collaborated with Eli Lilly 
and Company to try and improve larger-scale production.

The year after, Banting and Macleod were nominated 
by August Krogh, the prior Nobel laureate who visited Ma-
cleod in Toronto, and by several others for consideration by 
the Nobel Committee, and the Nobel Prize for Physiology 
was awarded to them on October 25, 1923, for the discovery 
of insulin. Banting, after learning Macleod was corecipient, 
immediately shared the prize with Charles Best. Best was 
in Boston, MA, as a visiting professor, and Banting drafted 
a personal telegram for him on October 26, 1923 (Fig. 1), 
which was then made more formal for public audience and 
read by Dr. Elliott Joslin, his host: “At any meeting or dinner 
please read following. I ascribe to Best equal share in discov-
ery. Hurt that he is not so acknowledged by Nobel trustees. 
Will share with him. Banting” [8]. In a personal letter to Dr. 
Henry Geyelin, Banting stated that he thought that the “whole 
thing was an injustice to Best” [9]. A few days later, Best 
wrote to his wife Margaret: “It seems that the Boston papers 
speaking editorially and otherwise had heralded the coming 
of ‘The Most Famous Medical Student in the World.’ It has 
to be the most something. I went to the Peter Bent Brigham 

Fig. 1  Draft of telegram sent by Frederick Banting to Charles H. Best 
on October 26, 2014. (Courtesy of the University of Toronto Fisher 
Library, The Discovery and Early Development of Insulin online col-
lection, digital ID, L10058. http://link.library.utoronto.ca/insulin/di-
gobject.cfm?idno=L10058)
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Hospital at 2.30 and stayed there until nearly four. Went then 
to the Harvard Medical School where the students had con-
gregated. The largest Hall available was filled to overflow-
ing. President Elliot or Eliott or otherwise who is over ninety 
introduced me. He said that Dr. Banting a surgeon had come 
to Toronto to investigate a problem but that I had supplied the 
necessary knowledge to enable the problem to be investigat-
ed therefore that I was the real discoverer of insulin. Hurrah: 
cried the students. They really gave me a great reception both 
before and after my little talk. At the end of my talk Dr. Joslin 
read a telegram he had just received from Banting saying—‘I 
assign to Best equal share discovery insulin. Hurt that Nobel 
trustees did not so acknowledge him. Will share with him. 
Please read this telegram at any dinner or meeting—Banting.’ 
Dr. Joslin read it at the students meeting and at the dinner at 
night. I am going down to get a bite now, dear. I have thought 
about you continually during this trip, sweetheart. I love you 
more and more. Charley” [10].

The prize in 1923 certainly generated controversy, and ac-
cording to Henry Best, Charles’ son, “the process of award-
ing the prize failed to operate properly in 1923 and is most 
responsible for the unfortunate result that has embarrassed 
the Nobel Committee ever since” [1]. Almost five decades 
later, it was stated in 1972 in an official history of the Nobel 
Prize that Best should also have won the prize: “Although 
it would have been right to include Best among the prize-
winners, this was not formally possible, since no one had 
nominated him—a circumstance which probably gave the 
Committee a wrong impression of the importance of Best’s 
share in the discovery” [7]. Almost another decade after the 
official history, Rolf Luft, a former chairman of the Nobel 
selection committee for the physiology or medicine award, 
told the National Institutes of Health (NIH) that in his opin-
ion, the 1923 award to Banting and Macleod was the worst 
error of commission, and he thought the prize should have 
gone to Banting, Best, and Paulescu (Nicolae Paulescu was 
a Romanian physiologist who also contributed to the discov-
ery of insulin) [7].

Best married Margaret Mahon in September 1924. He 
completed his medical studies as class president and gradu-
ated with a bachelor of medicine degree (MB was conferred 
in those years, modeled after the British medical system) in 
June 1925 [1]. He won the Ellen Mickle Fellowship of the 
Faculty of Medicine for the highest rank in the medical class, 
and another award for highest grade in pathology. After med-
ical school, he completed his doctor of science degree at the 
University of London working with renowned physiologists 
Henry Hallett Dale and Archibald Vivian Hill. He then ac-
cepted a position back at the University of Toronto in 1928 
as the professor and head of the Department of Physiological 
Hygiene, and 1 year later became professor and head of the 
Department of Physiology, succeeding perhaps with some 
irony, John J. R. Macleod, who left Toronto for the Univer-

sity of Aberdeen. Best had a long and successful career as a 
medical research scientist and was also known for his work 
in the nutritional effects of choline in preventing fatty liver, 
the discovery of histaminase, and in the purification and 
clinical use of heparin.

After Banting’s death in 1941, Best became the professor 
and head of the Banting and Best Department of Medical Re-
search, and retired in 1967. He was awarded several research 
awards and prizes, and was also given many international 
honorary degrees. He was a member of a pantheon of societ-
ies, including an honorary member of the American Diabetes 
Association since its founding in 1940, and he was its presi-
dent in 1948–1949 [1]. Best was coauthor of a textbook of 
physiology with Norman Taylor—“Best and Taylor’s Physi-
ological Basis of Medical Practice,” for near ten editions, 
and the title is still in circulation today. Additional honors 
were plenty, including the annual Charles H. Best Lecture 
of the Toronto Diabetes Association that was established in 
1970, and the Charles H. Best Postdoctoral Fellowship in 
the Banting and Best Department of Medical Research es-
tablished in 1971. The University of Toronto Charles H. Best 
Lectureship and Award was later established in 1995 by an 
endowment to recognize outstanding contributions in the 
field of diabetes research [1].

Charles Herbert Best collapsed from a ruptured aorta on 
March 26, 1978, the day after the sudden death of his eldest 
son Charles Alexander Best, and then died several days later 
on March 31, 1978.
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Introduction

Allen Oldfather Whipple, called Oldfather by his closer 
friends, was born on September 2, 1881, in Oroomisha, Per-
sia (currently Iran), where his parents were working as mis-
sionaries. He was always considered the eldest child because 
his three older siblings died at the ages of 1, 2, and 3 in Per-
sia. The family moved back to the USA in 1896 with the aim 
of obtaining a better education for their children [1].

Whipple graduated from Princeton in 1904, and then at-
tended Columbia University’s College of Physicians and 
Surgeons, becoming a physician in 1908. He then completed 
a 2-year internship at Roosevelt Hospital in New York [1].

Whipple was appointed chairman of the Department of 
Surgery at Columbia-Presbyterian with the rank of professor 
of surgery in 1921, when he was only 39 years old [2]. Over 
the course of his career, he introduced the concepts of multi-

disciplinary teams, prospective collection of data for analy-
sis, and critical assessment of postoperative morbidity and 
mortality. In addition, he made important contributions to the 
field including a better understanding of neuroendocrine tu-
mors of the pancreas, the development of the Whipple proce-
dure, and insights into portal hypertension [3–6]. He became 
president of a number of important surgical organizations 
including the American Board of Surgery and the American 
Surgical Association. After his retirement in 1946, he com-
pleted his career at Princeton where he was a professor of bi-
ology and a counselor of students. He died on April 16, 1963, 
in Princeton, New Jersey. Dr. Allen O. Whipple should be 
recognized for his tremendous influence in multiple aspects 
of surgery and for his impact on generations of surgeons.

Living in Persia and His First Years in the USA

Allen Whipple’s parents, William and Mary Louise, graduat-
ed from seminary school in Ohio and went to Persia to work 
as missionaries. They went on a Christian mission and had 
nine children, four of whom died in Iran. Whipple was born 
when his parents had been overseas for 9 years, and his fam-
ily always considered him the eldest child [1].

The Whipples’ stayed in Persia for 25 years in total (1872–
1896), with intermittent visits to the USA (1877–1880 and 
1889–1890). The young Whipple had several run-ins with 
medicine including a bout of typhoid fever lasting 2 months 
and surviving a cholera epidemic in Tabriz that sparked his 
interest in medicine. However, he first became interested in 
surgery when his sister had surgery to relieve a small bowel 
obstruction [1, 2].

Whipple moved back to Oroomiah without his family to 
attend school in 1894. He lived with the Coans’ family and 
attended the College Hospital Compound. In 1895, the wife 
of one of the local physicians died from pneumonia and the 
Coans (including Whipple) moved into his house to help 
him. Whipple was greatly impressed with the doctor, not 
only for his work but also for the compassion and interest he 

Dr. Allen Oldfather Whipple. (Courtesy of Samir Johna, MD)



278 J. M. Butte and E. Dixon

had in his patients. Whipple helped him in his clinical prac-
tice and clearly, these activities helped influence his decision 
to study medicine [1].

The Whipple family returned to the USA to prepare their 
children for college in 1896. Before leaving Tabriz, they do-
nated all their belongings including their house to create the 
“Whipple Hospital for Women.” Thus, they traveled with 
minimal goods, without a lot of money, and were support-
ed by their families and friends after arriving. They settled 
in Duluth, Minnesota, where they rented half of the house 
where William’s brother lived [1]. Allen initially attended 
the Duluth Central High School, where he was seen as a 
different person because he spoke four languages. The head 
of his school knew the dean of Princeton and helped Allen to 
obtain a scholarship to study there.

The Princeton Years (1900–1904)

While at Princeton, Whipple received a full scholarship with 
a US$ 150 annual stipend. He supplemented the scholar-
ship by tutoring Latin and working at the Princetonian, the 
college newspaper. Years later, he said that this work gave 
him the ability to express his ideas adequately [1, 2]. He 
performed well and was in the upper 20–30 % of his class. 
Throughout his time at Princeton, he continued to work hard 
and eventually went on to manage the Robador dinning club, 
participated in the Colonial Club, and worked at the Blake-
ley Laundry. He spent the summer in Evanston teaching a 
classmate and attended the surgical clinic of Dr. Graham, in 
the afternoons.

He met many important people in his life while at Princ-
eton. In particular, Charles McClure, a professor of biology, 
became one of his lifelong mentors. Whipple had planned 
to attend Johns Hopkins Medical School, but Professor Mc-
Clure arranged for him to attend Columbia University’s Col-
lege of Physicians and Surgeons with a full scholarship.

Columbia University, College of Physicians 
and Surgeons (1904–1908)

Whipple continued to excel at Columbia. Of the 160 students 
in his class, only 79 graduated and Whipple was the third 
in his class [1]. After graduating medical school, Whipple 
wanted to continue his training at Roosevelt Hospital, which 
was the primary teaching hospital of Columbia. He started his 
residency training on January 1, 1909. However, important 
changes in the organization of the hospitals occurred during 
his residency. Abraham Fleuxner conducted studies into the 
organization of the medical schools of the USA, Canada, and 

Newfoundland. One of the primary findings was that medi-
cal schools should incorporate a teaching hospital when fea-
sible. Roosevelt Hospital was given the option to become 
the teaching hospital of Columbia University. However, 
they declined and Columbia subsequently partnered with the 
Presbyterian Hospital. This decision had an important effect 
on Whipple, since his surgical mentor, Professor Blake, was 
transferred to the Presbyterian Hospital. Blake was a senior 
surgeon, with important experience in and out of the operat-
ing room. Despite this setback, Whipple completed 2 years 
of internship at Roosevelt Hospital even though the stan-
dard training included only 1 year of internship. During the 
first year, he administered anesthetics during the morning, 
worked in the laboratory, and evaluated patients during the 
afternoon. He worked as the medical house officer over the 
next 6 months. During this time, there was a severe epidem-
ic of typhoid fever in New York, and Whipple performed a 
cholecystectomy on 32 typhoid carriers, interrupting the life 
cycle of the typhoid Bacillus that harbors in the gallbladder 
and helping to stop the epidemic [7]. During his second year, 
he functioned as a surgical intern. However, he never com-
pleted a formal training program in general surgery.

Whipple was reunited with his mentor when Professor 
Blake offered him an academic appointment at his outpa-
tient department as the second assistant attending surgeon. 
Whipple started on January 1, 1911, and was in charge of the 
fourth-year clerks. During this time, he worked with Dr. Bill 
Clarke, who was a surgical pathologist, and participated in 
research into angiogenesis. He also maintained an outpatient 
practice in the hospital clinic, worked as a part-time surgi-
cal pathologist at Englewood Hospital in New Jersey, and 
maintained his practice in anesthesia and some practice in 
obstetrics. However, during this time, he was not performing 
major surgery.

Notwithstanding, the dean considered him an important 
part of the academic team and appointed him as a junior at-
tending at the Presbyterian Hospital in 1914. This marked his 
return to the operating room. He was primarily interested in 
the surgery of the biliary tract as well as postoperative care, 
specifically in pneumonia, and published at least one manu-
script every year.

His Family

In the spring of 1911, Whipple was invited by a friend to 
meet two young ladies. Miss Mary Neales was coming to 
New York to be with her sister. After this initial meeting, 
the two maintained the relationship, and Dr. Whipple vis-
ited her in Boston, when she underwent an appendectomy. 
They were married on September 26, 1912, at Woods Hall, 
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 Massachusetts. They were married for 47 years until her 
death in February 1959 from a possible myocardial infarc-
tion.

They had three children—Mary Allen Whipple (1913–
1990) who married Dr. Richard Being, a famous cardiologist; 
Allen Oldfather Whipple Jr., (1915–1963) who studied his-
tory at Princeton; and William Neales Whipple (1917–1933), 
who was involved in a severe accident near New York. Dr. 
Whipple was called in to evaluate his son and traveled with 
him in the ambulance back to Presbyterian Hospital. Unfor-
tunately, he succumbed to his wounds and passed away after 
emergency surgery.

Contributions to Surgery

Dr. Whipple contributed to the surgical field in many differ-
ent ways [8–10]. However, he was specifically interested in 
the spleen (especially the after effects of removal) and portal 
hypertension, determining that the latter was a consequence 
of a liver disease. In 1945, he published their experience of 
1189 patients treated in 17 years in Annals of Surgery [4].

Much of his research focused on postoperative compli-
cations. Indeed, he noticed that many patients developed a 
particular form of pneumonia after surgery. He studied this 
finding and wrote a paper called “A study of postoperative 
pneumonitis.” In this series, 97 of 3719 (2.3 %) patients de-
veloped this condition [8]. This was the first study to define 
postoperative atelectasis and its clinical implications.

Whipple created the first system to record the inpatient 
and outpatient records into a single document in 1916 and 
emphasized this comprehensive collection of data in his first 
paper about pancreatic disease published in 1918. That year 
he presented a protocol for the collection of information on 

patients with diseases of the biliary tract and pancreas, which 
was one of the first prospective protocols.

Dr. Whipple became interested in pancreatic tumors, es-
pecially in islet cell tumors of the pancreas, while he was 
studying the spleen and portal hypertension. He initially 
studied the insulinoma, which was the first hormone-secret-
ing tumor of the islets of Langerhans to be recognized. The 
concept of “spontaneous hyperinsulinism” was first reported 
in 1924 within a year of the discovery of insulin by Ban-
ting and Best. Patients presented with symptoms similar to 
those of an insulin overdose. After William Mayo first de-
scribed hyperinsulinemia from a malignant islet cell tumor 
in 1927, and Rosco Graham in 1929 successfully removed 
the first benign insulinoma, many patients were operated on 
for symptoms of hypoglycemia, yet the success of finding an 
insulinoma was only 32 %. It was Whipple who put together 
a series of 62 patients from the world literature operated on 
for hypoglycemia and developed a clinical tool to help es-
tablish the diagnosis of an insulinoma from other causes of 
hypoglycemia [5]. In this landmarked article, Whipple in-
troduced his Whipple’s triad, which consisted of (1) clinical 
symptoms of hypoglycemia following fasting, (2) low blood 
glucose levels at the moment of symptoms, and (3) tempo-
rary relief of symptoms with the administration of glucose 
[3, 5, 11]. By the time he retired, Whipple had operated on 
39 cases of insulinoma, the largest published series at that 
time (Table 1). Whipple’s triad is still utilized today in the 
diagnosis of insulinoma.

The Whipple Procedure

Until Whipple’s innovations in pancreatic surgery, the for-
mal resection of the pancreas was a highly morbid proce-
dure. Between 1882 and 1905, 21 surgeons removed part 
of the head/body/uncinate process of the pancreas in 24 
patients, with a mortality rate of 53 % in 19 [1]. Codivilla 
performed the first pancreatoduodenectomy in 1898, but 
the patient died 24 days after surgery. That same year, Dr. 
Halsted performed the first local resection of a carcinoma of 
the ampulla de Vater [1].

Whipple observed that the main problem associated with 
the resection of the head of the pancreas was bleeding due 
to the hypocoaguable state caused by jaundice. It was not 
yet known that the underlying issue was a lack of vitamin 
K (a fat-soluble vitamin) absorption due to the disruption of 
the biliary system [12, 13]. However, the discovery of insu-
lin in 1921, the description of human blood groups in 1930, 
and the discovery of vitamin K in 1929 helped improve the 
outcome of pancreatic surgery significantly. Whipple per-
formed the first two-stage Whipple procedure in 1934 [6] 

Table 1   A summary of Dr. Whipple’s experience treating neuroendo-
crine tumors of the pancreas
Characteristics N
Patients explored 39
Tumor found (patients) 34 (87 %)
Operations N = 44
Simple excision 21
Partial pancreatectomy 10
Reoperation and resection 7
Whipple procedure 1
Exploration and failure to find the tumor 5
Diagnosis N = 43
Adenoma 27
Carcinoma (functional) 3
Carcinoma (nonfunctional) 1
Probably malignant 9
Adenomatosis 3
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(Fig. 1), while the first one-stage procedure was not per-
formed until 1940 [3]. On March 6, 1940, Whipple operated 
on a 33-year-old woman who was thought to have a possible 
gastric cancer. During the operation, he felt a mass in the 
pylorus and transected the stomach in the middle part. He 
examined the posterior wall and did not find a tumor in the 
pylorus, but instead found a small tumor located in the head 
of the pancreas. He performed a one-stage pancreaticoduo-
denectomy, removing the distal part of the stomach, the head 
of the pancreas, the duodenum, and the distal bile duct. He 
then closed the pancreatic stump and duct and anastomosed 
the bile duct to the stomach (Fig. 2). The patient had made an 
excellent recovery. The final pathology was a glucagonoma, 
which was the first reported glucagonoma resected. The pa-
tient died 9 years later from liver metastases. Whipple pre-
sented the case at the New York Academy of Medicine after 
5 years of follow up and published the operation in Annals 
of Surgery that year [3]. Whipple would later publish a series 
comparing the mortality rate of 38 % in eight patients treated 
with two-stage surgery and 31 % in 19 patients treated with 
one-stage surgery lending support to the superiority of a one-
stage procedure.

Involvement in Surgical Societies

Whipple was active in many surgical societies at the time. 
He served as president of the American Board of Surgery 
(ABS), the American Surgical Association (ASA), and the 
Society of Clinical Surgeons (SCS) among others. One of his 
great passions was surgical training. In 1935, he presented 
a paper “Opportunities for graduate teaching of surgery in 
larger qualified hospitals” [14]. The president of the ASA 
subsequently recommended creating an American Board of 
Surgery to help distinguish surgeons practicing surgery at a 
higher level and Whipple was vice-chairman of the initial 
task force. Whipple served as vice-president of the ABS for 
4 years and president for another 2 years. Whipple served 
as the chairman of the commission that selected the ques-
tions for the first certifying examination. Whipple was also 
a governor of the ACS between 1938 and 1948 and received 
the gold medal from the American Medical Association for 
his distinguished service in 1951 [15, 16]. He served as 
president of the American Surgical Association in 1939 and 
his presidential address expounded on the subject of wound 
healing. Whipple was elected president of the Society of 
Clinical Surgeons in 1935 and traveled to Europe with the 
Society in 1937. The night before his departure, his mother 
developed a bowel obstruction from an inoperable tumor. He 
traveled to Wisconsin to see her, and she died 2 days later. He 
then joined his colleagues in Europe.

Time at Memorial Hospital (1947–1951)

In January 1961, Whipple received the Judd award from Me-
morial Hospital in recognition of his contribution to the field 
of cancer. He was subsequently approached by the director 
of the Memorial Hospital to serve as the clinical director. 
Although Whipple had planned to go to Beirut after retiring 
from Presbyterian Hospital, he ended up taking the position. 
His main objectives were to develop an academic residency, 
increase the standards, and create an autonomous surgical 
service. He created the most modern and well-equipped ex-
perimental laboratory of the country 1 year before retirement. 
Whipple did not like administration, finding the job very un-
interesting, and happily left for retirement [1].

Retirement

Whipple moved to Princeton where he was appointed as an 
advisor to the students and continued with his studies on the 
splenic circulation in the laboratory of Professor Parpart, 
publishing these results in 1954 [17]. Whipple was honored 

Fig. 1  The two-stage Whipple operation. (From Whipple et al. [6]. Re-
printed with permission from Wolters Kluwer Health)
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with a dinner in the Grand Ballroom of the Plaza Hotel in 
New York City on September 22, 1952. The Whipple Surgi-
cal Society was created that day and consisted of 217 sur-
geons who had been trained by Whipple. The Whipple Soci-
ety closed in 1978 but reopened in 2003 [18].

Whipple continued on at Princeton as a visiting lecturer 
and professor of biology. He also became a trustee of Princ-
eton University from 1943–1952 and was granted a doctor 
of science in September 1956 followed by the Woodrow 
Wilson Award in February 1958 for his lifetime of achieve-
ments. During this time, he was also the chairman of the ad-
visory committee that guided in the building of a hospital in 
Shiraz, Iran.

Dr. Whipple attended the annual meeting of the ASA in 
1961, but had two episodes of chest pain and returned imme-
diately to Princeton. He was transferred to Presbyterian Hos-
pital and was admitted for 6 weeks. He was found dead pos-
sibly of a myocardial infarction in his house, in Princeton, on 
April 16, 1963. His son had died just 8 days before. Allen O. 
Whipple will always be recognized as a pioneer in surgery 
and his work in the treatment of pancreatic disease. Surely, 
many generations of health care professionals will continue 
to refer to Whipple’s triad and the Whipple procedure.
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The story of the first operation for insulinoma is fascinating 
but tragic. After struggling with recurrent bouts of abdominal 
pain and a perineal rash that seemed to defy diagnosis for 5 
years, Dr. Dickinson Wheelock, an orthopedic surgeon from 
South Dakota, was referred to the Mayo Clinic by his local 
physician, Dr. D. A. Gregory, for abdominal pain accompa-
nied by a constellation of additional symptoms. Excerpts of 
his referral letter are poignant and enlightening.

I think someone picked him for a ‘nut’…about a year ago he 
noticed that he would develop a tremor, sweating, and ner-
vousness after going without food or after severe exertion. He 
discovered taking sugar would prevent the recurrence of these 
attacks…. About three weeks ago I saw him in one of his typical 
attacks caused by his going without breakfast and not having 
enough candy. He resembled an acute alcoholic, great motor 
activity, dancing and talking, squinting and frowning, apparently 
having hallucination of sight and hearing, negativistic and diffi-
cult to control. I had great difficulty in getting him to take a coca 
cola full of syrup, but after taking it, he recovered in about five 
minutes…. Several times he has become comatose…. This man 
is not a nut but has become rather soured on his professional 
confreres because he has not got to first base on a diagnosis… 
[He] is an exceptional case and I can find nothing about hypo-

glycemia. Try and get someone interested in him and don’t let 
him die because he sure will if he goes too long without carbo-
hydrate. (Referral letter to Dr. Davis at Mayo Clinic, 1926 [1])

Dr. Wheelock remained in hospital for months under the care 
of Dr. Russell M. Wilder, a noted endocrinologist. True to the 
story, the patient’s hypoglycemia was so severe as to require 
an estimated 25 g of glucose per hour to ameliorate his symp-
toms. But no medical therapy could resolve his problem, and 
Dr. Will Mayo was consulted, principally because his sur-
gical expertise was abdominal and pelvic surgery (Fig. 1). 
On Saturday, December 4, 1926, surgical exploration was 
undertaken. Portions of Dr. Mayo’s operative note follow:

The pancreas was normal from the head to the top of the spine 
and from then on it curved like a shrimp and seemed to grasp 
the spine. The consistency of this portion was hard, irregular. 
Secondarily there is a tumor the size of an orange in the middle 
of the right lobe of the liver…. A specimen about five cm wedge-
shaped by about 4 cm at the point of the wedge was removed 
for diagnosis.

Extracts of the tumor and the normal liver were subsequently 
prepared which were injected intravenously into rabbits—
and behaved exactly like an insulin preparation. Sadly, Dr. 
Wheelock continued to suffer symptoms when not receiving 
his glucose infusion, and remained hospitalized until he died 
on January 3, 1927. Autopsy confirmed carcinoma of the 
pancreas with metastases to the liver, intestine, and regional 
lymph nodes.

Pertinent to Dr. William Mayo’s involvement in endocrine 
surgery is his first and only experience with thyroid surgery. 
In his own words, “Dr. Will” recounts this story as part of 
his touching eulogy for Dr. Henry S. Plummer in 1938 [2]:

Away back in 1889, when St. Mary’s Hospital was first opened, 
one of the earliest operative cases we had was one of goiter, the 
largest thyroid tumor I have ever seen, in J.S., a Scotchman aged 
about sixty-two years…. The huge tumor was a degenerating 
thyroid, and the man had great difficulty in breathing and was in 
a very serious condition. I had heard something about the use of 
iodine to cause shrinkage of large thyroid tumors, and I injected 
this tumor with iodine in a number of situations…. The patient’s 
condition was precarious, and I knew, that whatever happened, 

Dr. William Mayo. (By permission of the Mayo Foundation for Medical 
Education and Research. All rights reserved)
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the tumor must come out. We put him on the table, using a small 
amount of the old ACE anesthetic mixture (alcohol one part, 
chloroform two parts, and ether three parts), incised the skin 
and superficial tissues…and rapidly enucleated the tumor with 
our hands. The bleeding was profuse…and knowing the efficacy 
of turpentine to stop this type of bleeding…the sponge soaked 
with turpentine was placed in the cavity from which the goiter 
had been removed, and the wound was sutured tightly over it…a 
large dressing was bandaged in place as tightly as the patient’s 
breathing capacity would permit. After some days the incision 
was opened and the sponge removed. The wound healed per-
fectly and the patient made a fine recovery…. My brother, who 
recently had graduated from Northwestern University, in 1888, 
assisted me in the operation. This was the beginning and end of 
my work in the goiter field. The problem passed entirely over to 
my brother.

While the stories of the first insulinoma ever operated, and 
the collaboration of the Mayo brothers faced with resecting 
a huge goiter as their first thyroid operation are amazing 
and remarkable, the sustained prominence of William and 
Charlie Mayo goes far beyond. Their incredible, single-
minded, lifelong dedication to serving mankind laid the 
foundation for what evolved into the most prestigious medi-
cal center worldwide. This account focuses on “Dr. Will”, as 
“Dr. Charlie’s” career is summarized elsewhere. But their 
success, fame, and respect were earned and shared equally. 
Their story can hardly be more eloquently recounted than to 
rely largely on their own words.

Will and Charlie were fortunate to have exemplary par-
ents as role models—their father, William Worall Mayo, 
was a highly respected doctor. They recognized and appreci-
ated their heritage. Charlie once stated, “the biggest thing 
Will and I ever did was to pick the father and mother we 
had” [3]. Will said, “It never occurred to us that we could 
be anything but doctors…. From the beginning Charlie and 

I always went together. We were known as the Mayo boys” 
[3]. They learned the principle of noblesse oblige from their 
father. Will set lofty goals for himself—at the age of 22, after 
working in his father’s medical office for 1–2 years, Will 
told a friend of his father’s that “I expect to remain in Roch-
ester and become the greatest surgeon in the world” [3]. Will 
eventually graduated from medical training at the University 
of Michigan on June 28, 1883, the same year that a devastat-
ing tornado ravaged through Rochester which prompted the 
building of St. Mary’s Hospital (SMH), currently supporting 
1400 beds. Charlie earned his medical degree from Chicago 
Medical College (subsequently Northwestern University) on 
March 27, 1888.

For the first decade of practice, Will and Charlie assisted 
each other in the operating room (Fig. 2). Only 5 years after 
finishing his training, at the age of 27, Will presented his 
operative experience with appendectomy to the Minnesota 
State Medical Society which was impressive enough for him 
to be elected chairman of the surgical section for the fol-
lowing year. Adopting the principles of antisepsis, they en-
tered what for them was a golden era of surgery from 1890 
to 1910. Their surgical experience grew exponentially. Fol-
lowing the opening of SMH in 1889, over 1000 patients had 
been treated by 1893. Abdominal operations escalated from 
54 in the first 3 years, to 612 in 1900, to 2157 in 1905 [3]. 
That same year, nearly 4000 operations were performed at 
SMH, largely by Dr. Will and Dr. Charlie. After a while, the 
brothers developed different surgical interests and exper-
tise; Dr. Will, pelvic and abdominal surgery; Charlie, eye, 
ear, nose, throat, bones and joints, brain, nerves, and neck. 
Tongue-in-cheek, Dr. Will commented that “I was driven to 
cover by a better surgeon. Charlie drove me down and down 
until I reached the belly” [3]. In December 2004, Dr. Charlie 
read to the Southern Surgical Association his and his broth-
er’s joint report of 1000 operations for gall bladder disease. 

Fig. 2  Dr. “Will” scrubbing for an operation. (By permission of the 
Mayo Foundation for Medical Education and Research. All rights 
reserved)

 

Fig. 1  Dr. William Mayo at the scrub sink. (By permission of the Mayo 
Foundation for Medical Education and Research. All rights reserved)
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In 1905, Dr. Will was considered the foremost American au-
thority on stomach surgery. He read “A review of 500 cases 
of gastroenterostomy” at the American Surgical Association 
that year. In response, a Dr. Moore of Minneapolis pointed 
out that “the evolution of an operation…generally comes to 
us through the experience of a large number of men. Today 
we have had something which is almost anomalous in the 
history of surgery. We have been given the whole evolution 
of surgery within the experience of one man” [3]. A Dr. Hag-
gard described a comparison of the two brothers as surgeons, 
“Dr. Will is a wonderful surgeon; Dr. Charlie is a surgical 
wonder.”

Dr. Will expressed his views regarding education, espe-
cially as it related to patient care. His June 15, 1910 address 
at the Rush Medical College commencement, was one of 
the most important principles he ever emphasized, one that 
remains at the very core of Mayo Clinic philosophy. “Er-
rors of judgment in student days were made harmless by the 
care and attention of your teachers. From now on you will 
have no such check upon your actions, and your mistakes 
will be costly because they concern the health and happiness, 
if not the life of individuals…. As we grow in learning, we 
more justly appreciate our dependence upon each other…. 
The best interest of the patient is the only interest to be 
considered…. Write papers; they will do you much good, 
although at first they may not benefit anyone else. In order to 
write papers, you will institute a wider range of reading and 
investigation, you will learn to crystallize your thoughts and 
expressions, and, finally, to produce work worthy of your 
efforts” [4]. Even nearly a century ago, Will recognized the 
value of critical thinking over mere memorization: “Today 
we are suffering from too much knowledge too widely dif-
fused…. Without intending to criticize unkindly, I believe 
that we devote too much effort to driving home detailed in-
formation and too little to the development of perspective” 
[5]. “We must bear in mind the difference between thorough-
ness and efficiency. Thoroughness gathers all the facts, but 
efficiency distinguishes the two-cent pieces of non-essential 
data from the twenty dollar gold pieces of fundamental fact” 
[6]. And beyond the education of just the individual, he stat-
ed, “What a man may do with his own hands is small com-
pared with what he may do to implant ideals and scientific 
spirit in many men who in endless chains will carry on the 
same endeavor” [3].

The Mayo brothers were taught early by their father that 
“No man is big enough to be independent of others” [3]. 
Evolving from that principle, they recognized the value and 
power of collaboration. “In an endeavor to give the patient 
the very best in the way of medical treatment, a system of 
interrelation has been devised in which cooperation adds to 
the success of special practice” [7]. In contrast to the po-
tential corruption of financially motivated physician group 
practice, Dr. Will described his model in a personal letter 

to Dr. W.L. Wallace, dated 1922, “Those clinics which are 
operated for the best interest of the patient and on the ethi-
cal principles of the American Medical Association will live, 
and will deserve to live, and that those which are essentially 
commercial…will die.” Specifically, regarding Mayo Clinic: 
“…All its properties and funds, and all its earnings over a 
reasonable compensation to the physicians and surgeons of 
its staff go to create endowments. Everyone associated with 
the institution is on a fixed salary.” Further, in a letter to Dr. 
J. Panteleone in 1930, “Properly considered, group medicine 
is not a financial arrangement, except for minor details, but a 
scientific cooperation for the welfare of the sick. Medicine’s 
place is fixed by its services to mankind; if we fail to mea-
sure up to our opportunity it means state medicine, political 
control, mediocrity, and loss of professional ideals.” “One 
can trace through the development of specialization, like the 
theme of a melody, the consistent purpose of carrying the 
benefits of modern medicine to the sick…. A sound under-
standing of diseases of the thyroid has been almost entirely 
a development of the last decade. The chemist, the research 
worker, the internist, and the surgeon have organized and 
combined to bring about the safety with which patients with 
exophthalmic and toxic goiters are now restored to health by 
surgical means” [8].

Will summarized the three keys he considered of vital im-
portance to Mayo Clinic: an active ideal of service instead 
of personal profit, a primary and sincere concern for the care 
of the sick and for the individual patient, and an unselfish 
interest of every member of the group in the professional 
progress of every other member [3]. A different perspective 
was offered by an English fellow in training many years ago, 
“The most amazing thing of all about the Mayo Clinic is the 
fact that five hundred members of the most highly individu-
alistic profession in the world could be induced to live and 
work together in a small town on the edge of nowhere and 
like it!” [3]. Reflecting on his professional life, Will stated, 
“What are the rewards of so laborious a life? They cannot 
be measured, because there is no standard of comparison. 
To realize that one has devoted himself to the most holy of 
all callings, that without thought of reward he has alleviated 
the sufferings of the sick and added to the length and useful-
ness of human life, is a source of satisfaction money cannot 
buy…. The medical profession can be the greatest factor for 
good in America” [9].

Addressing the American Surgical Association on the 
occasion of his 70th birthday, Will made the following 
comments—once again paying tribute to his brother, and 
addressing the new generation of surgeons to follow. “…
Your chairman, in his kind remarks, has forgotten the most 
important factor in what I may have accomplished: that is, 
my association with my brother…Charlie (Fig. 3) has stimu-
lated me by precept and example, and our association has 
been unique not only in the love and confidence we have for 
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each other, but in having made an opportunity for two men 
to work as one and to share equally such rewards as have 
come. Even to this day, not only have our fraternal contacts 
been maintained, but also our habit of having a common 
pocketbook, in which each has wanted the other to have the 
greater share. And with due regard to the statement of a truth, 
my brother, Charles H. Mayo, is not only the best clinical 
surgeon from the standpoint of the patient that I have ever 
known, but he has that essential attribute of the true gentle-
man, consideration for others.” “Each day as I go through 
the hospitals surrounded by younger men, they give me of 
their dreams and I give them of my experience, and I get the 
better of the exchange…. I look through a half-opened door 
into the future, full of interest, intriguing beyond my power 
to describe, but with a full understanding that it is for each 
generation to solve its own problems and that no man has the 
wisdom to guide or control the next generation. It is a com-
fortable feeling, to be interested in what is to happen, but in 
bringing it about to be in no way responsible” [10].

On February 8, 1915, the Mayo Foundation for Medi-
cal Education and Research was incorporated, with funding 
amounting to US$ 1.5 million from the Mayos’. Four years 
later, the Mayos’ transferred the ownership of all the prop-
erties of the Mayo Clinic from the building itself down to 
the last test tube, case record, and pathological specimen in 
it, along with all accumulated cash and securities. By 1925, 
the properties were valued at US$ 5 million and securities at 
US$ 5.5 million [3].

May 26, 1939, newspapers reported “Dr. Charlie is dead” 
from pneumonia. Almost 2 months later to the day, on July 
28, Dr. Will died of stomach cancer. Their colleagues com-
mented, “We are too close to this grief to describe it…. True 
sorrow makes a silence in the heart” [3].
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In 1955, Robert M. Zollinger and Edwin H. Ellison 
described two patients with primary nonspecific jejunal 
ulcers associated with marked gastric hypersecretion and 
hyperacidity despite complete vagal resection and radical 
gastric resection [1]. The first patient suffered from compli-
cations of gastric hypersecretion, including recurrent mar-
ginal jejunal ulcers, gastrointestinal (GI) obstruction, and 
recurrent bleeding that eventually required total gastrectomy; 
the patient eventually succumbed to severe protein-calorie 
malnutrition and postoperative complications. A postmortem 
examination revealed 1-cm pancreatic islet-cell tumor at the 
tail of the pancreas. The second patient suffered from multi-
ple recurrent esophageal, gastroduodenal, and jejunal ulcers 
and underwent a subtotal, followed by a total gastrectomy, 
to control gastric hypersecretion. One small pancreatic-tail 
islet-cell tumor with capsular invasion was identified, and 
a lymph node with metastatic islet-cell tumor was removed. 
The authors described a diagnostic triad of “ulcerogenic 
potential” of these pancreatic islet-cell tumors that included 
(1) the presence of peptic ulcers in unusual locations or 
recurrent stomal ulcers following gastric surgery, (2) gastric 
hypersecretion despite adequate conventional and surgical 
therapy (at that time), and (3) the identification of nonspe-
cific pancreatic islet-cell tumors. The eponym Zollinger–
Ellison syndrome (ZES) was proposed by Dr. Ben Eiseman 
at the Society of University Surgeons meeting in February 
1956 to credit their discovery [2].

Since then, the understanding of gastrinoma and the 
 management of this rare disease have improved significantly 
because of the scientific contribution from a number of well-
known physicians and scientists [2]. These distinguished in-
dividuals (and their discoveries) include, but are not limited 
to: R. A. Gregory and H. J. Tracy (identification of gastrin, 

1960), L. O. Underdahl, Paul Werner, and S. Wells (multi-
ple endocrine neoplasia type I, 1953–1954), H. Oberhelman 
(duodenal gastrinoma, 1964), R. S. Yalow and S. A. Berson 
(immunoassay, 1960), J. McGuigan and W. L. Trudeau (de-
tection of gastrin by immunoassay, 1966), J. I. Isenberg (par-
adoxical effect of secretin on serum gastrin in patients with 
ZES, 1972), E. Passaro and B. Stabile (gastrinoma triangle, 
1984), Norman Thompson and J. Norton (importance of 
duodenotomy, 1989), R. T. Jensen (pharmacologic control of 
gastric acid hypersecretion), T. M. O’Dorisio and L. Kvols 
(role of somatostatin in neuroendocrine tumors; NETs).

Epidemiology

ZES is a rare disease caused by gastrinoma, the second 
most common functional pancreatic neuroendocrine tumor 
(PNET) following insulinoma [3]. The incidence of gastri-
noma in the USA is one to three cases per million individu-
als per year [4]. ZES accounts for 0.1–1 % of patients with 
peptic ulcer disease [4]. For all patients, there is a slight male 
predominance (1.3:1) with a mean age at onset of ZES of 41 
years. The onset of ZES in patients with multiple endocrine 
neoplasia type 1 (MEN1) occurs at an earlier age compared 
to that of sporadic ZES (mean age of 33.7 vs. 43.2 years) [5]. 
While most gastrinomas occur sporadically, approximately 
20–25 % of patients with ZES have underlying MEN1 [6, 
7, 8]. Gastrinoma is the most common functional NET in 
patients with MEN1, as half of patients with MEN1 have 
ZES. Thus, phenotypes of MEN1 must always be evaluated 
in patients with ZES [3].

Clinical Manifestation

Patients with gastrinoma typically present with symptoms 
of ZES as a result of acid hypersecretion. Historically, most 
patients presented with chronic diarrhea, refractory  peptic 
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ulcer disease, or complications of hyperacidity, such as 
GI hemorrhage, esophagitis and stricture, and peptic ulcer 
perforation [2, 5]. Since effective treatments for acid hyper-
secretion, such as histamine H2 receptor antagonists (H2Rs) 
and proton pump inhibitors (PPIs), have become widely 
available, “classic” presentation has been substantially re-
duced. At present, in most patients treated at the National 
Institutes of Health (NIH), ZES manifests with symptoms 
of abdominal pain from peptic ulcer disease and diarrhea 
(70 %), gastroesophageal reflux disease (44 %), nausea 
(33 %), vomiting (25 %), and weight loss (17 %) [5]. Chronic 
diarrhea is the only manifestation in 3–10 % of patients [5, 
9]. Because the clinical presentation often overlaps with 
common GI symptoms in other diseases, misdiagnosis and 
delay in diagnosis are common. Thus, a high index of suspi-
cion is required for early diagnosis of ZES.

Although widespread use of effective antisecretory 
agents (e.g., PPIs) decreases the complications from acid 
hypersecretion, this type of treatment may increase delayed 
diagnosis. Ellison and Sparks reported an increased rate of 
patients presenting with metastatic gastrinoma during times 
when PPIs were widely used (55 %) as compared to the prior 
decade (29 %) [10].

Patients with MEN1 syndrome and gastrinoma can pres-
ent with synchronous or metachronous endocrinopathy such 
as primary hyperparathyroidism (90–99 %), pituitary tumors 
(30–40 %), GI NETs and PNETs (30–70 %), adrenocortical 
tumor (40 %), bronchopulmonary NETs (2 %), thymic NETs 
(2 %), and gastric NETs (10 %) [11].

Despite increased awareness of ZES, diagnosis is still 
often delayed. Several features should lead the physician to 
suspect ZES and reduce the delay in diagnosis: (1) the com-
bination of abdominal pain, diarrhea, and weight loss, (2) 
recurrent or refractory ulcers, (3) hypertrophic gastric rugal 
folds as the result of chronic gastrin stimulation documented 
on endoscopy, and (4) GI symptoms with or without ulcers 
occurring in a MEN1 patient. Patients with any of these 
symptoms should have a fasting serum gastrin evaluation, 
while off PPIs, for a minimum of 72 h and possibly up to 7 
days [2].

Diagnosis

Gastrinoma is a neuroendocrine neoplasm arising in the duo-
denum and pancreas and is composed of epithelial cells with 
neuroendocrine differentiation. Histologically, these tumor 
cells typically have round to oval nuclei with “salt and pep-
per” chromatin. Most gastrinomas are well differentiated and 
have a trabecular and pseudoglandular or nesting pattern. All 
gastrinomas have positive gastrin staining by immunohis-
tochemistry (Fig. 1) [7]. Well-differentiated NETs are com-
monly characterized by expression of Chromogranin A and 

synaptophysin as seen by immunohistochemistry (Fig. 1) 
[12].

Once a diagnosis of ZES is suspected, the initial workup 
should include an evaluation of gastric acid hypersecretion 
and fasting serum gastrin levels. Because PPIs inhibit acid 
secretion, serum gastrin is commonly elevated as physiolog-
ic response to lowered intraluminal acidity. Therefore, PPIs 
and H2Rs should be held for 1 week and 2 days, respectively, 
if tolerated by the patient [2]. However, ZES patients can 
develop complications from acid hypersecretion and peptic 
ulcer disease during withdrawal from PPIs or H2-blockers; 
therefore, caution should be used when discontinuing these 
agents [13]. It is prudent to wait until peptic ulcer disease 
is significantly improved before holding PPIs or H2Rs for 
evaluation of serum gastrin. Patients with no active peptic 
ulcer disease can be treated with a high-dose H2-blocker 
while PPI is withdrawn for 3–7 days, then H2Rs should be 
stopped for 24 h to assess gastric acidity and fasting serum 
gastrin [14–17].

Criteria to diagnose ZES include (1) a fasting gastrin 
more than ten-fold higher than normal with a gastric pH less 
than 2 (40 % of patients) or (2) a fasting gastrin less than 
ten-fold, of upper limit of normal, gastric pH less than 2, 
and a positive secretin-stimulation test or gastric hypersecre-
tion (60 % of patients). A positive secretin-provocative test 
(> 120 pg/ml increase) is frequently used to establish the di-
agnosis of ZES in questionable cases and has a sensitivity 
of 94 % and specificity of 100 % [18]. The later studies are 
needed in patients with less than a tenfold elevation of ZES, 
because a number of other diseases can also result in hyper-
chlorhydria/hypergastrinemia in this range, including Heli-
cobacter pylori infections, renal failure, antral hyperplasia/ 

Fig. 1  Histology of grade 1, well-differentiated, duodenal neuroendo-
crine tumor (gastrinoma) from a patient with MEN1-associated ZES. 
a Hematoxylin and eosin stain. b Immunohistochemistry for gastrin. c 
Chromogranin A. d Synaptophysin. MEN1 multiple endocrine neopla-
sia type 1, ZES Zollinger–Ellison syndrome
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hyperfunction, retained antrum syndrome, and extensive 
small bowel  resections.

A negative secretin stimulation test is extremely rare in 
patients with ZES. If the secretin test is negative, but there 
is still a suspicion of ZES, either a repeated secretin stimula-
tion test or a calcium stimulation test can be performed. The 
calcium stimulation test is used less commonly, as it is less 
sensitive (63 vs. 94 %) and has the potential for serious side 
effects from the intravenous infusion of calcium [18].

Because of the challenges in diagnosing patients with 
ZES and the potential complications from PPI withdrawal, 
the best approach may be to refer the patient to an institution 
with experience in ZES diagnosis [15, 16, 19].

Tumor Localization

The location of the gastrinoma and the extent of the disease 
are crucial for the management of ZES. Approximately, 80 % 
of gastrinomas are located within the “gastrinoma triangle,” 
which is defined by (1) the junction of the cystic and com-
mon bile ducts superiorly, (2) the junction of the second and 
third part of the duodenum inferiorly, and (3) the junction of 
neck and body of pancreas medially (Fig. 2) [20, 21]. Gas-
trinomas are frequently located in the duodenum (60 %), es-
pecially in patients with negative imaging studies. However, 
hepatic metastasis is more common when tumors are located 
to the left of the superior mesenteric artery, compared to 
those in the triangle [22].

Although thin-sectioned computed tomography (CT) and 
magnetic resonance imaging with contrast enhancement are 
the most commonly used preoperative localization studies 
because of widespread availability, the sensitivity of these 

modalities depends on the size of the lesions. Tumors less 
than 1 cm can be missed by cross-sectional imaging studies 
[16, 23]. Most authors recommend a biphasic or triphasic 
imaging protocol or pancreatic protocol [24]. Somatosta-
tin receptor scintigraphy (SRS) in the USA is commonly 
performed using 111 indium-labeled somatostatin ana-
logues with single-photon emission computed tomography 
(SPECT). Cross-sectional imaging studies detect 30–50 % of 
small primary gastrinomas (less than 1–2 cm) and 60–70 % 
of liver metastasis, whereas SRS with 111 indium-labeled 
somatostatin analogues has slightly higher sensitivity, at 
60–70 % and 85–95 %, respectively [25–27]. The sensitivity 
of SRS using 111 indium is dependent on tumor size; 96 % of 
tumors larger than 2 cm could be detected, but, in one study, 
SRS missed a third of gastrinomas identified at surgery [28]. 
Recently, 68 gallium-labeled somatostatin analogues with 
positron emission tomography have been shown to be more 
sensitive than traditional 111 indium-labeled somatostatin 
analogues in detecting small NETs, including gastrinoma 
(Fig. 3) [29, 30]. Thus, this technique is likely to gain wide 
acceptance as the imaging procedure of choice for identi-
fying NETs. This imaging is currently available in several 
centers in Europe and a few centers in the USA, including 
the NIH.

Endoscopic ultrasound (EUS) has a high sensitivity for 
detection of pancreatic gastrinoma, ranging from 75 to 93 %, 
and enlarged peripancreatic lymph nodes [31]. However, the 
sensitivity of EUS for detection of duodenal gastrinomas is 
lower, ranging from 11 to 50 % [31]. The procedure allows 
cytologic evaluation of primary tumors as well as lymph 
nodes. Selective arterial secretagogue injection (SASI) test 
(with either secretin or calcium) and portal venous sampling 
was first described by Imamura et al. in 1987 to localize 
gastrinoma [32]. This test regionalizes the location of gas-
trinomas by selectively injecting secretagogue into arterial 
branches supplying the pancreas and duodenum and mea-
suring the gastrin level by collecting venous samples from 
portal veins. A blush of contrast from angiography can reveal 
the location of NET as it is often very well vascularized. A 
step up in gastrin level helps localize the gastrinoma within 
the area supplied by the corresponding artery [33]. Although 
SASI has high sensitivity in localizing sporadic gastrinomas 
(86 %) and MEN1-associated gastrinomas (81 %) [34], it 
is used infrequently at present as other less invasive tests 
have improved diagnostic accuracy, and intraoperative ma-
neuvers, such as intraoperative ultrasound, intraluminal illu-
mination, and bimanual palpation, can successfully identify 
localized gastrinomas that preoperative localizing studies 
miss [34].

Ectopic gastrinomas have been reported in the stomach 
[35], heart [36], ovary [37], liver [38], kidney [39], and bile 
duct [40]. Excision of such lesions may cure ZES and is as-
sociated with long-term survival.

Fig. 2  Gastrinoma triangle. a The junction of cystic and common bile 
duct. b The junction of pancreatic neck and body. c The junction of 
second and third part of duodenum
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Classification

Prior to recent standardized nomenclature, NETs comprised 
various entities based on organ of origin, mechanism of de-
velopment, function, histologic pattern, and biological be-
havior. These entities include carcinoid tumor, pancreatic 
islet-cell tumor, NET, and carcinoma. Recently, a number 
of organizations such as the World Health Organization 
(WHO), the European Neuroendocrine Tumor Society 
(ENETS), and the American Joint Committee on Cancer 
(AJCC)/Union for international Cancer Control (UICC) have 
developed standardized guidelines to classify NETs [41–47]. 
While differences in parameters exist among the classifica-
tion systems, there is considerable overlap in the essential 
information used in each system; proliferative index is a 
fundamental characteristic used in grading system. While in 
concept, tumor grade and level of differentiation are related, 
subtle differences exist [45]. Tumor grade refers to inherent 
biological aggressiveness, whereas differentiation refers to 
the extent to which tumor cells retain or recapitulate non-
neoplastic cellular features. For example, well-differentiated 
neuroendocrine neoplasms (grade 1 or grade 2 NETs) retain 
morphology similar to nonneoplastic neuroendocrine cells, 
including the presence of nesting, trabecular or organoid 
pattern, and strong expression of neuroendocrine differen-
tiation makers such as Chromogranin A and synaptophysin. 
Ki-67-positive cells in grade 1 and grade 2 NETs are usu-
ally less than 20 %. In contrast, poorly differentiated NETs 
have less resemblance and are less organized than normal 
neuroendocrine cells. Proliferative index (Ki-67) in poorly 
differentiated NETs is frequently greater than 20 %, while 
immunostaining for neuroendocrine markers are often not 
avid and may only have focal staining [48].

Proliferative rate is typically assessed by performing mi-
totic count or by calculating the percentage of tumor cells 
that stain positive for Ki-67 expression. In 2010, the WHO 
incorporated proliferative indices such as mitotic count and 
Ki-67 expression as criteria to classify and consolidated all 
NETs into three groups: (1) well-differentiated NET grade 
1 (mitotic count per 10 HPF < 2, Ki-67 < 2 %), (2) well-dif-
ferentiated NET grade 2 (mitotic count per 10 HPF = 2–20, 
Ki-67 = 3–20 %), and (3) poorly differentiated neuroendo-
crine carcinoma grade 3 of small and large cell type (mitotic 
count per 10HPF > 20, Ki-67 > 20 %; Table 1).

To further improve prognostic stratification of WHO clas-
sification for NETs, ENETS includes site-specific tumor, 
node, metastasis (TNM)-classifications, in addition to a 
three-tiered tumor grading system based on mitotic count 
and Ki-67 activity for GI and PNETs (see below) [42, 43].

An informative pathological report that aids in risk strati-
fication should include diagnosis, tumor size, extent of pri-
mary tumor invasion, including lymphovascular, perineural 
invasion, resection margins, presence of necrosis, lymph 
node or distant metastases, tumor grade and differentiation, 

Table 1  Grading criteria for gastrointestinal and pancreatic neuroen-
docrine tumors by WHO and ENETS classifications
Tumor grade Proliferative indices

Mitotic count (per 10 
HPF)

Ki-67 activity (%)

Grade 1 (low grade) < 2 < 3
Grade 2 (intermediate 
grade)

2–20 3–20

Grade 3 (high grade) > 20 > 20
HPF high-power field, WHO World Health Organization, ENETS 
European Neuroendocrine Tumor Society

Fig. 3  Preoperative imaging 
studies in a patient with MEN1-
associated ZES and metastatic 
neuroendocrine tumor. a 111 In 
somatostatin analogue scintig-
raphy demonstrated an avid left 
lung nodule with no other sites 
of disease. b 68-Ga DOTATATE 
scintigraphy demonstrates 
multiple abdominal-avid nodules, 
in addition to left lung nodule. 
c 68-Ga DOTATATE positron 
emission test/computed tomog-
raphy revealed multiple, avid, 
paraduodenal lymph nodes and 
duodenal lesions. d Correspond-
ing arterial phase of contrast-
enhanced computed tomography. 
MEN1 multiple endocrine neopla-
sia type 1, ZES Zollinger–Ellison 
syndrome
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immunohistochemical staining for NETs, and proliferative 
rate (Ki-67 or mitotic count), as well as TNM staging [48].

Molecular Biology of Gastrinoma

The exact origin of the cells that give rise to pancreatic gastri-
nomas remains controversial. Some suggest that pancreatic 
gastrinomas may originate from islet and/or ductal cells [49, 
50]. Duodenal gastrinomas originate from duodenal G cells. 
In patients with MEN1 or Werner’s syndrome, an increase 
in duodenal G-cell proliferation was observed concomitantly 
with loss of heterozygosity at the MEN1 locus (11q13) [50, 
51]. The most common inherited syndrome associated with 
gastrinoma is MEN1, an autosomal-dominant syndrome 
caused by inactivating mutations in MEN1 gene that result 
in an alteration of menin protein. Germ-line mutation of this 
tumor suppressor gene is identified in 70–90 % of affected 
members of MEN1 families [52]. Because MEN1 syndrome 
can be diagnosed clinically in patients with two or more 
clinical features of MEN1 (pituitary tumor, pancreatic and/
or duodenal NET, hyperparathyroidism), negative germ-line 
mutation does not exclude the diagnosis of MEN1 syndrome 
as the affected individual may have large intronic mutations 
that are not recognized by polymerase chain reaction [53, 
54]. The importance of MEN1 tumor suppressor gene is fur-
ther highlighted by the observation that 33–44 % of sporadic 
GI-PNETs harbor somatic inactivating mutations of MEN1 
[55–57], that result in a loss of menin protein expression or 
an expression of truncated menin protein.

Menin is a 610-amino acid protein that is typically lo-
cated in the nucleus but is also detected in cytoplasm and 

around telomerases [58, 59]. Menin binds to double-strand-
ed DNA in a sequence-independent manner via its C-ter-
minal region. Menin normally regulates transcription by 
 stabilizing or modifying histone proteins ultimately result-
ing in inhibition of cell division [60]. The loss of a direct 
DNA binding by menin results in a failure to repress cell 
proliferation and cell-cycle progression [61] Menin inter-
acts with numerous proteins, such as transcription factors, 
DNA repair factors, and cytoskeletal proteins. The first 
menin-interacting protein partner identified was JunD; in-
teraction of menin with JunD forms a growth-suppressor 
complex [62]. Deacetylation of histones is an essential 
mechanism of repression. Molecularly, MEN1 syndrome 
can be visualized by the role of menin in direct regulation 
of cyclin-dependent kinase (CDK) inhibitors p27 and p18 
expression. Menin activates transcription by a mechanism 
involving recruitment of mixed-lineage leukemia (MLL) 
protein, a histone methyltransferase, to the p27 and p18 
promoters and coding regions. Loss of menin function from 
inactivating mutations in MEN1 results in downregulation 
of p27 and p18 expression, and thereby cell-cycle dysregu-
lation resulting in abnormal cell growth and tumorigenesis 
in neuroendocrine cells [62]. There are over 25 proteins that 
interact with menin; however, the significance of all of these 
interactions for the development of NETs is largely unclear 
[63]. Functions of menin and interactions with JunD and 
MLL are shown in Fig. 4.

Multiple genetic alterations have been described in spo-
radic NETs. In addition to MEN1 gene mutations, which 
commonly occur in sporadic NETs (up to 44 %), two other 
common mutations are death-domain associated protein 
( DAXX; 25 %) and alpha thalassemia/mental retardation 

Fig. 4  The function of menin 
in transcription regulation by 
stabilizing or modifying histone 
proteins. a Menin interacts with 
JunD which binds to DNA and 
represses JunD-mediated tran-
scription by recruiting histone-
deacetylating protein complex. b 
Menin is a component of histone 
methyltransferase complex and 
interacts with MLL1 and MLL2. 
MLL and menin regulate expres-
sion of CDK inhibitors (p18 and 
p27). MLL mixed lineage leuke-
mia, CDK cyclin-dependent ki-
nase, HDAC histone deacetylase, 
HMT histone methyltransferase, 
RNA Pol II RNA polymerase II
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syndrome X-linked ( ATRX; 18 %) encode two subunits of 
a  transcription and chromatin remodeling complex [55]. 
DAXX and ATRX proteins interact and both associate with 
histone H3 machinery to deposit the histones on the DNA. 
Both proteins are required for histone H3 incorporation at 
telomeres, a function that might be important for maintain-
ing genome stability [55, 63].

Clinically, mutations in MEN1 and DAXX/ATRX genes 
are associated with a better prognosis. Patients with muta-
tions in both MEN1 and DAXX/ATRX survived at least 10 
years, whereas patients lacking these mutations died within 
5 years of diagnosis [55]. However, a recent study described 
the association of loss of DAXX or ATRX protein and alter-
native lengthening of telomeres with chromosomal instabil-
ity, tumor stage, metastasis, reduced recurrent-free survival, 
and tumor-associated survival [64].

Approximately, 15 % of sporadic NETs have muta-
tion in the genes involved in phosphoinositide 3-kinase/
Akt/mammalian target of rapamycin (PI3K/Akt/mTOR) 
signaling pathway such as PTEN (7 %), TSC2 (9 %), and 
PI3KCA (1.4 %) [55]. Both Akt and mTOR play impor-
tant role in multiple cellular processes including cellular 
proliferation, survival, and migration as well as glucose 
metabolism. Microarray expression profiling of PNETs 
showed downregulation of PTEN and TSC2, tumor sup-
pressors involved in PI3K/Akt/mTOR signaling pathways, 
in the majority of primary PNETs [65]. In addition, lower 
expression was associated with shorter disease-free and 
overall survival [65]. These findings suggest that activa-
tion of PI3K/Akt/mTOR signaling pathway contributes to 
the development and behavior of NETs. Jiao et al. dem-
onstrated that all PTEN-mutated tumors have secondary 
mutation of MEN1 and/or DAXX, suggesting that dysregu-
lation of multiple pathways may be involved in the devel-
opment of sporadic PNETs [55].

Most GI-NETs and PNETs exhibit a high degree of vas-
cularization. Pancreatic islet cells express high levels of 
proangiogenic proteins, such as vascular endothelial growth 
factor (VGEF), a factor that is critical for islet microvascula-
ture and islet-cell function [66–68]. Other proteins including 
platelet-derived growth factor, c-kit, and those in the mTOR 
and hypoxic-induced factor 1 (HIF-1) pathways have a sig-
nificant role in angiogenesis of NETs [69].

A unique feature specific to NETs is that low-grade be-
nign-appearing PNETs exhibit higher microvascular density 
than high-grade tumors. In addition, unlike most epithelial 
tumors and carcinomas, higher microvascular density is 
associated with a survival benefit and better prognosis in 
PNETs [70]. However, high-grade PNETs still have activa-
tion of key regulatory pathways involved in hypoxic signal-
ing and angiogenesis [69].

Treatment

Medical Control of Gastric Acid Hypersecretion

The most important initial treatment for a patient with ZES is 
to adequately control gastric hypersecretion with antisecre-
tory drugs. PPIs, such as omeprazole, esomeprazole, rabe-
prazole, pantoprazole, and lansoprazole, are the medications 
of choice because of their potency and effectiveness as well 
as their long half-life that allows daily or twice-daily dosing 
[15, 23]. For treatment of ZES, the recommended dose for 
omeprazole, lansoprazole, and rabeprazole is 60 mg daily. 
The maximum dose varies based on response to treatment 
but can be as high as 240 mg per day in a divided dose. A 
divided dose is recommended once the required dosage to 
control the acid hypersecretion exceeds 120 mg per day. 
The recommended dose of pantoprazole and omeprazole is 
40 mg twice daily with a maximum dose of 240 mg per day 
in a divided dose [2]. Intravenous PPIs are the treatment of 
choice in patients who cannot tolerate oral PPIs because of 
GI obstruction, ileus, vomiting, or postoperative restriction; 
PPIs, such as intravenous (IV) pantoprazole, can be admin-
istered twice daily, whereas a high-dose of IV H2Rs must be 
given continuously [71].

Long-term PPI treatment in patients with ZES is well 
tolerated with minimal side effects and has great compli-
ance. The long-term complications include malabsorption 
of vitamin B12, iron, and calcium due to hypo or achlor-
hydria [71–73]. Patients who are on long-term PPI treat-
ment should have their vitamin B12 checked periodically. 
Although not specific to patients with ZES, long-term use 
of PPIs is associated with increased risk of bone fractures 
[73, 74]. Unlike animal studies, prolonged exposure to hy-
pergastrinemia in humans does not increase the incidence 
of gastric NETs (previously known as gastric carcinoids), as 
patients with sporadic ZES rarely develop gastric NETs [71, 
75]. In contrast, gastric NETs develop in 23 % of patients 
with MEN1-associated ZES [76] and are not uncommon in 
chronic atrophic gastritis/pernicious anemia [77], suggesting 
that an accompanying defect may be needed in humans, such 
as loss of MEN1 or the presence of chronic atrophic gastritis, 
at least for the short-term development of gastric carcinoids 
(< 10 years).

Surgical Treatment for Localized Gastrinoma

Sporadic Gastrinoma

The goal of surgery is to provide biochemical cure (normal-
ized fasting serum gastrin and negative secretin stimulation 
test), prevent disease progression, and prolong survival. 
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The impact of surgery depends on the stage of the tumor. 
Preoperative imaging studies localize primary gastrinoma 
in 60–70 % of patients. Surgical exploration should be of-
fered to patients with sporadic gastrinoma even in those with 
negative preoperative localizing studies; however, primary 
gastrinoma may not be found in 15 % of these patients [2]. A 
recent study suggests that an experienced surgeon will find 
a gastrinoma in 98 % of patients, and 46 % will be cured in 
patients with negative preoperative imaging studies [78]. In 
this study, patients with negative imaging had a significantly 
longer delay from the onset of ZES to surgery compared 
with those with positive localizing studies (mean delay of 
7.9 years), and 7 % of patients had liver metastases at the 
time of surgery [78]. In addition, patients with negative im-
aging studies had higher rates of duodenal gastrinoma and 
longer survival [78]. Surgical exploration should include (1) 
a wide Kocher maneuver to facilitate thorough examination 
of the head of the pancreas, uncinated process, and duode-
num; (2) mobilization of the body and tail of the pancreas for 
bimanual palpation; (3) intraoperative ultrasound; (4) duo-
denal transillumination and duodenotomy for exploration of 
duodenal mucosa; and (5) removal of lymph nodes in the 
gastrinoma triangle.

Duodenotomy is indicated in all patients undergoing sur-
gery for ZES and was first highlighted by N. W. Thompson. 
Duodenotomy is the most effective method of identifying 
duodenal gastrinomas, which represent 60 % of gastrinomas 
[79]. Biochemical cure increased from 30 to 60 % with duo-
denotomy and removal of duodenal gastrinoma [80, 81]. The 
choice of operation (enucleation versus anatomical resec-
tion) for pancreatic gastrinoma depends on the location of 
tumor and the proximity to pancreatic duct. Enucleation is 
the procedure of choice for superficial tumors or tumors that 
are not close to pancreatic duct. Systematic lymphadenec-
tomy with retrieval of ≥ 10 lymph nodes during initial sur-
gery may reduce the risk of persistent disease and improve 
survival [82].

MEN1-Associated Gastrinoma
It has been well accepted that patients with MEN1-associated 
ZES who have primary hyperparathyroidism should undergo 
parathyroidectomy first to reduce gastrin stimulation from 
hypercalcemia [2]. On the other hand, the role of surgery in 
MEN1-associated gastrinoma continues to be controversial. 
Several studies have revealed that > 85 % of patients with 
MEN1-associated ZES have multiple duodenal gastrino-
mas that often are small (< 0.5 cm.) and are associated with 
lymph node metastasis in 40–60 % of patients [7, 34, 83]. 
Because biochemical cure in these patients is unlikely [34], 
and medical control of gastric acid hypersecretion is very ef-
fective, timing of surgical intervention and the extent of sur-
gery are the subjects of ongoing debate because of the lack 

of prospective, controlled data. Some authors suggest that a 
cure can only be achieved by performing a pancreaticoduo-
denectomy; however, many of these studies lack long-term 
follow-up and inconsistent utilization of secretin stimulation 
testing [2, 7, 84]. Although pancreaticoduodenectomy pro-
vides a good chance for biochemical cure for gastrinoma in 
patients with MEN1 syndrome, recent guidelines by Thakker 
et al. do not recommend this procedure because of associ-
ated morbidities and because lesser operations in these pa-
tients are associated with excellent long-term survival [11]. 
Thompson et al. reported eugastrinemia in 68 % of patients 
with MEN1-associated ZES undergoing aggressive targeted 
resection, which included a distal pancreatectomy, enucle-
ation of any head, uncinate, and duodenal tumors as well as 
peripancreatic lymphadenectomy (the Thompson procedure) 
[85]. Less extensive surgery that focuses on identified lesions 
(enucleation or segmental resection of involved pancreas, 
with peripancreatic and periduodenal lymphadenectomy) 
has been currently used by groups at the NIH and the Ohio 
State University [86]. The rationale supporting this approach 
includes the indolent course of ZES in patients with MEN1, 
and the observation that most patients have longevity with-
out undergoing radical resection that can decrease quality of 
life because of short- and long-term complications. Further-
more, a survival benefit can be achieved when no residual 
tumor is grossly visualized without normalization of post-
operative gastrin [86]. The role of surgery for patients with 
MEN1-associated gastrinoma is largely determined by pre-
operative imaging studies. Surgery should be considered if 
lymph node metastasis is suspected, even in the absence of 
distant metastasis. While previous reports from the NIH rec-
ommended surgery in patients with tumors > 2–2.5 cm [87, 
88], others do not use size to determine the time of interven-
tion and consider surgery if localizing studies identify suspi-
cious lesion(s) [2].

Treatment of Advanced, Metastatic Gastrinoma

Despite indolent clinical course, most gastrinomas are ma-
lignant, and the disease recurrence or progression occurs 
in 40–60 % of patients with sporadic disease, while most 
MEN1-associated ZES will not be cured surgically [2, 23]. 
Because effective treatments are available to control symp-
toms from hormonal overproduction, the treatment strategy 
for patients with advanced or metastatic gastrinoma (and 
other NETs) should target tumor progression both locore-
gionally and systemically. Because of the rarity of ZES, 
most studies that have patients with advanced gastrinoma 
include all other different kinds of PNETs since the treat-
ments for advanced PNETs are similar. The presence of liver 
metastasis is one of the most important prognostic factors 
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in patients with ZES. The 10-year survival for patients with 
diffuse metastatic gastrinoma in the liver ranges from 15 to 
35 % [86, 89, 90].

Fasting serum gastrin levels greater than 700 pg/ml are 
associated with poor survival; only 20 % of patients survive 
10 years compared with 100 % of patients with a fasting gas-
trin levels less than 700 pg/ml [91]. Other factors associated 
with a poor survival for PNETs are extensive liver metastasis 
(> 70–75 % of liver volume involved), polyhormonal secre-
tion (particularly adrenocorticotropic hormone; ACTH), ex-
trahepatic metastases (in particular, bone metastases), and an 
unresected primary tumor.

There are several treatment modalities available for pa-
tients with advanced PNETs, including gastrinoma, such 
as cytoreductive surgery, liver-directed therapy (radiofre-
quency ablation (RFA), embolization, chemoembolization, 
or radioembolization), liver transplantation, biotherapy (so-
matostatin analogues, interferon alpha), targeted-molecular 
therapy (everolimus and sunitinib), and peptide receptor ra-
dionuclide therapy (PRRT).

Cytoreductive Surgery
The benefit of cytoreductive surgery in patients with meta-
static gastrinoma is difficult to assess because most series 
combine PNETs, including gastrinoma and carcinoid tu-
mors. In addition, there have been no case–control studies, 
and selection bias in retrospective studies can be a contribut-
ing factor for survival benefit. It is important to confirm that 
surgical candidates have (1) well-differentiated NETs (G1 or 
G2), (2) no extra-abdominal metastasis, and (3) no diffuse 
or unresectable peritoneal carcinomatosis. It is generally ac-
cepted and recommended by ENETS that cytoreductive sur-
gery can result in long-term survival in selected cases, and a 
survival benefit has been reported when at least 90 % of visi-
ble metastatic tumors are removed or ablated [2, 92–94]. Re-
section of the primary tumor, in the presence of unresectable 
liver metastasis, may be considered to avoid local compli-
cations such as intestinal obstruction, mesenteric retraction, 
and hemorrhage. If surgery is indicated, a cholecystectomy 
may be considered to prevent ischemic complications of the 
gallbladder following (chemo)embolization. Gallstones are 
less frequently observed with somatostatin analogue SSA 
therapy than previously expected, thus preventive cholecys-
tectomy may not necessarily be required [92].

Liver-Directed Therapy
The indication for liver-directed therapy in patients with 
metastatic gastrinoma is usually progressive liver involve-
ment, since ZES and gastric acid hypersecretion can be well 
managed medically. There are several modalities of liver-
directed therapy for patients with advanced NETs. Percuta-
neous RFA or intraoperative RFA uses the thermal energy 
to ablate the tumor. Despite a high response rate of  ablated 

tumor  (80–95 %), it remains unclear if patient survival is 
comparable to medical therapy or palliative liver resection 
due to lack of randomized clinical trials. Because most he-
patic metastasis from NETs have abundant blood supply 
from the hepatic artery, a selective hepatic artery emboliza-
tion using a coil or beads coated with a chemotherapeutic 
agent or radioactive material is a good option for patient with 
bi-lobar liver metastasis and/or large tumors (> 5 cm), situ-
ations which are considered unsuitable for RFA. Post-em-
bolization complications are not uncommon. These include 
tumor necrosis and abscess, gallbladder necrosis, pancreati-
tis, and hepatic transaminitis.

The choice of an ablative procedure (RFA, chemoembo-
lization, radioembolization, etc.) depends on the experience 
of the operator, location(s), number, and size of the tumors. 
Recurrence and progression after RFA for metastatic NET 
are common (60 % in 10-month follow-up) [95].

Biotherapy
This includes somatostatin analogues and/or interferon. 
These agents have a tumoristatic effect and result in disease 
stabilization in 40–80 % of patients, while less than 15 % 
of tumor response rate [92, 96]. The clinical benefit of the 
antiproliferative effect of somatostatin analogues in patients 
with advanced gastrinoma or PNETs is unknown. A prospec-
tive, randomized, double-blind study in GI midgut carcinoid 
tumors (PROMID trial) using long-acting octreotide dem-
onstrated a significantly longer time to tumor progression in 
the treatment group (14.3 vs. 6 months) [97]. The ENETS 
2012 guidelines conclude that somatostatin analogues may 
provide some benefit in patients with advanced well-differ-
entiated PNETs and that interferon should be considered in 
those patients if the PNET is somatostatin-receptor negative 
[92]. The Controlled Study of Lanreotide Antiproliferative 
Response in Neuroendocrine Tumors (CLARINET) trial has 
been designed to assess the benefit of somatostatin analogue 
in patients with advanced nonfunctioning GI-NETs and 
PNETs. Lanreotide was associated with significantly pro-
longed progression-free survival (median progression-free 
survival, not reached vs. 18.0 months, p < 0.001), compared 
to placebo. The estimated rates of progression-free survival 
at 24 months were 65 % in the lanreotide group and 33 % in 
the placebo group [98].

Molecular-Targeted Therapy
Everolimus and sunitinib are currently approved treatment 
options for progressive, locally advanced, or metastatic well-
differentiated PNETs, including gastrinoma. Although tumor 
remission is rare, 60–80 % of patients experience disease sta-
bilization [92]. The use of everolimus for PNETs has been 
approved by Food and Drug Administration (FDA) based 
on a large ( n = 410) prospective, randomized, placebo-con-
trolled phase III trial that demonstrated significantly longer 
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progression-free survival in the treatment group (11.0 vs. 
4.6 months) [99]. However, no difference in overall survival 
was observed, likely because of the crossover. Everolimus 
has an acceptable safety profile and may be considered as 
the first-line therapy in select patients with advanced well-
differentiated (low or intermediate grade) PNETs. The most 
frequent side effects included stomatitis (64 %), rash (49 %), 
and diarrhea (34 %), and the most frequent grade 3/4 side 
effects were stomatitis (7 %), anemia (6 %), and hyperglyce-
mia (5 %) [99].

Sunitinib is an FDA-approved, multiple tyrosine kinas 
inhibitor for patients with progressive, well-differentiated 
PNETs. Raymond et al. conducted a prospective, random-
ized, placebo-controlled phase III trial that evaluated pro-
gression-free survival, objective response rate, and overall 
survival in patients receiving sunitinib [100]. The study was 
discontinued early after 171 patients were accrued (target ac-
crual: n = 340), because the primary endpoint of the study, 
progression-free survival, was superior in the sunitinib arm 
with 11.1 months compared to 5.5 months in the placebo. In 
addition, overall survival was significantly better in patients 
receiving sunitinib. The objective remission rate was less 
than 10 %. The most frequent side effects included diarrhea 
(59 %), nausea (45 %), vomiting (33 %), asthenia (33 %), and 
fatigue (32 %). Adverse events were rarely grade 3 or 4 and 
included hypertension (10 %) and neutropenia (12 %) as the 
most frequent serious side effects [100]. Similar to everoli-
mus, sunitinib may be considered as a first-line therapy in 
selected cases.

Systemic Chemotherapy
Systemic cytotoxic agents are indicated in patients with pro-
gressive, metastatic, well-differentiated PNETs, especially 
with inoperable liver metastasis. Chemotherapy is the first-
line treatment for poorly differentiated neuroendocrine car-
cinoma (G3) [92]. Streptozotocin in combination with 5-flu-
orouracil and/or doxorubicin remains an important treatment 
in patients with metastatic gastrinomas [101]. While this 
regimen produces a response rate of 20–45 %, and there is no 
durable, long-term remission, side-effects, especially neph-
rotoxicity, are not uncommon. A recent study in 30 patients 
with metastatic PNETs demonstrated that 70 % of patients 
receiving a combination of temozolomide and capecitabine 
had partial response with a median progression-free survival 
of 18 months and 2-year overall survival of 92 % [102]. Ad-
ditional studies are required to confirm the effectiveness of 
this regimen, and the efficacy in patients with metastatic gas-
trinoma remains to be proven.

Peptide Receptor Radionuclide Therapy (PRRT)
PRRT is a promising treatment that targets NETs that ex-
press somatostatin receptor in patients with advanced dis-
ease using Yttrium 90 or 177 Lutetium-labeled DOTATOC, 

or DOTATATE. Based on several small, retrospective phase 
II trials, PRRT resulted in a partial response rate that ranged 
from 0 to 37 %. The response rate is higher for PNETs than 
midgut NETs [103–106]. Bushnell et al. conducted a pro-
spective, multicenter, phase II trial of 90 Y-DOTATOC and 
found that 4 % of patients had a partial response, and the 
disease stabilization rate was 70 % [106]. A prospective, 
randomized clinical trial to assess the benefit of PRRT in 
patients with advanced NETs is currently in progress. The 
use of PRRT should be considered in patients with advanced 
NETs after failing first-line medical therapy. The presence of 
somatostatin receptor as demonstrated by somatostatin re-
ceptor imaging is a prerequisite for the use of PRRT. Most 
patients tolerate the treatment well. Serious side effects in-
clude severe bone marrow disease (acute myelogenous leu-
kemia, myelodysplastic syndrome; both in patients with and 
without prior chemotherapy). Kidney failure and liver failure 
occur in 3–5 % of patients [103, 104].

Staging and Prognosis

The seventh edition of the AJCC cancer staging manual and 
ENETS staging both use TNM system and have included 
staging parameters for NETs of all sites. Because most gas-
trinomas are in either the duodenum or the head of the pan-
creas, the staging system discussed here will be for duodenal 
and PNETs. Although the TNM staging of duodenal NET is 
similar between the AJCC/UICC system and ENETS system 
(Table 2), there is a notable difference between the two stag-
ing systems for PNET in the extent of tumor (T2 and T3; 
Table 3).

In general, gastrinomas have indolent clinical course 
with a combined 5-year survival rate of 65 % and a 10-year 
survival rate of 51 % [108]. Even with metastatic disease, a 
10-year survival of 46 % (lymph node metastases) and 40 % 
(liver metastases) has been reported with complete tumor 
resection have 5- and 10-year survivals of 90–100 % [108].

In contrast to a very-low-cure rate in MEN1-associated 
gastrinoma, postoperative cure can be achieved in 60 % of 
patients with sporadic gastrinoma. Disease recurs in 23 % of 
patients, thus the 5-year cure rate is 40 %, and the 10-year 
cure rate is 34 %. Ten-year overall survival was 94 % in a 
large surgical series [34].

Surgical resection of gastrinoma improves disease-specif-
ic survival in patients with sporadic disease. Norton et al. 
compared the outcome in 160 patients with ZES (21 % had 
MEN1) who underwent surgery for gastrinoma with curative 
intent to that in 35 comparable controlled patients who did 
not undergo surgery (26 % had MEN1). There was a signifi-
cantly higher rate of liver metastasis in the nonsurgical group 
(29 % vs. 5 %, p < 0.01). Overall and disease-specific mor-
tality were significantly higher in nonsurgical group (54 % 
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vs. 21 %, p < 0.01 and 23 % vs. 1 %, p < 0.01,  respectively). 
 Fifteen-year disease-specific survival was higher in the sur-
gical group (98 % vs. 74 %, p < 0.01) [80]. Ellison et al. re-
ported that patients with sporadic gastrinoma who underwent 
R0 (normal postoperative gastrin) and R1 (postoperative 
hypergastrinemia but no measurable residual disease) had 
significantly higher disease-specific survival rate, compared 
with nonsurgical patients and patients with gross residual tu-
mors postoperatively (R2; 60 % vs. 20 %, p < 0.01) [86].

The prognosis of patients with MEN1-associated gastri-
noma is difficult to assess because (1) metastatic NETs in 
patients with MEN1 syndrome can be from multiple origins 
such as nonfunctioning PNET, gastrointestinal NET (car-
cinoid tumors), or gastrinoma; (2) there is no consensus in 
treatment strategy because of a lack of controlled studies 
for this rare syndrome to determine the appropriate timing 
and role of surgery. An earlier study suggested that patients 

with MEN1-associated gastrinoma generally have excellent 
long-term survival, with or without surgery. Fifteen-year sur-
vival of patients with metastatic disease was over 50 % [87]. 
However, the progression of gastrinoma and/or other NETs 
is probably the most important factor affecting long-term 
survival in patients with MEN1 syndrome [109].

Summary

There have been several advances in understanding the mo-
lecular pathogenesis of NETs including gastrinoma and in 
the molecular imaging modalities that provide superior di-
agnostic accuracy. As a result of insights into the molecular 
biology of NETs, new treatment options such as targeted-
molecular therapy and PRRT are available for patients with 
advance disease. Despite recent advances in diagnosis and 

Table 3  A comparison of the American Joint Committee on Cancer and the European Neuroendocrine Tumor Society TNM staging systems on 
pancreatic neuroendocrine tumors [107]
AJCC/UICCa ENETSb

Stage Tumor 
staging

Extent or size of tumor Regional lymph 
node metastasis

Stage Tumor 
staging

Extent or size of tumor Regional lymph 
node metastasis

Distant 
metastasis

IA T1 Limited to pancreas, 
< 2 cm

N0 I T1 Limited to pancreas, < 2 cm N0 M0

IB T2 Limited to pancreas, 
> 2 cm

IIA T2 Limited to pancreas, 
2–4 cm

IIA T3 Beyond the pancreas but 
not involving celiac or 
SMAc

IIB T3 Limited to pancreas, > 4 cm. 
or invading duodenum or 
CBD

IIB T1-T3 See above N1 IIIA T4 Invading adjacent structures
III T4 Involving celiac axis or 

SMA
Any N IIIB Any T N1

IV Any T Any N IV Any T Any N M1
a AJCC/UICC the American Joint Committee on Cancer/Union for International Cancer Control
b ENETS the European Neuroendocrine Tumor Society
c SMA superior mesenteric artery
TNM tumor, node, metastasis, CBD common bile duct

Table 2  The American Joint Committee on Cancer Staging for Neuroendocrine tumor of the small intestine. (Used with permission of the 
American Joint Committee on Cancer ( AJCC), Chicago, Illinois. The original and primary source for this information is the AJCC Cancer Staging 
Manual, Seventh Edition (2010) published by Springer Science + Business Media)
Stage Tumor staging Extent or size of tumor Regional lymph node metastasis Distant metastasis
I T1 Tumor invades lamina propria or submucosa and size 

1 cm or less
N0 M0

IIA T2 Tumor invades muscularis propria or size greater than 
1 cm

IIB T3 Tumor invades muscularis propria into subserosal tissue 
without penetration of overlying serosa (jejuna or ileal 
tumors) or invades pancreas or retroperitoneum (ampul-
lary or duodenal tumors) or into non-peritonealized 
tissues

IIIA T4 Tumor invades visceral peritoneum (serosa) or other 
organs or adjacent structures

IIIB Any T N1
IV Any T Any N M1
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treatment, early diagnosis probably has the greatest impact 
on patient survival; however, delay in diagnosis is still com-
mon. Because effective medical control of gastric acid hy-
persecretion is widely available, the goal of surgery is to 
intervene before distant metastasis occurs. All patients with 
sporadic gastrinoma should undergo surgery as it can pro-
vide a cure and improve survival. The timing and the ex-
tent of surgery in MEN1-associated ZES continues to be a 
subject of controversy. While radical surgery may provide a 
cure in some patients, patients who receive a lesser operation 
have excellent long-term survival with medical treatment to 
control acid output.

Key Summary Points

• ZES is a rare disease caused by gastrinoma, the second 
most common functioning NET. Approximately, 20–25 % 
of patients with ZES have underlying MEN1.

• Because effective medical treatments for acid hyper-
secretion are widely available, classic presentation of 
ZES (chronic diarrhea, refractory peptic ulcer disease, or 
complication of acid hypersecretion) has been reduced. 
Abdominal pain, diarrhea, and gastroesophageal reflux 
disease are common presenting symptoms. High index of 
suspicion for ZES can reduce delayed diagnosis.

• Initial workup of ZES includes an evaluation of gastric 
acid hypersecretion and fasting serum gastrin levels. 
Diagnostic criteria of ZES include (1) a fasting serum 
gastrin more than tenfold higher than normal with gastric 
pH < 2 or (2) a fasting serum gastrin less than tenfold of 
upper normal limit, while gastric pH < 2 and a positive 
secretin-stimulation test.

• Eighty percent of gastrinomas are located within “gas-
trinoma triangle.” Preoperative imaging studies such as 
CT scan, MRI, somatostatin analogue scintigraphy, and 
endoscopic ultrasound can help identify primary and met-
astatic gastrinoma. Recent studies suggest that 68-Gal-
lium-labeled somatostatin analogues scintigraphy with 
positron emission tomography provides higher accuracy 
and sensitivity in identifying gastrinoma.

• NETs, including gastrinoma, are classified by tumor 
grade and level of differentiation. The WHO and the 
ENETS use proliferative indices (mitotic count and Ki-67 
activity) to categorize NETs into three grades. NETs can 
be classified by a level of differentiation (well-, or poorly 
differentiated NETs). ENETS and the AJCC have recently 
published site-specific TNM staging systems for NETs.

• Advances in molecular pathogenesis of NETs show sev-
eral dysregulated molecular pathways and gene muta-
tions involved in tumor initiation and progression. Dys-
regulated pathways include PI3K/AKT/mTOR pathways, 
VGEF, hypoxic-induced factor (HIF-1) and other factors 

associated with angiogenesis. Mutation in MEN1, DAXX, 
and ATRX genes in sporadic tumors have recently been 
described.

• Because the effective treatment of gastric acid hyperse-
cretion in patients with ZES using PPIs is widely avail-
able, the indication for surgery has shifted to prevent 
disease progression and offer a chance of biochemical 
cure in patients with sporadic gastrinoma. Enucleation 
or anatomical resection of pancreas may be performed in 
patients with sporadic gastrinoma. Surgical treatment for 
patients with MEN1-associated ZES remains controver-
sial. Periduodenal and peripancreatic lymph node dissec-
tion should be performed in all patients with ZES under-
going surgery, as lymph node metastasis is not uncom-
mon in patients with gastrinoma.

• Several treatment options for patients with metastatic 
gastrinoma are available. These include cytoreductive 
surgery, liver-directed therapy, biotherapy (somatostatin 
analogue), molecular-targeted therapy (sunitinib, everoli-
mus), systemic chemotherapy, and PRRT
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Surgeons and physicians will always associate Dr. Zollinger 
with gastrinoma, the “Zollinger–Ellison syndrome,” which 
he and Dr. Ellison described in 1955 [1]. He is also remem-
bered as one of the giants of twentieth-century American 
surgery.

Robert Milton Zollinger was born on September 4, 1903, 
in Millersport, OH, USA [2]. He grew up on his family’s 
farm. As a boy, he had a business delivering milk and vege-
tables from his family farm to the neighbors. He was athletic 
and lettered in basketball during high school. He initially 
wanted to attend West Point, but when he decided to become 
a doctor, he went to Ohio State University, where he received 
a BA in 1925 and MD in 1927. He was a competitive young 
medical student: “I got a C in surgery and I said then I was 
coming back as a professor of surgery” [3].

Dr. Zollinger was offered an internship at Peter Bent 
Brigham Hospital by Harvey Cushing. Dr. Cushing sent 
him to Western Reserve in Cleveland to work with Cush-
ing’s pupil Elliot Carr Cutler (1888–1947) for 6 months be-
fore starting the internship at the Brigham in 1928.

After his internship, Zollinger returned to work with Cut-
ler in 1929, as a surgery resident at Lakeside Hospital and 
Western Reserve University in Cleveland. When Cutler took 
over from Cushing as the Mosley Professor at the Brigham 
in 1932, Zollinger went with him as his chief resident. Cutler 
and Zollinger subsequently published the first of nine edi-
tions of the Atlas of Surgical Operations. In 1939, Zollinger 
was appointed assistant professor at Harvard at Peter Bent 
Brigham Hospital.

Dr. Zollinger joined the army before the start of World 
War II (WWII) in 1941 and served until 1945. He joined the 
Harvard Unit as a major in the Medical Corp of the US Army 
in Ireland and was the assistant chief of the Surgical Service. 
Because of his farm experience and love of roses, he planted 
a garden and cultivated roses and was appointed the post, 
beautification officer. Dr. Zollinger was promoted to colonel 
and was senior consultant in surgery to the European Theater 
of Operation, and commander of the 5th General Hospital 
in France. He was awarded the Legion of Merit by the US 
Army for the development of mobile surgical teams (with 
Colonel Dr. Michael DeBakey and others). He earned Battle 
Stars for Normandy, Northern France, and Rhineland, and 
the European–African–Middle Eastern Service Medal.

Dr. Zollinger returned to Harvard after WWII. However, 
soon after in 1946, he returned to his alma mater Ohio State 
University as professor of surgery. Within a year, he became 
chairman of the Department of Surgery. He built and grew 
the Department of Surgery at Ohio State University until he 
retired as professor emeritus in 1974. Dr. Zollinger contin-
ued his surgical practice until January of 1983, retiring at age 
79 [3, 4]. He died from pancreatic cancer, on June 12, 1992, 
in Columbus, OH, USA [5].

Robert M. Zollinger. Photograph taken for cover of Modern Medicine, 
May 25, 1964
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The Paper

Dr. Zollinger recruited Dr. Edwin Homer Ellison as soon 
as he arrived at Ohio State in 1946. Dr. Ellison was a medi-
cal student at Ohio State, studied biochemistry, and had just 
finished his surgical residency at Ohio State in 1946 [6]. 
They became close friends and collaborators over the next 
decades. In 1967, Dr. Ellison became professor and chair-
man of surgery at the Marquette School of Medicine in Mil-
waukee.

Zollinger and Ellison presented the paper “Primary peptic 
ulceration of the jejunum associated with islet cell tumors 
of the pancreas” before the American Surgical Association 
in Philadelphia on April 29, 1955 [1]. They described two 
patients in detail. One was a 36-year-old woman, a patient 
of Ellison, who had recurrent jejunal ulceration that re-
quired several resections and finally had a total gastrectomy, 
esophago-duodenotomy for bleeding, and eventually died 
of anastomotic perforation (Fig. 1). Autopsy showed a well-
encapsulated 1-cm nodule in the tail of the pancreas with 
other smaller surrounding nodules. The other patient was 
a 19-year-old woman, a patient of Zollinger. She had two 

 episodes of jejunal perforation and uncontrollable ulcers with 
hypersecretion of gastric acid. She had already undergone a 
truncal vagotomy, proximal gastrectomy, and irradiation of 
gastric remnant. Dr. Zollinger performed a total gastrectomy, 
pancreas resection, and node dissection (Fig. 2). Following 
the suggestion of Dr. Hilger Jenkins of Chicago to look for 
an insulinoma, Dr. Zollinger was initially disappointed after 
not finding any obvious tumor in the pancreas during the op-
eration. However, subsequent final pathology exam showed 
a small pancreatic tumor with metastatic lymph nodes.

In addition to these two patients, they reviewed the litera-
ture for possibly four more patients with a similar condition. 
They postulated “an ulcerogenic humoral factor of pancreat-
ic islet origin” and suggested “a clinical entity consisting of 
hypersecretion, hyperacidity, and atypical peptic ulceration 
associated with non-insulin-producing islet cell tumors of 
the pancreas.” The postulated gastrin was finally identified 
by RA Gregory and Hilda Tracy of the University of Liver-
pool in 1960.

The discussants of Zollinger and Ellison’s paper were 
in sequence: Dr. Higer Perry Jenkins of Chicago, IL (who 
suggested to Zollinger the possibility of an insulinoma), Dr. 
Allen Oldfather Whipple (1981–1963, of the “Whipple pro-
cedure”) of Princeton, NJ, Dr. Lester R. Dragstedt (1893–1975, 
who developed vagotomy for the treatment of peptic ulcer) 
of Chicago, IL, Dr. Edgar J. Poth (1899–1989) of Galveston, 

Fig. 2  Schematic representation of clinical course of case 2 [1]

 

Fig. 1  Schematic representation of clinical course of case 1 [1]
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TX, and Dr. Carl A. Moyer (1908–1970, head of surgery at 
Washington University, 1951–1965) of St. Louis, MO. Each 
congratulated Ellison and Zollinger for the presentation and 
presented their own similar cases of possible gastrinoma.

Although most of us continue to use the eponym 
Zollinger–Ellison syndrome to refer to the syndrome of gas-
trinoma, as initially suggested by Dr. Ben Eiseman of Uni-
versity of Colorado [6], Dr. Zollinger “would never refer to 
the eponym, preferring the term gastrinoma” [7].

As Zollinger’s successor to the editor-in-chief of the 
American Journal of Surgery, Dr. Hiram Polk remarked: 
“Long after the unique personality, the special skills, and 
the scientific insights have been dimmed, Dr. Zollinger will 
be remembered as the individual who moved surgical en-
docrinology into the 21th century! His discovery with his 
esteemed colleague Edwin Ellison of the gastrin-secreting 
tumor of the pancreas set the stage for the clinical discovery 
of the endocrine nature of the alimentary tract and its ap-
pendages, has revolutionized not only surgery but the entire 
practice of medicine, and redefined the forefront of clinically 
relevant research” [5].

Academic Achievements

During his tenure at Ohio State, Dr. Zollinger grew the train-
ing program at the Department of Surgery from 8 residents 
and 3 professors to 65 residents and 42 full-time faculty [8]. 
The R. M. Zollinger Club was conceived by Edwin H. El-
lison and founded by Zollinger’s surgical residents in his 
honor in 1955 [7, 8]. The Robert M. Zollinger Chair of 
Surgery was established in Dr. Zollinger’s honor, and it has 
been held by Dr. Stuart S. Roberts (1930–2001), Dr. Larry C. 
Carey, Dr. Olga Jonasson (1934–2006), and Dr. E. Christo-
pher Ellison [9].

Over his lifetime, Dr. Zollinger published more than 350 
papers [3]. He edited Atlas of Surgical Operations with Dr. 
Cutler, and also coedited the Textbook of Surgery with Dr. 
Warren H. Cole (1898–1990).

Dr. Zollinger was one of the giants of twentieth-century 
American medicine and surgery. He was one of only a hand-
ful of surgeons who had been the president of the Ameri-
can College of Surgeons (1961–1962), the chairman of the 
American Board of Surgery (1963), and the president of the 
American Surgical Association (1965). He was also a found-
ing member and president of the Society of University Sur-
geons (1947). Dr. Zollinger served for 28 years as the editor-
in-chief of the American Journal of Surgery from 1958 to 
1986.

Dr. Zollinger received an honorary degree from the Uni-
versity of Lyons, France (1965) and held honorary fellow-
ships at the Royal College of Surgeons of England (1965) 
and the Royal College of Surgeons of Edinburgh (1966) [8]. 

In 1977, he received the American Medical Association’s 
highest honor, the Sheen Award, recognizing him as the Out-
standing Doctor of Medical Sciences in the USA.

“Respected By His Peers, Feared By His 
Students and Loved By His Patients” [3]

Dr. Zollinger was known as “The Big Z” or “Zolly” to his 
friends and peers [3]. He was “one of the most honored of 
the world’s surgeons.” “Dr. Zollinger’s cutting wit and rep-
artee made him the perpetual star of the College’s Clinical 
Congress and the most feared of examiners of the American 
Board of Surgery” [5]. “He was a great entertainer, but he 
practiced every line, including the jokes” [7]. Zollinger was 
a stickler for details and insisted on carefully prepared slides 
for presentation. In 1961, Dr. Zollinger, Dr. William Pace, 
and George Kuenzle, chief of School of Journalism at Ohio 
State, developed a paperback guide on making medical pre-
sentation slides [6].

Dr. Zollinger was described by those who have operated 
with him as “a master technical surgeon, very quick and very 
gentle, but not tolerant of assistants, especially residents”[4]. 
Dr. Zollinger was “notorious for being a stern taskmaster who 
used to bully his students towards excellence” [3]. Caring for 
his patients was of utmost importance to Dr. Zollinger. “We 
saw his silver Thunderbird parked at the hospital before most 
of us arrived in the mornings and it was often still there when 
we left at night. He demanded a call at 9:00 p.m. every night 
from the resident covering his personal patients” [4]. Al-
though he was a member of the Columbus Country Club for 
40 years, he never set foot on the golf course [3]. He was of-
fered, but turned down the job as the president of Ohio State 
University because he would not have been able to continue 
his surgical practice [3].

“Teacher, Surgeon, Soldier and Farmer” [2]

Dr. Zollinger married Louise Kiewit in 1929 after returning 
to Cleveland (at that time Brigham interns could not be mar-
ried). Since Zollinger was being paid only US$ 50 a week 
as a resident, Mrs. Zollinger supported the family during his 
residency by teaching. They had two children, Myra Louis 
Waud (Chapel Hill, NC, USA) and Robert M. Zollinger Jr 
(who became professor of surgery at Case Western Reserve 
University, Cleveland, OH, USA). In addition to roses, Dr. 
Zollinger had a passion for photography and enjoyed his 
winters on Sanibel Island. “He never lost the Ohio farm 
in the boy who was pulled from the school each spring for 
planting until his grade fell to a C. This fueled a determined 
competitiveness, which resulted in his becoming President 
of the American Rose Society (1966) while tending over 400 
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roses plus gourds in all available yard spaces at Club 83 (his 
Bexley home for 45 years)” [7]. Dr. Zollinger was a friend 
of the famous Ohio State University football coach Woody 
Hayes, who once told him “I am sure glad I never coached 
against you” [3].

When asked how he would like to be remembered, he 
replied “They should write on my tombstone: ‘teacher, sur-
geon, soldier and farmer’. And my wife may remember that 
she says I’m an amusing fellow to live with” [2].
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Edwin H. Ellison was born in Dayton, OH, September 4, 
1918. His father was a chemist and his mother was a school 
teacher. His father died during the influenza epidemics when 
“Eddie,” as he was known by his friends, was only a young-
ster. He and his mother moved to Columbus, OH, where 
he resided for the next 25 years attending public schools, 
Ohio State University (BA 1939) and Ohio State College 
of Medicine (MD Cum Laude 1943). During the ensuing 
busy, sometimes chaotic years of World War II (WWII) and 
residency training, Dr. Ellison managed to complete all the 
 requirements for a PhD in biochemistry.

Early in his training as an Ohio State University Hospital 
rotating intern and junior resident (1943–1946), no doubt in 
part because of his background in biochemistry, he devel-
oped an early interest in surgical nutrition and peptic ulcer 
disease. This era was several decades before the character-
ization and precise measurements of gastrointestinal  peptide 

hormones, the advent of effective antacid blockers and radio-
logic techniques such as computed tomography (CT) scans. 
Rather crude measurements of gastric acid secretion, such as 
an overnight gastric aspiration, often with the house officer 
at the bedside to maintain patency of the nasogastric tube, 
was the primary metric measured. His surgical residency 
training was interrupted by two years of military service and 
he was stationed from 1946 to 1948 at Fort Ord California 
where he was chief of the surgical section.

Ellison returned to Ohio State University Hospital to com-
plete a final and then a super chief resident year in surgery 
(1950–1951) under Dr. Robert Zollinger, Dr. Ellison was 
one of the first surgical faculty hired by Dr. Zollinger, who 
had recently returned from overseas WWII duty in Europe 
to be the new department chairman. The Ohio State surgical 
training program was organized along the Halstedian model, 
along the lines developed by Dr. Harvey Cushing and Dr. 
Elliot Cutler, with whom Dr. Zollinger had worked first as 
a resident and then a junior faculty member at the Brigham 
Hospital before World War II. Dr. Cushing had been a Hal-
sted resident before going to the Brigham Hospital in Boston 
and the Halsted training program influences on training sur-
geons passed through Drs. Cushing/Cutler to Zollinger and 
then to Ellison.

During his tenure at Ohio State University Hospital from 
1951–1958, Ellison advanced in rank to full-time professor. 
He and Dr. Zollinger both had busy clinical practices and 
collaborated together on numerous research projects. Nutri-
tion in the surgical patient and finding the best operation for 
peptic ulcer diseases were areas of interest. Dr. Ellison was 
one of the early authorities in nutrition, blood substitutes, as 
well as fluid and electrolyte balance. He was an early pioneer 
in bringing the flame photometer to practical use in the care 
of surgical patients.

As a very junior surgical faculty member, Dr. Ellison’s 
frustrating clinical experiences with a patient who had recur-
rent jejunal ulcers, massive gastric acid hypersecretion and 
failed ulcer operations were observed in the same year (1954) 

Edwin H Ellison. Ellison Library Archives, Department of Surgery, 
Medical College of Wisconsin
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in one of Dr. Zollinger’s patients. These experiences prompt-
ed Dr. Ellison to start a study of “jejunal ulcer patients.”

The clinical saga, of jejunal ulcers, in only two patients 
and the remarkable series of events concerning their care oc-
curring in 1954 led to the discovery of the “Zollinger –Elli-
son syndrome.” Their hypothesis of an “ulcerogenic humoral 
factor of pancreatic islet origin” was reported at the 1955 
Annual meeting of the American Surgical Association [1]. 
Not unlike the Princes of Serendip, Zollinger and Ellison had 
discovered by accident and sagacity something they were not 
in quest of; they were trying to find a better operation for 
jejunal ulcers [2]. Their report and hypothesis captured the 
imagination of and excited surgeons, clinicians, and physi-
ologists worldwide. Details of this remarkable story describ-
ing the discovery of the Zollinger–Ellison’s syndrome has 
been well documented and is a must read for all endocrine 
surgeons [3].

Dr. Ellison excelled early in his academic career, and his 
relationship with Dr. Zollinger was close. Their birthdays 
happened to occur on the same day, September the 4th. Dr. 
Zollinger had said “Eddie was the answer to the dream of 
every professor of surgery, a young associate who strived 
every day to please and indeed, to exceed the teacher… he 
gave clear evidence that he was a man of great talent and a 
capacity for work and for leadership” [4]. He received the 
Man of the Year award from the Ohio State Medical School 
faculty in 1957.

Dr. Ellison was recognized early as a rising star in aca-
demic surgery. He was only 39 years when Marquette Uni-
versity School of Medicine in Milwaukee, Wisconsin (now 
the Medical College of Wisconsin), initiated a recruitment 
process to bring him to Milwaukee. He accepted and became 
the first full-time professor and chairman, Department of 
Surgery in 1958.

Ellison was a true visionary. A major attraction of the job 
in Milwaukee was the promise of the imminent development 
of a university teaching hospital in association with the med-
ical school. Kurtis Froedtert, a wealthy businessman, who 
produced grains and malt for Milwaukee’s famous beers, had 
created the trust to build the hospital. However, the Milwau-
kee academic environment in the early 1960s for the new 
department chair was to prove most challenging. Marquette 
University School of medicine had limited resources and 
there was no medical service plan to generate revenue for 
the school. The surgery department had no full-time faculty. 
Research facilities were limited. There were eight Milwau-
kee hospitals with American College of Surgeons (ACS)-
approved independent graduate training programs in general 
surgery. Several programs were only for 3 years.

Dr. Ellison, a tireless worker with enormous enthusiasm 
and a great charisma, had within several years recruited 

full-time division chairs for neurosurgery, ophthalmology, 
otolaryngology, cardiothoracic surgery, transplant, orthope-
dics, and urology. Early funding of an NIH program project 
grant (1960) for gastrointestinal research was obtained by 
Dr. Ellison and then additional funding for a modern state-
of-the-art 14,000 sq. ft. research facility. Allen Bradley 
Medical Science Laboratory, built in 1961 and administered 
by the Department of Surgery, provided the ideal environ-
ment for research.

Ellison was a great communicator for the practicing sur-
geons in the community and the “Town and Gown” relation-
ships were uncommonly good. These relationships were nec-
essary to help staff the nearly 1000-bed Milwaukee County 
General Hospital, which served as the primary teaching hos-
pital for the residents and medical students, as well as a base 
for the growing list of new full-time surgical faculty

Nationally, a major change in the education and training 
of surgeons was happening. Residency standards, oversight, 
and accreditation were new for surgery residency program 
directors. Many of the free standing, nonuniversity pro-
grams in small hospitals in the Milwaukee community dur-
ing the Ellison period (1958–1969) would soon not be able 
to meet the standards for accreditation. Dr. Ellison was able 
to convey his vision for a great surgical training program 
to the medical school and the Milwaukee community hos-
pitals. After only a few years in Milwaukee, he was able to 
integrate the surgical residencies at the Milwaukee County 
General Hospital, the VA hospital, Milwaukee Children’s 
Hospital and three private hospitals into one large integrated 
surgical postgraduate training program under a single pro-
gram director with funding from participating institutions. 
The Marquette University Affiliated Hospital program for 
surgery would become a model for other academic programs 
in large US metropolitan centers.

The new Allen Bradley Medical Science Laboratory 
(ABMSL) provided an inviting environment for surgical re-
search. Surgical faculty, full time and clinical, quickly start-
ed projects. Residents were encouraged to do research, some 
continuing long-term projects even during their clinical rota-
tions as the laboratory was across the street from the hos-
pital. The research products from this laboratory were soon 
presented at numerous national meetings and the research 
published in peer-reviewed journals.

Dr. Ellison was a skilled photographer and an artist. He 
was proud of the awards he received for his sketches and art-
work. The importance of medical illustration and color mov-
ies was apparent to the new chairman. He recruited a medi-
cal illustrator, Robert Albertin, whom he had worked with 
at Ohio State. The new department of medical illustration 
located in the Milwaukee County General Hospital became 
part of the surgery department. The projected slides, initially 
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lantern slides, and the art work seen at national meetings 
were unique and often recognized as being from the “Ellison 
program”.

Dr. Ellison was a serious but gentle man. His bedside 
rounds with house officers, demonstrating the abdominal 
exam and interacting with the patient, were always instruc-
tive. He taught by precept, showing concern for the patient 
and family. His teaching style was very different from his 
mentor, Dr. Zollinger. He did not chastise the residents or 
medical students nor did he raise his voice. He would on oc-
casion assemble in the middle of the night a whole group of 
“experts” at the bedside of a very sick patient to sort out par-
ticularly perplexing problems. He recognized the importance 
of other specialists in providing the best care and was par-
ticularly respectful of the radiologist and anesthesiologist.

As Ellison’s surgery program grew and gained recog-
nition, a prominent academic surgeon noted that the new 
young faculty and residents surrounding Ellison formed 
a kind of surgical Camelot in Milwaukee during the early 
1960s. These were heady times as Ellison conveyed his vi-
sion of a great surgical program to the practicing Milwaukee 
surgical community, and nationally to his academic surgi-
cal colleagues [5]. In 1963, Ellison’s accomplishments were 
recognized by his election to the presidency of the Society 
of University Surgeons. Dr. Ellison was proud to show off 
his residents, young faculty, and the new ABMSL to several 
national surgical societies, who held their annual meeting in 
Milwaukee. Ellison’s new surgical subspecialty chairmen 
also made their mark with their new residency programs and 
research. These new programs further enhanced the medical 
school reputation.

However, everything in Camelot was not rosy. The prom-
ised Froedtert Hospital construction was delayed further, ini-
tially because of some probate and legal issues surrounding 
the trust. Ellison was frustrated and impatient and pushed 
hard for the grand vision of a great medical center. As early 
as 1961, he had presented to the Milwaukee County Board 
a plan that would place the medical school’s basic science 
and administration buildings, the VA Hospital and Froedtert 
Hospital in a vast, largely unoccupied, Milwaukee county 
campus along with the Milwaukee County General Hospital. 
It is of interest that 2 years later he presented to the medical 
school board of directors a timetable for construction of the 
Froedtert University Hospital. The minutes of that meeting 
noted “that his enthusiasm was met with cautious conserva-
tism” [6].

A new dean was appointed for the Marquette University 
Medical School in September of 1965. Such events some-
times herald turbulent times for surgical chairmen. Several 
months later Ellison was fired as chairman. The major reason 
given for this action was that Ellison’s efforts to make the 

teaching hospital a reality were not always in concert with 
the medical school. The dean’s actions caused great turmoil 
and protest from faculty and the surgical community. Ellison 
was reinstated as chairman after just 3 weeks. The conditions 
of his reinstatement were not made public but he abruptly 
discontinued his campaign to build Froedtert Hospital and 
kept a low profile on the medical center development [5].

In February 1966, the society of University Surgeons met 
in Milwaukee with Ellison back in charge. Dr. Ellison was 
at his best and the “local” scientific program with research 
by the faculty and residents was exceptional. The entire pro-
gram of local papers presented by Dr. Ellison’s faculty and 
residents was published as a special issue in the American 
Journal of Surgery. Academic surgeons in the USA now bet-
ter recognized the development of this new Department of 
Surgery and residency program in Milwaukee.

During the next several years, Ellison continued to nur-
ture his surgery program but the inability to have private 
referred patients at the county hospital and the continued 
 delays in the progress of the medical center dream and a Uni-
versity Hospital caused him more frustration and depression. 
No construction was in sight, the medical school dean once 
again expressed a lack of confidence in the Department of 
Surgery, in large part because some of the full-time faculty 
operated on their private patients in community hospitals.

Ellison resigned in 1969 and he was given a sabbatical 
leave for one year. He had accepted a position as professor 
and department head at a southern hospital. Dr. Ellison took 
his own life April 27, 1970, shortly before he was to take 
the new position. He was only 51 years old. Edwin Ellison’s 
mentor at Ohio State, Dr. Robert Zollinger, had said that “El-
lison was truly ahead of his time.” Ellison’s vision for the 
medical center in Milwaukee was to eventually come true.

Within the next decade that followed after the Ellison era, 
an organization named the Milwaukee Regional Medical 
center was in place. Froedtert Hospital, the basic  science and 
administration buildings of the medical school, as well as 
Children’s Hospital were all located on the campus with the 
Milwaukee County General Hospital. The medical school 
became a freestanding private institution, now named the 
Medical College of Wisconsin. In the 50 years since the 
Camelot era of Ellison‘s rather short tenure, the Milwaukee 
Regional Medical Center has grown exponentially and now 
ranks ahead of nearly two thirds of its peers nationally and 
it is still growing. Edwin Ellison’s dream of a great medical 
center did come true. The Zollinger-Ellison syndrome is cer-
tainly and important part of the Ellison legacy but his early 
vision and struggles to develop an academic surgery pro-
gram and a great medical center in Milwaukee are  perhaps 
the most important contributions to the Edwin H. Ellison 
legacy.
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Introduction

VIPomas are rare neuroendocrine tumors usually occur-
ring in the pancreas associated with the increased systemic 
release of vasoactive intestinal polypeptide (VIP) causing 
symptoms of high-volume watery diarrhea. Their manage-
ment is complex involving surgery, medical therapies, inter-
ventional radiology, and nuclear medicine modalities.

Historical Features

The first report of a patient with VIPoma was likely by 
Priest and Alexander in 1957 [1]. They reported the case of 
a 56-year-old male who died from complications of refrac-
tory diarrhea, hypokalemia, and hyponatremia in association 
with a pancreatic neuroendocrine tumor that had recurred 
after resection. Verner and Morrison described this constel-
lation of clinical features in more detail in 1958, and the syn-
drome produced by high levels of VIP released from these 
tumors subsequently bears their names [2]. They reported 
two male patients who died with similar clinical features 
of chronic high-volume watery diarrhea, hypokalemia, and 
hyponatremia, leading to their death from complications of 
dehydration and electrolyte disturbance. At autopsy, both 
were found to have pancreatic neuroendocrine tumors, and 
the authors postulated that a hormonally active substance 
produced by these tumors was responsible for the diarrhea 
and electrolyte disturbance. The hormone responsible was 
not identified until 1970 when Said and coworkers isolat-
ed a hormonally active peptide from porcine small intesti-
nal cells and found that it increased splanchnic blood flow, 
naming it VIP [3]. An association between elevated levels 
of VIP and the Verner–Morrison syndrome was first shown 
by Bloom and coworkers in 1973 [4]. They found elevated 

levels of circulating VIP in patients with pancreatic neuro-
endocrine tumors and symptoms of the Verner–Morrison 
syndrome, and also showed staining for VIP within these 
tumors on immunohistochemistry. A direct association be-
tween VIP and the clinical symptoms of this syndrome was 
also shown by Kane and coworkers in 1983. They were 
able to induce a profuse watery diarrhea and electrolyte 
disturbance in human volunteers after infusion of porcine  
VIP [5].

Incidence and Risk Factors

VIPomas are a rare form of an already uncommon family of 
tumors, accounting for 1 % of all pancreatic neuroendocrine 
tumors [6]. It is estimated that they occur with an incidence 
of less than one case per million population per year [7, 8]. 
These tumors can occur at any age including childhood, with 
a mean age of between 40 and 50 years [9]. They occur with 
equal frequency in both males and females. They may be 
associated with other pancreatic neuroendocrine tumors, pri-
mary hyperparathyroidism and pituitary adenomas as part of 
the multiple endocrine neoplasia type 1 (MEN1) syndrome, 
occurring in 1–2 % of patients with this inherited genetic 
mutation [10, 11]. Eleven percent of patients with VIPoma 
managed at the Mayo Clinic had MEN1 [12].

Pathophysiology

VIP is a peptide hormone comprising 28 amino acids and 
normally functions as a neurotransmitter confined within 
neurones of the central nervous system, gastrointestinal 
tract, lung, and genitourinary tract. The plasma half-life of 
VIP in the systemic circulation is extremely short (less than 
60 s), and for this reason plasma levels of this hormone are 
normally very low (less than 50–100 pg/ml) and do not el-
evate after eating [9]. VIP acts via binding to specific recep-
tors to increase the secretion, smooth muscle contractility, 
and blood flow within the gastrointestinal tract, particularly 
the small intestine and pancreas.
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The high circulating levels of VIP secreted by VIPomas 
produce symptoms of watery diarrhea, typically more than 
6–8 l/day [9]. The diarrhea does not have features of mal-
absorption such as steatorrhea, and persists despite fasting. 
The loss of electrolytes in the stool, particularly potassium 
and bicarbonate, leads to hypokalemia and achlorhydria. For 
this reason, the syndrome has been previously referred to as 
WDHA (watery diarrhea, hypokalemia, and achlorhydria) 
syndrome and pancreatic cholera. Other symptoms include 
weight loss (occurring in 72 % of cases), generalized muscle 
weakness, abdominal pain (50 %), hyperglycemia (40 %), 
and cutaneous flushing (28 %) [12, 13].

Although VIP is the predominant hormonally active pep-
tide produced by VIPomas, high levels of other hormones 
have also been documented in as many as 66 % patients 
with these tumors, including glucagon, pancreatic polypep-
tide, serotonin, calcitonin, somatostatin, insulin, gastrin, and 
growth-hormone-releasing hormone [12, 14].

Diagnosis and Imaging Studies

VIPomas are associated with very high circulating levels 
of VIP, with serum concentrations typically greater than 
500 pg/ml (normal range less than 50–100) being diagnostic 
for these tumors [8, 15]. As for other neuroendocrine tumors, 
serum levels of chromogranin-A may also be elevated [16].

VIPomas occur most commonly in the pancreas, account-
ing for 90 % of cases. Within the pancreas, the tail of the 
gland is the most common location (50–75 %), followed by 
the body (8–22 %) and the head (11–30 %) [9, 12]. Rare sites 
of primary VIPomas include the duodenum, colon, bronchial 
tree, and liver. The adrenal glands and retroperitoneal para-
ganglia can also rarely be the site of these tumors particu-
larly in children [8].

VIPomas typically form discrete masses within the pan-
creas. By the time of diagnosis, they have usually reached a 
size of more than 2 cm, with a mean size of 5 cm in one large 
series [9]. Local invasion into surrounding organs may be 
seen with larger tumors. Metastases are present in 60–80 % 
of cases at the time of diagnosis, most commonly to regional 
lymph nodes and to the liver (seen in up to 78 % of cases) 
[9, 12].

The location of the primary tumor is usually readily ap-
parent on cross-sectional imaging using computed tomogra-
phy or magnetic resonance [17]. As both primary VIPomas 
and their metastases are hypervascular, contrast enhance-
ment aids in their imaging. Magnetic resonance has been 
recommended as superior to computed tomography scanning 
for the detection and staging of VIPomas [17].

VIPomas express receptors for somatostatin in 80–90 % 
of cases, and in this way nuclear medicine scanning using 

radiolabeled somatostatin analogs such as octreotide can de-
tect 91 % of primary tumors and 75 % of metastatic lesions 
[9, 18]. More recently, positron emission tomography using 
the 68-gallium-labeled somatostatin analogs DOTATATE 
and DOTATOC have been used to enhance the sensitivity 
of these studies [18]. Small primary tumors of the pancreas 
may be best located by endoscopic ultrasound, a technique 
that also allows for fine-needle aspiration biopsy of lesions. 
This technique has been particularly recommended in pa-
tients with MEN1 syndrome who may have multiple small 
neuroendocrine tumors of the pancreas [17].

Management

The management of VIPomas is complex and multidisci-
plinary, involving surgical, medical, interventional radiol-
ogy, and nuclear medicine modalities. Due to the rarity of 
these tumors, our understanding of their management is in-
complete and evolving, based largely on expert opinion, an-
ecdotal reports, and small case series. The complexity of the 
management of these rare tumors means that their treatment 
should be confined to specialist centers that can offer the full 
range of treatment options.

The initial management of patients newly diagnosed with 
VIPoma involves correction of the fluid and electrolyte defi-
ciencies caused by the chronic high-volume diarrhea in order 
to stabilize the patient [9]. In addition to intravenous fluid 
therapy and potassium replacement, medical therapy with 
antidiarrheals such as loperamide and opiates may help to 
control the fluid losses.

The mainstay of symptom control and palliation in pa-
tients with VIPoma is with somatostatin analog therapy [8]. 
These act via binding to somatostatin receptors expressed on 
80–90 % of VIPomas to inhibit the secretion of VIP. Short-
acting agents such as octreotide can be used initially prior 
to initiating therapy with long-acting formulations such as 
octreotide LAR or lanreotide. A sustained improvement in 
symptoms of diarrhea can be achieved in more than 80 % of 
cases with this therapy [19]. VIP levels can be monitored to 
assess the biochemical response to treatment and may nor-
malize. Unfortunately, tachyphylaxis to these agents occurs 
within 12–24 months in most cases, requiring increasing 
dosage and eventually leading to worsening symptoms [8]. 
Therapy with somatostatin analogs may also have an anti-
tumor effect, leading to prolonged periods of disease stabi-
lization or less commonly a reduction in the size of primary 
lesions or metastases (seen in 20 %) [19]. All patients with 
VIPomas should have their symptoms controlled by soma-
tostatin analog therapy prior to undergoing surgery.

Surgery for VIPomas involves resection of the primary 
tumor and may be combined with cytoreductive surgery to 
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remove metastatic disease in regional lymph nodes or the 
liver where this is practicable. Smith and coworkers in a se-
ries of 18 patients with VIPomas managed at the Mayo Clin-
ic reported that surgery with a curative intent was possible 
in only 28 % of cases, and that only 44 % of patients were 
suitable for any attempt at surgical resection [12]. As the pri-
mary tumor is usually located within the body or tail of the 
pancreas, distal or subtotal pancreatectomies are the most 
commonly employed procedures. In patients with MEN1 
where multiple small pancreatic neuroendocrine tumors may 
be present, subtotal pancreatectomy is the preferred proce-
dure [12]. Hepatic metastases may be candidates for surgical 
resection or ablative techniques such as radiofrequency abla-
tion [20]. Where multiple hepatic metastases are present that 
are not suitable for surgical intervention, hepatic artery che-
moembolization or infusion with yttrium-90-radiolabeled 
microspheres have both been associated with symptom con-
trol, normalization of VIP levels, and a reduction in the size 
of metastases [13, 21]. Liver transplantation has also been 
reported in a patient with multiple hepatic metastases from 
VIPoma and was associated with a prolonged survival of 9 
years [22].

In patients whose tumors and metastases express soma-
tostatin receptors as seen by positivity on radiolabeled oc-
treotide scanning, radionuclide therapy using the 177-lute-
tium-labeled somatostatin analog DOTATATE may also be 
used [23]. Conventional systemic therapy with cytotoxic 
chemotherapy agents such as streptozotocin, 5-fluorouracil, 
cyclophosphamide, doxorubicin, and temozolomide have 
been used to treat patients with metastatic VIPoma. Although 
response rates of 30–40 % have been reported, the results of 
systemic chemotherapy for patients with metastatic VIPoma 
are generally considered to be poor [15]. More recently, 
newer therapies targeting the vascular endothelial growth 
factor receptor (bevacizumab) and tyrosine kinase signaling 
pathways (sunitinib, sorafenib) have been used to treat meta-
static VIPoma [24, 25]. Inhibitors of mammalian target of 
rapamycin such as everolimus and temsirolimus have shown 
promise in the treatment of metastatic pancreatic neuroendo-
crine tumors and may also have a future role [15].

Prognosis

The prognosis of patients with VIPoma is dependent on dis-
ease stage. The presence of metastatic disease and disease 
not amenable to surgical resection with curative intent are 
associated with a worse prognosis. As 80 % of cases have 
metastatic disease present at the time of diagnosis, the me-
dian survival of patients with VIPoma is 3–4 years [6, 12]. 
This is not different from the prognosis of other pancreatic 
neuroendocrine tumors when matched for disease stage [6]. 
Death typically occurs either from complications of fluid 

and electrolyte disturbances refractory to medical therapies 
or from the complications of metastatic disease progression.

Conclusion

VIPomas are exceedingly rare neuroendocrine tumors pri-
marily occurring in the pancreas that produce symptoms of 
diarrhea due to their excessive secretion of VIP. The man-
agement of these tumors is complex, involving multiple 
treatment modalities including surgery, medical therapies, 
systemic targeted therapies, and radionuclide treatments. 
Due to the rarity of these tumors, our understanding of them 
and their optimal treatment is evolving.

Key Summary Points

• VIPomas are rare neuroendocrine tumors most commonly 
occurring in the pancreas.

• VIPomas secrete high levels of VIP, producing chronic 
and profuse watery diarrhea leading to electrolyte distur-
bances (Verner–Morrison syndrome).

• As most VIPomas have metastasized prior to diagnosis, 
surgical resection has a limited role in management.

• Control of symptoms of metastatic VIPoma is best 
achieved using somatostatin analog therapy.

• The management of metastatic VIPoma is multidisci-
plinary, utilizing cytoreductive surgery, medical thera-
pies, interventional radiology, and radionuclide treatment 
modalities.
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and achlorhydria (WDHA) syndrome associated with islet 
cell neoplasms. This man had undergone a routine hernior-
raphy, yet he passed away from profuse cholera-like diarrhea 
with profound hypokalemia and uremia. This peculiar case 
was later presented at the Clinical Pathological Conference 
(CPC). It struck Dr. Verner that the provisional clinical diag-
nosis of “probable chronic laxative abuse” was preposterous. 
The finding on autopsy of a small acorn-sized benign non-
beta islet cell tumor was described as an incidental finding 
of no known clinical significance. Dr. Verner experienced a 
“eureka” epiphany and was sure in his mind that this tumor 
had been the cause of this patient’s demise.

As chance would have it, sitting beside Dr. Verner, at the 
CPC that day, was Dr. Morrison, the Markley Scholar and a 
pathologist at Duke. Dr. Morrison’s primary research interest 
was in kidney function, particularly in the way the kidneys 
handled protein and potassium [2]. He was also intrigued by 
this case. A second similar case was presented shortly there-
after giving birth to the idea that this was a distinct and previ-
ously unrecognized clinical syndrome. Dr. Verner reviewed 
the chart of a 19-year-old man who had been recently dis-
charged from Duke Medical Center from his 19th admission 
for profuse diarrhea and hypokalemia. Dr. Verner discovered 
that the patient had missed an appointment with his psychia-
trist because he had been admitted to another hospital where 
he subsequently died. The autopsy findings of this patient 
also included a small benign islet cell tumor.

Dr. Verner then embarked on a detailed search of the 
existing literature and was excited to find that this clinical 
pathologic syndrome had not been previously described. He 
and Dr. Morrison presented their manuscript to Dr. Stead 
who recognized its obvious significance and importance. He 
recommended that their article be submitted to the Ameri-
can Journal of Medicine where it was promptly published 
in 1958 [3]. Dr. Stead also directed Dr. Verner to submit 
and subsequently present their findings at a meeting of the 
American Federation for Clinical Research in Atlantic City 
on May 4, 1958. An additional report followed in 1974 in 
which Drs. Verner and Morrison amassed and detailed an ad-

that serendipitous happening
—John Verner MD

As relayed by Dr. John Verner [1], the groundwork for the 
discovery of the syndrome that was to later bear his name 
and that of Dr. Ashton “Archie” Morrison was the result 
of an intern research project that was required of the Inter-
nal Medicine residency house staff at Duke University. He 
credits the leadership of Dr. Eugene Stead Jr., the chair 
of the Department of Medicine, who encouraged clinical 
research and that his charges think creatively about clinical 
problems. Dr. Verner developed an interest in hypokalemia 
and asked the laboratory to alert him to any inpatients with 
low potassium levels. Three years a chief resident, he saw 
each patient admitted to the medical ward, and it was in 
this context that he evaluated the first of the two patients 
in the seminal report of the watery diarrhea, hypokalemia, 

John V. Verner Jr., MD. (Courtesy John and Sally Verner)
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ditional 55 cases on nonbeta islet cell-induced watery diar-
rhea and hypokalemia [4].

Dr. John Victor Verner Jr. was born on April 26, 1927, 
in Greenville North Carolina. From 1944 to 1947, during 
World War II, Verner served as a second lieutenant in the 
infantry. He went on to pursue his education at Duke Uni-
versity where he matriculated in 1947 and then earned his 
BA degree in premedical studies in 1950. He attended the 
Duke University School of Medicine graduating with his 
MD degree in 1954. He stayed on, doing an internship year 
in internal medicine from 1954 to 1955. Verner then went 
to the University of Michigan in Ann Arbor from 1955 to 
1956 to serve as a junior resident in internal medicine before 
returning to Duke as a senior resident from 1956 to 1957 and 
then as an instructor and chief resident in internal medicine 
until 1958 (Fig. 1).

Verner then signed on to work with Dr. Frank L. Engel 
who was a professor of medicine and the director of the di-
vision of endocrinology. John worked in Dr. Engel’s labo-
ratory as an Associate American College of Physicians Re-
search Fellow from 1958 to 1959. He received a stipend of 
US$ 4500. He made an excellent impression on Dr. Engel 
who observed that Verner showed, “considerable skill in de-
sign and conduct of his experiments.” In the clinic, Engel 
commented that he was “quick, bright and very enthusiastic, 
and carries out his work with care and precision.” They pub-
lished several papers together on vitamin D intoxication [5], 
recurrent hyperparathyroidism [6], and glucose uptake in 
adipose cells [7]. John applied for and received a fellowship 
award from the American Diabetes Association but declined 
the honor because he was appointed to the full-time faculty 
at Duke University in the Department of Medicine. Engel 
assigned Verner the considerable task of reorganizing their 
diabetes clinic and teaching program. From mutual corre-
spondence in the years that followed, it is evident that Verner 
viewed Engel as his mentor and they maintained a close, cor-
dial relationship.

Verner had a distinguished career in medicine beyond his 
important discovery of the syndrome that bears his name. 
He was awarded the Distinguished Faculty Award by Duke 
University. In 1962, Verner left Duke and moved to the Wat-
son Clinic in Lakeland, Florida. He was a member of many 
important medical and scientific societies. He held regional 
and national offices including the chairman of the Department 
of Medicine at the Lakeland General Hospital from 1969 to 
1971. Verner was the president of the Florida Society of In-
ternal Medicine from 1972 to 1973. He was a trustee on the 
board of the American Society of Internal Medicine from 1974 
to1976 and a governor for the American Board of Internal 
Medicine from 1975 to 1981. He also served his local com-
munity as a director of the local Greater Lakeland Chamber 
of Commerce, a board member of the First United Methodist 
Church of Lakeland, and as president of the local chapter of 

the Salvation Army. In 1987, John Verner Jr. retired from the 
practice of medicine and continued to live in Lakeland Florida 
with his wife Sally. They have four children.

Dr. Ashton Morrison, who was known as Archie to his friends 
and close colleagues, was born in Lurgan, County Armagh, 
in Northern Ireland on October 13, 1922. The troubles that 
existed in that era shaped his life. Dr. Morrison was born 
into the Protestant upper class and was the only child of two 
teachers. As such, he was afforded many comforts and luxu-
ries growing up, including private school, elocution lessons, 
and holiday trips. He began his education at the Carrick Fer-
gus Model School, a forward thinking primary school by the 
sea in a lovely little town with a medieval castle. From there, 
he went on to grammar school at the Royal Belfast Academi-
cal Institution, also known as Isnt. The young Morrison was 
bright and studious.

Although his father was a teacher, and he came from a 
long line of teachers, Archie decided to become a physician 
leading to some disappointment in the family. Morrison went 
to medical school at Queen’s University in Belfast, earning an 
MB degree where he was awarded the coveted “Symington 
Medal” which to him was one of his proudest achievements. 
During World War II, he did not join the military to fight in 
the war effort, but rather went to the USA on a Rockefeller 
scholarship. Initially, Morrison wanted to study medicine at 
Johns Hopkins University, but he was not accepted. He was, 
however, accepted to Duke University Medical School. In 
1946, he graduated with an MD degree. He returned to earn 
a PhD in Biochemistry in 1950. He was trained at the Royal 
Victoria Hospital and at Addesbrookes Hospital in Cam-
bridge, England. During his time as a graduate student, he 
worked in the Anatomy laboratory in the medical school as 
an instructor. While in this temporary role, he discovered a 
mistake in the iconic “Gray’s Anatomy” text regarding the 
course of a nerve in the head and neck and was rewarded 
with a footnote for his correction.

It was at Queen’s University that Morrison met Claire 
Morris, who was Catholic. She was born in Glenarm, 

Ashton B. Morrison, MD, PhD. 
(From EVMS 2009 Spring 
Magazine, used with permission 
from Eastern Virginia Medical 
School, Norfolk, Virginia)
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Northern Ireland, to Charles and Maggie (McEvoy) Morris 
[8]. Her background was half Presbyterian and half native 
Irish and likely Norman, but she was raised a Catholic in 
the Glens of Antrim. There, she was a golf champion and an 
outstanding student. From St Louis convent in Ballymena, 
she went on to Queen’s University in Belfast where she got 
not only her MB but also did a thesis in the epidemiology of 
tuberculosis in mill workers and was awarded an MD with 
commendation. Her only “flaw” was her religion. Sir Henry 
Biggart, a local luminary, told Morrison that if he married 
Claire, his promising career in Northern Ireland would be 
over. Undaunted, he married her on August 28, 1950. The 
troubles they encountered took their toll and Morrison found 
that he could not thrive in his own country with his Catholic 
bride. A fellow Inst graduate, Robert McCance, took him in 
at his laboratory in Cambridge, England, and it was there 
that Morrison continued his work studying enzymes.

Duke beckoned again, and while Dr. Morrison accepted 
the offer to go stateside, his wife Claire refused initially to 
go to the USA. Instead, she chose to retreat to Belfast and 
even purchased a house there. That was her anchor to her 
homeland, and it was only with personal angst that she ulti-
mately conceded to move in 1956, a year after her husband 
had already left for the USA. At Duke, she embarked on a 
distinguished career of her own as a pulmonologist. Accord-
ing to the Morrison family’s lore, Claire Morrison became 
the first female fellow of Eugene Stead. Dr. Stead was the 
godfather of all medicine at Duke and a truly great man, who 
guided his charges with insight, intelligence, and kindness. 
Mrs. Morrison claimed that as a foreigner, perhaps she was 
too ignorant, to know to be afraid of Dr. Stead. She had the 
greatest fond admiration for him.

During his time at Duke, Morrison had an appointment 
in the Pathology Department, and his clinical contribution 
was working on the autopsy service. It was there that he and 
Verner found something amiss in the pancreas, and connect-
ed the islet cell tumors with the watery diarrhea and profound 
hypokalemia they had observed and described in what would 
become known as Verner Morrison syndrome. In 1958, he 
joined the faculty at the University of Pennsylvania as an as-
sistant professor of pathology. He moved to the University of 
Rochester School of Medicine in 1961, where he became an 
associate professor. In 1965, he became professor and chair-
man of Pathology at Rutgers University. Then in 1980, he 
became the third dean at the Eastern Virginia Medical School 
until 1983 when he returned to Rutgers University as dean of 
the Robert Wood Johnson Medical School. During his time 
at Rutgers University, Dr. Morrison continued to maintain a 
home in Norfork, VA, where his wife Claire lived full time.

Those who knew and worked with Dr. Archie Morrison 
described him as upbeat, friendly, and mild-mannered. One 
of Morrison’s students who later became a colleague, Dr. 
Desmond Hayes said of him, “He was one of the few fac-
ulty members that one could enjoy a pint of Guinness with 

on the weekends” and that, “he was an excellent clinical in-
structor and demanding of us.” Another colleague, Dr. Rob-
ert Faulkner, who had been the chair of the Department of 
Pathology at Eastern Virginia Medical School recalled that, 
“he used to come to my office and he loved to talk, not only 
about the medical school, but about medicine in general.” 
Archie Morrison was a truly humble man. He had a gentle 
manner and was a friend to all those who worked in the hos-
pital from the janitor to the vice president. His humble nature 
is perhaps best exemplified by the fact that throughout his 
entire life, Dr. Morrison was adamant that the syndrome he 
and Dr. Verner described not be known by their eponyms 
but rather as the WDHA syndrome or pancreatic cholera. He 
felt that the syndrome for which he was most famous was 
a fortunate observation, and while it was for this discovery 
that Archie Morrison is most well known, the bulk of his life-
long research efforts was devoted to the study of renal failure 
using a 5/6th nephrectomized rat model he had developed 
[9]. He received from Duke University, the Distinguished 
Alumnus Award.

Morrison retired in 1989. Claire Morrison died on June 
20, 2008, at the age of 88, and Archie passed away shortly 
afterwards on September 6, 2008, at the age of 85. They had 
a daughter, Dr. Mary M. Saltz who is a radiologist, and two 
grandchildren. Dr. Saltz described that on the occasion of 
the first birthday of his namesake and grandson Ashton, Dr. 
Morrison gave him a copy of his textbook The Pancreas with 
an inscribed message to his grandson wishing him “a useful 
and productive life.”
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History

Glucagonoma and the glucagonoma syndrome were eluci-
dated over several decades, due to the condition’s rarity. The 
syndrome’s first description in 1942 was published in the 
Archives of Dermatology by Drs. Becker, Kahn, and Roth-
man, dermatologists in Chicago. They described a patient 
with a malignant pancreatic islet cell tumor, with a migrating 
erythematous rash, glossitis, stomatitis, diabetes, anemia, 
weight loss, depression, and venous thrombosis [1]. The next 
publication of a similar case did not appear until 1960, by 
Gössner and Korting [2]. In this report, a tumor extract was 
described to have a hyperglycemic effect. Several more pub-
lications appeared in the 1960s, including Dr. McGavran’s 
classic description published in the New England Journal of 
Medicine [3].

Meanwhile, the Russian physician V. C. Zhadanov had 
described an identical syndrome in a patient with a malig-
nant islet cell tumor 10 years earlier [4]. It seems as though 
most of these authors were unaware of the prior publications, 
and at that time, the rash had not been given its current name, 
so the respective authors were labeling it as something else. 
Therefore, these individual case reports were not recognized 
as being related until the 1970s [5].

In 1971, Dr. Darrell Wilkinson presented a patient with a 
psoriaform rash and a pancreatic tumor with hepatic metasta-
ses before the Dermatological Section of The Royal Society 
of Medicine of London [6]. Several of the physicians pres-
ent recognized the combination of symptoms and physical 
findings as strikingly similar to ones present in patients they 
had treated. Based on discussions held during this meeting, 
one of these patients underwent a laparotomy and was found 
to have a limited pancreatic tumor. Post resection, the rash 

is reported to have improved within hours, and disappeared 
within a week. The patient’s diabetes and anemia soon re-
solved, and weight gain ensued. Pathology demonstrated a 
pancreatic islet cell tumor, which contained glucagon. Mea-
surement of plasma glucagon was 20 times normal preopera-
tively, and normalized post-op [5].

Word of these cases was spread through the British Der-
matological Association, and a total of nine similar patients 
were identified. This series of nine was published in 1974, 
establishing the defining characteristics of the glucagonoma 
syndrome [7].

Glucagonomas are pancreatic neuroendocrine tumors 
that arise from pancreatic islet alpha cells. They are most 
well known for the paraneoplastic glucagonoma syndrome 
that they produce. The first descriptions of the syndrome ap-
pear in the dermatologic literature, since the development of 
a classic rash eventually occurs in nearly all patients. This 
rash, coined necrolytic migratory erythema (NME) by Dr. 
Wilkinson in 1973, is in fact the most likely reason for sus-
pecting the underlying pathology. While the disease is ex-
ceedingly rare, with an incidence of only 1 in 20 million, it is 
very well described, in part because of its uniqueness. In ad-
dition to NME, the common features include hyperglycemia, 
anemia, thromboembolic disease, weight loss, depression, 
and stomatitis. Typically, patients present in the fifth or sixth 
decade, and there is an equal gender distribution.

Historically, most patients with glucagonoma presented 
with diabetes and dermatologic manifestations. However, 
because of its rarity, the pathognomonic rash associated 
with glucagonoma, NME, frequently goes unrecognized. 
Thus, these patients are often followed in dermatology clin-
ics for lengthy periods of time prior to having a definitive 
diagnosis made. However, a substantial minority of patients 
will not have developed the rash prior to being diagnosed. 
In fact in the largest single institution review, including 21 
patients at the Mayo Clinic, NME was a presenting com-
plaint in only 67 % [8]. For the other 33 %, 7 out of the 21, 
presenting symptoms included weight loss, abdominal pain, 
diarrhea, and Zollinger–Ellison syndrome. Another series of 
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18 cases reported in the British literature by Frankton and 
Bloom, similarly identified NME at presentation in 72 % [9]. 
A second less frequent method of presentation is the finding 
of an incidental pancreatic lesion, or evidence of metastatic 
disease, identified on cross-sectional imaging obtained for 
other purposes.

Necrolytic Migratory Erythema

The rash is characterized not only by its appearance and ten-
dency to migrate but also by its distribution. The name given, 
necrolytic migratory erythema, is based on both clinical and 
histologic characteristics of the rash. Dr. Wilkinson’s pub-
lished series contained nine patients with what was consid-
ered glucagonoma syndrome [10] (Fig. 1).

It typically originates in the perineum and lower abdo-
men, but may also present in the perioral area or lower ex-
tremities, especially the feet. Involvement of the thorax and 
upper extremities is rare. It also commonly causes angular 
cheilitis and glossitis, with “vermilion discoloration” of the 
tongue [5].

At the time of its initial appearance, the rash appears as 
a slightly raised, erythematous patch, which spreads within 
several days. Initially, it resembles an area of scalded skin, 
with overlying dead epithelium. Often the rash is mistaken 
for psoriasis, pemphigus, or eczema. Because it causes sig-
nificant skin fragility, the epidermis is easily rubbed off, 
leaving raw, weeping surfaces. Especially prone to this, are 
areas of high friction, such as the perineum and feet. Other 
affected areas may develop superficial blisters and crusting. 
It is frequently painful and pruritic.

Typically, as the edge of the lesion spreads, the central 
areas heal with hyperpigmentation. The migrating edge of 
the rash tends to have a very well-demarcated appearance 
that is slightly raised. The process of spreading with central 
healing takes on a cyclical pattern lasting 7–14 days. There 
do not appear to be any exacerbating factors [11].

In some instances, the rash follows a more indolent pat-
tern, with a smoldering central necrosis that becomes sec-
ondarily infected, usually with Candida or Staphylococcus 
aureus [12]. Perineal involvement in women causes urethral 
inflammation leading to urinary tract infection. In intertrigi-
nous areas, the rash becomes more lichenified and psoria-
form due to the repetitive friction [13].

The histologic changes of necrolytic migratory erythema 
are pathognomonic. The findings are confined to the epider-
mis, where there is necrosis and necrolysis in the most super-
ficial half of the epidermis. Vessicles or bullae form as the 
dead layer separates from the deeper viable layer. Neither 
evidence of an immune basis for the rash nor evidence of an 
ischemic origin has been established. The light microscopic 

Fig. 1  a and b Necrolytic migratory erythema. (Photos courtesy of Dr. 
Janice Pasieka and Dr. Steve Urbanski)
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patterns described by Kheir et al. include (1) superficial epi-
dermal vacuolization and necrosis, (2) subcorneal pustule 
formation, (3) vascular dilatation of the papillary dermis, 
and (4) psoriaform hyperplasia with confluent parakerato-
sis [11, 14]. The findings may mimic those of acrodermatitis 
enteropathica, pellagra, kwashiorkor, fatty acid deficiency, 
and hypoalbuminemia. On electron microscopy, there is cy-
toplasmic vacuolization with degeneration of nuclear struc-
tures. There is widening of intercellular spaces, and the cells 
are smaller and have pyknotic nuclei [11].

Several theories as to the cause of the rash include activa-
tion of lysosomes in the middle layer of the epidermis, or as 
a result of abnormal keratinization. In order to successfully 
make the diagnosis, a biopsy must be taken from the edge of 
a fresh lesion so as to avoid the secondary changes seen in 
the areas of infection [15, 16].

Oral ulcers, angular cheilitis, and tongue involvement 
have been reported with variable frequency. In one of the 
first series by Mallinson, they were present in almost 90 % 
of patients, but more recent studies suggest their prevalence 
in 30 % [7, 8, 9]. Uncommon dermatologic findings include 
nail dystrophy, onycholysis, and paronychial swelling, as 
well as blepharitis and alopecia [12, 13].

Diabetes

The majority of patients will have impaired glucose toler-
ance, which may occur before the rash develops, by months 
or years. It is often mild, and able to be controlled through 
diet or oral agents. Diabetic ketoacidosis is not a feature. The 
typical peripheral and systemic manifestations of diabetes 
have not been documented in glucagonoma patients. These 
patients have a degree of hyperinsulinemia, which is thought 
to counteract the hyperglucagonemia, and they may have a 
normal glucose tolerance test until very late in the disease 
[17].

Anemia

Virtually all patients will have a normochromic normocytic 
anemia. Its severity correlates with the extent of disease, 
worsening with tumor progression, and the development 
of hepatic metastases. The degree of anemia also fluctuates 
with the activity of the rash, often approaching normal levels 
when the rash is quiescent. The exact cause of the anemia is 
unclear, and it does not seem to be related to iron deficiency. 
Bone marrow exams in these patients have not revealed ab-
normal erythropoiesis. Some have suggested a direct bone 
marrow suppressive effect of glucagon [8].

Venous Thrombosis

Thromboembolic events have been reported in up to 30 % 
of cases [7, 18], and are a presenting symptom in 11–14 % 
[8, 9].

Weight Loss

Weight loss is a common finding in most patients with gluca-
gonoma, much more so in those with hepatic metastatic dis-
ease, as would be expected. It has been reported in 56–91 % 
of patients [8, 19–22]. It is thought that the catabolic effects 
of glucagon are responsible for this finding. As with the ane-
mia, weight seems to improve when the rash recedes.

Depression

Psychiatric symptoms occur in roughly 20 % of patients. 
They include depression, dementia, psychosis, decreased 
cognitive function, agitation, nervousness, insomnia, ataxia, 
and muscle weakness [11]. Optic atrophy may occur, leading 
to decreased visual acuity [23, 24].

Uncommon Symptoms

Other symptoms that have been documented in these pa-
tients, but are not typical, include intermittent diarrhea. 
There are no commonly detected electrolyte abnormalities, 
and urinary 5-hydroxyindoleacetic acid (5-HIAA) levels are 
normal. Anorexia can be seen as well as abdominal pain. As 
with other pancreatic neuroendocrine tumors, the islet cells 
are capable of secreting more than one hormone. Those that 
have been documented with glucagonomas include insulin, 
gastrin, 5-HIAA, pancreatic polypeptide, chromogranin, va-
soactive intestinal peptide, calcitonin, adrenocorticotropic 
hormone, and somatostatin [8, 9].

While most glucagonomas are sporadic, there have been 
rare reports of them occurring as part of the multiple endo-
crine neoplasia type I (MEN-I) syndrome. [8, 9, 25] These 
patients generally present at a younger age, and often do not 
suffer from the classic manifestations of the glucagonoma 
syndrome, possibly due to earlier detection [11].

There is a subset of patients with glucagonoma who do 
not develop NME. They present only with severe diabetes 
and a pancreatic neuroendocrine tumor. Interestingly, these 
patients also do not develop the other manifestations of the 
disease.
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Diagnosis

The average time from initial presentation until diagnosis 
is roughly 2 years. Once the diagnosis is suspected, testing 
should begin with a plasma glucagon level. Circulating glu-
cagon is comprised of several different sized molecules, all 
sharing the same amino terminus. The larger molecules are 
felt to represent pro-hormones that are later cleaved. While 
normal glucagon levels range from 10 to 120 mmol/mL, 
levels in glucagonoma patients have been reported to range 
from 500 to 6000 mmol/mL. While certain physiologic con-
ditions such as burns, trauma, and diabetic ketoacidosis can 
elevate plasma glucagon, they do not approach the levels 
seen in patients with glucagonoma. Box 1 lists many of the 
conditions in which hyperglucagonemia can be seen, and 
thus these need to be ruled out as possible causes. If the level 
exceeds 1000 pg/mL without an obvious secondary cause, 
the diagnosis of glucagonoma is highly likely.

There is a significant variability over time. Plasma insulin 
levels are often elevated, as is fasting blood glucose. An oral 
glucose tolerance test should be performed, and is expected 
to be abnormal.
Of historical note, several agents have been shown to stim-
ulate an abnormal rise in plasma glucagon levels. These 
include oral glucose, intravenous tolbutamide, and intrave-
nous arginine; however, these maneuvers are not part of cur-
rent clinical practice.
There is a consistent finding of reduced plasma amino acids, 
which is unique to this disease. It was first reported by 
Mallinson in 1974 [7]. The reduction is felt to be a direct 
consequence of the catabolic effect of hyperglucagonemia 
[26]. The hormone binds to receptors on hepatocytes and 
adipocytes, and regulates carbohydrate, protein, and fat 

metabolism. Normally it stimulates gluconeogenesis and 
glycogenolysis, which ordinarily aids in the maintenance of 
blood glucose levels during fasting, exercise, and stress [26]. 
At pathologic levels, glucagon promotes amino acid mobili-
zation from tissues to serve as substrate for gluconeogenesis. 
Subsequent protein degradation leads to the low amino acid 
levels seen in patients with glucagonoma syndrome, and this 
in turn may lead to cellular necrosis in the epidermis. This 
is one theory on how hyperglucagonemia directly leads to 
NME [7].
Tumor location and characteristics: Glucagonomas are 
tumors of pancreatic neuroendocrine origin, specifically 
alpha-2 islet cells. Primary tumor sizes ranging from 2 to 
25 cm have been reported [8]. They are derived from the 
embryonic dorsal lobe of the pancreas [5]. The majority are 
located in the neck, body, tail, and superior part of the head 
of the pancreas.
Once an elevated glucagon level is documented, radiologic 
studies, beginning with a pancreatic protocol computed 
tomography (CT) scan are indicated. Today’s thin cut CT 
scans are highly sensitive, and will also provide images of 
the liver. Due to its improved sensitivity and noninvasive 
nature, CT scan has replaced celiac angiography, which was 
once a common localization technique.
Octreotide scanning has been extensively studied, and was 
early on the most utilized method of localization. That role 
has been supplanted by CT, however there is still a place for 
radioisotope scanning, when searching for suspected disease 
in CT negative patients, or when the question of miliary type 
hepatic metastases exists.
On histological analysis, cells are of varying sizes. Cells are 
pleomorphic, and may be arranged in a glandular trabecular 
pattern similar to normal islets, or more of a disorganized 
array with areas resembling rosettes and follicles. There are 
few mitoses, and the cytoplasm is acidophilic and finely 
granular [27]. Electron microscopy reveals the numerous 
dense round secretory granules. Immunofluorescence is con-
firmatory that an islet cell tumor indeed is glucagon contain-
ing. They stain positively for both glucagon and pancreatic 
polypeptide. Of the islet cell tumors, only glucagonomas are 
found to contain substantial levels of glucagon, but these 
levels may not be significantly higher than those found in 
normal pancreatic tissue. Most are well vascularized.
Thus, definitive pathologic diagnosis depends on the histo-
logic finding of an islet cell tumor which contains secretory 
granules that stain positively for glucagon. Determination 
of malignancy, as is the case with most pancreatic neuro-
endocrine tumors (PNETS), depends on the finding of local 
tumor invasion or the development of metastases. Upwards 
of 70 % of glucagonomas display malignant behavior [8, 9, 
28]. Those that are classified as benign simply may not have 
had the time to develop metastases.

Box 1. Causes of hyperglucagonemia [11]
Other islet cell tumors
Cirrhosis
Pancreatic disease
Chronic renal failure
Myocardial infarction
Fasting
Diabetic ketoacidosis
Familial hyperglucagonemia
Celiac disease
Sepsis
Trauma
Cushing’s syndrome
Danazol therapy
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Treatment

As with other pancreatic neuroendocrine tumors, small le-
sions confined to the pancreas can often be enucleated, or 
removed with a partial pancreatectomy. Since a large per-
centage of these tumors are malignant, once a diagnosis is 
made, the goal should be to resect the primary lesion, in 
a timely fashion. While surgical dogma has traditionally 
deemed metastatic tumors unresectable, newer studies sug-
gest benefit for many PNET patients, who are candidates for 
resection of the primary tumor, and resection or debulking of 
hepatic metastases [29].

When complete tumor excision is achieved, patients with 
NME experience dramatic and gratifying resolution of their 
rash, which occurs within days. Improvement is also seen 
in the patient’s anemia, depression, weight, and glucose 
tolerance. Even when a patient cannot be rendered disease 
free due to metastatic disease, resection of the primary and 
debulking of metastases can be very beneficial in terms of 
improving the associated paraneoplastic conditions [30–32].

For patients with hepatic metastases that cannot be com-
pletely resected, a combination of surgery and ablation may 
be employed. Most studies group all patients with pancreatic 
neuroendocrine tumor liver metastases together. In one study 
of 63 patients with neuroendocrine liver metastases who un-
derwent laparoscopic radiofrequency ablation, symptom re-
lief was reported in 90 % with a median 3.9-year survival. 
Intrahepatic recurrences are high [33].

Alternate modalities of treating unresectable liver me-
tastases include hepatic artery embolization with chemo-
therapeutic agents [34], Yttrium-90 resin-based spheres (Sir-
spheres), or glass-based radioembolization (Theraspheres) 
[35]. Most studies are retrospective in nature. In a study of 
148 patients from 10 institutions, disease response was sta-
ble in 23 % and partial in 61 %, with progression in only 5 %. 
Median survival was 70 months [36].

Direct treatment of the rash has been mostly unsuccessful. 
Attempts to treat areas of superinfection with topical antibi-
otics are generally of little benefit. Systemic corticosteroids 
have also shown little improvement.

For many patients with unresectable disease, or persistent 
systemic disease, systemic chemotherapy has traditionally 
been used, but with limited efficacy. Agents include dacar-
bazine, 5-fluorouracil (5-FU), and streptozotocin. The latter 
has shown a 50 % response rate in a review of 52 patients 
[37]. A combination of 5-FU and streptozotocin has given a 
60–70 % response rate [38]. However, more typical response 
rates are in the 10–20 % range.

Reports of performing pancreatectomy and liver trans-
plantation exist, and have demonstrated long-term disease-
free survival [38, 39].

The treatment of paraneoplastic symptoms preoperatively 
or in patients with unresectable disease is highly effective 
using somatostatin analogs such as octreotide or lanreotide. 
These medications act to lower serum glucagon levels [40]. 
They are especially effective in controlling NME, where 
improvement can be seen in 48–72 h, and near resolution 
within 2 weeks. By lowering serum glucagon levels, the 
catabolic effects are decreased, and patients are also seen to 
gain weight.

Other targeted agents showing potential promise for the 
treatment of metastatic pancreatic neuroendocrine tumors 
include everolimus (RAD001), which is an inhibitor of the 
mammalian target of rapamycin. In a placebo-controlled trial 
of 410 patients, progression-free survival was 11 months in 
the everolimus-treated patients versus 4.6 months in the pla-
cebo group [41]. The multi-receptor tyrosine kinase inhibi-
tor sunitinib has also been approved by the FDA for use in 
patients with advanced pancreatic neuroendocrine tumors, 
after a randomized placebo-controlled trial showed similar 
results to the everolimus study [42].

Lifelong surveillance is necessary, as patients are prone to 
late recurrences, and routine measurement of glucagon lev-
els is thereby recommended.

Summary

Glucagonoma is one of the rarest types of pancreatic islet 
cell neoplasms. It is often malignant, commonly presenting 
with hepatic metastases. Its most well-known feature, and 
the one that should raise concern for the diagnosis, is necro-
lytic migratory erythema. Associated findings include diabe-
tes mellitus, stomatitis, anemia, weight loss, and depression. 
Patients receive significant symptomatic benefit upon tumor 
resection, and even in cases when complete tumor resection 
is not possible, or there are hepatic metastases, surgery may 
be indicated for palliation.

Key Summary Points

• Incidence of glucagonoma is only 1 in 20 million.
• Most patients present with the pathognomonic rash, 

necrolytic migratory erythema, and diabetes.
• Recognition is often delayed because of its rarity, and 

consequent failure to distinguish the rash from more com-
mon dermatologic conditions.

• Treatment for limited disease is surgical with rapid symp-
tom resolution.

• Metastatic disease can be effectively palliated with soma-
tostatin analogues, and studies are demonstrating benefit 
for targeted biologic agents.

Glucagonoma
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Introduction

Neuroendocrine tumors (NETs) originate in the endocrine 
cells that populate the submucosa of the gastrointestinal (GI) 
tract [1]. The tumors were originally described by Langhans 
in 1867 and Lubarsch in 1888 [2]. Siegfried Oberndorfer in-
troduced the term “carcinoid” in 1907 to distinguish these tu-
mors as less aggressive tumors of the small bowel than most 
carcinomas [3]. Later, Gosset and Masson demonstrated that 
the cells of these tumors contain silver-salt reducing gran-
ules, leading to the concept that carcinoid tumors contain 

 argentaffin cells, which are derived from the Kulchitsky cells 
or enterochromaffin (EC) cells of the small intestine [3].

NETs of the small bowel can be divided into functional 
NETs, in which excess hormone secretion causes a clinical 
syndrome, and nonfunctional NETs, which are hormonally 
silent [1]. These are histologically and biochemically diverse 
tumors that usually correspond to the site of origin and hor-
mone secreting ability of the tumor [4]. In 1963, Williams 
and Sander classified carcinoid tumors based on their em-
bryonic division in the GI tract. They distinguished the tu-
mors based on foregut (bronchial, gastric, duodenal), midgut 
(jejunal, ileal, cecal), and hindgut (distal colic and rectal); 
and described the differences in their characteristics [1, 3]. 
In 2000, The World Health Organization (WHO) classified 
these tumors into NETs and neuroendocrine carcinomas in-
stead of carcinoids.

Epidemiology

Small bowel NETs are the most common neoplasm of the 
small intestine, surpassing adenocarcinoma of the small 
bowel. Data from the National Cancer Data Base (NCDB) 
and the Surveillance Epidemiology and End Results (SEER) 
national cancer registry indicate that over the past three de-
cades 37.4 % of all patients with small bowel malignancies 
had carcinoid tumors, whereas 36.9 % had adenocarcinomas. 
The incidence of small bowel NETs has increased fourfold in 
the past four decades [5]. The reported annual age-adjusted 
incidence of small bowel NETs increased from 1.09/100,000 
in 1973 to 5.25/100,000 in 2004 [6]. The increase in inci-
dence is thought to be in part due to improvement in clas-
sification systems, as well as increases in endoscopic proce-
dures, improvements in imaging, and improved recognition 
of neuroendocrine histology [1, 6].

NETs are distributed throughout the body; however, the 
majority of NETs are found within the GI tract (54.5 %). An 
analysis of all patients diagnosed with carcinoid tumors be-
tween 1973 and 1997 was performed from the SEER national 
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cancer registry. Among NETs found in the GI tract, 44.7 % of 
them were found in the small intestine, followed by the rec-
tum (19.6 %), appendix (16.7 %), colon (10.6 %), and stom-
ach (7.2 %). Within the small intestine, NETs were found 
in the ileum more than 50 % of the time; they were found 
less frequently in the jejunum and duodenum. Interestingly, 
while the incidence of small bowel NETs has increased, that 
of NETs of the appendix has decreased from 31.8 % of all 
carcinoids in 1973 to 12 % in 1997 [4]. Another analysis of 
13,715 carcinoid tumors registered in cancer registries in the 
USA between 1950 and 1999 found similar incidences. The 
majority of NETs were located in the GI tract (67 %). The 
breakdown of those found within the GI tract demonstrated 
that the majority arose in the small intestine (42 %), followed 
by the rectum (27 %), colon (20 %), stomach (20 %), and ap-
pendix (18 %) [7].

The median age at presentation for small bowel NETs is 
66, and 52 % of patients are male. Numerous studies have 
reported metastatic disease at the time of diagnosis in around 
30 % of patients. However, in a surgical series of 603 pa-
tients with small bowel NETs from a single high-volume 
center, Norlén et al. reported that 88 % of patients had mes-
enteric lymph node metastases and 61 % had liver metastases 
at the time of diagnosis. This may be due to selection bias 
or a more aggressive approach in the diagnosis of disease 
[4, 6, 8]. Midgut NETs have a higher proclivity to metasta-
size to regional lymph nodes and the liver. However, they 
are associated with a long life expectancy, as they proceed 
at an indolent pace compared to metastatic NETs originating 
from the foregut or hindgut [1, 5]. The most common sites of 
metastatic disease are liver, followed by the mesentery and 
peritoneum. Other sites include the skeleton, lungs, central 
nervous system, mediastinal lymph nodes, ovaries, breast, 
and skin [5].

Clinical Presentation

Patients with small bowel NETs may present with symp-
toms due to the local effects of the primary tumor, due to 
metastatic disease, or due to hormonal secretion causing car-
cinoid syndrome. Initially, small bowel NETs are typically 
asymptomatic or present with vague abdominal symptoms 
because they grow slowly in the intestinal wall. The most 
common presenting symptom is abdominal pain, which is 
often crampy and episodic [1]. The pain then progresses to 
abdominal distention, nausea and vomiting, diarrhea, and 
weight loss. Ultimately, patients may present with small 
bowel obstruction, ischemia, or bleeding [5]. This is often 
due to the mechanical effects of the intraluminal tumor or 
due to mesenteric lymph node involvement, which can pro-
duce a secondary desmoplastic response leading to bowel 
kinking and mesenteric ischemia (Fig. 1) [1]. In 30–45 % of 

patients, the diagnosis of small bowel NET is made at the 
time of exploration for a small bowel obstruction [5].

Carcinoid Syndrome

The term carcinoid syndrome was first described in 1954 
by Thorson et al., who were the first to draw a correlation 
between certain unusual clinical symptoms in patients with 
metastatic small bowel NETs. These symptoms include 
flushing, diarrhea, bronchospasm, and right-sided valvular 
heart disease [9]. Metastatic NETs of the midgut most com-
monly produce the classical carcinoid syndrome [1]. These 
manifestations are associated with the release of various sub-
stances from the tumor, including serotonin, 5-hydroxytryp-
tophan (HTP), histamine, dopamine, vasoactive intestinal 
peptide, and prostaglandins [5]. The liver detoxifies the sub-
stances that are released by primary small bowel NETs and 
mesenteric metastases as these pass through the portal circu-
lation into the liver. Serotonin is metabolized in the liver to 
5-hydroxyindoleacetic acid (5-HIAA), a urinary metabolite. 
Carcinoid syndrome occurs in patients with liver metasta-
sis in which the tumors can secrete vasoactive substances 
directly into the systemic circulation and bypass the portal 
circulation [10].

Flushing is the most common symptom of carcinoid 
syndrome and occurs in 73 % of patients. It presents as a 
diffuse erythematous flushing of the face, neck, and upper 
torso, which may be precipitated by exercise, stress, alcohol, 
or certain foods. Typically, patients experience symptoms 
episodically for 2–10 min. It is attributed to the release of 
prostaglandins, tachykinins, and serotonin from the tumors 

Fig. 1  (a) Intraoperative photo of small bowel obstruction due to kink-
ing caused by neuroendocrine tumor. (b) CT scan image demonstrating 
the same neuroendocrine tumor (indicated by arrow)
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[11, 12]. Diarrhea is the next most commonly observed 
symptom, with approximately 65 % of patients affected. 
Serotonin, prostaglandins, histamines, and tachykinins are 
involved in the pathogenesis of the diarrhea by stimulating 
peristalsis and therefore resulting in increased colonic transit 
times. They may also affect intestinal fluid and electrolyte se-
cretion via 5-HT2A receptors [13, 14]. Approximately 10 % 
of patients develop carcinoid heart disease over time due to 
long-standing elevations in circulating serotonin levels. Pa-
tients may develop tricuspid regurgitation and pulmonic ste-
nosis due to deposition of fibrotic tissue on the valves [15]. 
The right heart is affected preferentially over the left side 
due to the direct exposure to vasoactive substances secreted 
by liver metastases, whereas the pulmonary circulation inac-
tivates the hormones prior to exposure of the left side of the 
heart [16]. Patients with carcinoid heart disease may require 
heart surgery or valve replacement [5]. Bronchoconstriction 
occurs in 8 % of cases of carcinoid syndrome and is mani-
fested as wheezing [14].

Diagnosis

Biochemical Studies

Small bowel NETs produce both functional hormones and 
nonfunctional proteins that are released from their secretory 
vesicles. These may be used as biochemical markers to aid in 
the diagnosis and management of patients with small bowel 
NETs.

Urinary 5-HIAA, a metabolite of serotonin, is useful for 
the diagnosis and monitoring of patients with small bowel 
NETs. The measurement of 5-HIAA in a 24-h urine sample 
collected under strict dietary restrictions has a sensitivity 
of 73 % for localized disease and 100 % for metastatic dis-
ease. It has a specificity of 100 % for the presence of midgut 
carcinoid but is less useful for foregut and hindgut NETs, 
as these rarely produce serotonin [5, 14]. Although normal 
ranges vary by laboratory, the normal range for 24-h urine 
5-HIAA is between 2 and 15 mg/day. Certain drugs such as 
selective serotonin reuptake inhibitors, foods rich in trypto-
phan, and malabsorption syndromes such as celiac disease 
may increase 24-h urine 5-HIAA levels and produce a false 
positive result. Patients with carcinoid syndrome may have 
levels greater than 100 mg/day [1, 17].

When urinary 5-HIAA values are equivocal, whole blood 
serotonin levels may be helpful in making the diagnosis. The 
range of normal values for whole blood fasting serotonin 
levels varies between 71 and 310 ng/ml and can be extreme-
ly elevated in patients with carcinoid syndrome, with values 
as high as 790–4500 ng/ml [18]. The sensitivity and specific-
ity of blood serotonin assays have not been well established, 

and false-positive results may occur due to the release of 
platelet serotonin [1].

Chromogranins are glycoproteins that are stored within 
secretory vesicles and released with peptides and amines 
from neuroendocrine tissues. Well-differentiated NETs re-
lease elevated levels of chromogranin [1]. Chromogranin A 
is the most sensitive among the subtypes (chromogranin A, 
B, and C), and it is a sensitive but not specific marker for 
NETs. The sensitivity and specificity of chromogranin A de-
pend on the set cutoff value; a level greater than 32 U/L has 
a sensitivity of 75 % and specificity of 84 %. There is a cor-
relation between chromogranin A levels and tumor burden, 
and a level greater than 5000 g/L is an independent predictor 
of poor overall survival [19]. False-positive chromogranin A 
levels may result from atrophic gastritis, renal dysfunction, 
inflammatory bowel disease, and the use of proton pump in-
hibitors [20, 21]. Chromogranin A is used as a tumor marker 
in patients with an established diagnosis of NET, rather than 
as a screening test due to its low specificity. Levels can be 
followed to monitor disease progression, response to thera-
py, and surveillance for recurrence [22].

Various other secretory proteins have been proposed and 
studied as possible useful tumor markers for small bowel 
NETs. These include neuron specific enolase (NSE), sub-
stance P, neurokinin A, and pancreastatin. Although some 
studies have found that changes in these tumor markers cor-
relate with treatment response, tumor progression, or recur-
rence, chromogranin A still remains a more sensitive marker 
[23, 24]. The latest 2014 update of the National Comprehen-
sive Cancer Network (NCCN) guidelines for NETs still does 
not recommend routine measurement of any tumor marker 
[25].

Imaging

Primary small bowel NETs are often small in size and 
therefore difficult to identify in imaging studies. Lesions 
are more often identified by imaging studies once there is 
metastatic involvement of the mesentery or the liver [5]. 
The primary imaging modalities used to evaluate small 
bowel NETs are computed tomography (CT) scan, mag-
netic resonance imaging (MRI), and somatostatin receptor 
scintigraphy (SRS). Also, several novel imaging techniques 
are emerging using various positron emission tomography 
(PET) radiotracers [1].

Small bowel NETs may produce mesenteric masses by ei-
ther direct tumor involvement or metastasis to lymph nodes. 
These mesenteric masses are best evaluated by contrast-en-
hanced CT scan, which can demonstrate the dense desmo-
plastic fibrosis, often tethering the surrounding small bowel. 
Additionally, contrast enhancement aids in the evaluation 
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of resectability by visualizing the major mesenteric vessels 
and their relation to the tumor (Fig. 2) [1, 5]. CT enterogra-
phy also may be employed to identify primary small bowel 
tumors that are not visualized on standard CT scans [26]. 
Triple-phase CT scans are preferred when evaluating liver 
metastases, as NET metastatic lesions are hypervascular and 
therefore exhibit a pattern of enhancement during the early 
arterial phase and rapid washout during the portal venous 
phase [27].

MRI can delineate and detect liver metastases and is more 
sensitive than other imaging modalities. In a series of pa-
tients with metastatic small bowel NET to liver, MRI was 
able to detect more hepatic metastases than CT or SRS. Ad-
ditionally, MRI has the ability to detect subcentimeter hepat-
ic lesions, which is of benefit when planning cytoreductive 
hepatic surgery [28].

Small bowel NETs often express somatostatin receptors, 
which bind to the somatostatin analogue octreotide. SRS 
(e.g., Octreoscan) uses indium-111-labeled octreotide to 
identify areas of uptake in the body. This imaging modal-
ity visualizes the entire body, enabling the detection of ac-
tive lesions throughout the body. The sensitivity of SRS has 
been reported to be greater than 90 % [1, 5]. This imaging 
modality also provides useful information on the somatosta-
tin receptor status of the tumor to determine if the patient is 
eligible for treatment with somatostatin analogues [29]. Im-
provements in CT and MRI technology have led to a decline 
in the use of SRS in the workup of NETs. In one series, CT 
and MRI were superior to SRS at detecting pathologic le-
sions and found that SRS was inferior at detecting metastatic 
lesions less than 1.5 cm with a reported sensitivity of only 
35 % [28].

Recently, functional PET imaging modalities have 
emerged as novel methods to visualize NETs. Their advan-
tages include improved spatial resolution over CT and SRS, 
and improved sensitivity for detection of small lesions. The 
radiotracers used are not yet widely available but include 
18F-dihydroxyphenylalanine (18F-DOPA), 11C-5-hydroxy-
trytophan (11C-5-HTP), and 68 Ga-DOTATOC. Due to the 
limited availability of these radiopharmaceuticals, they are 
generally used only when other imaging techniques are un-
successful. Fluorodeoxyglucose (FDG)-PET scans are typi-
cally not used in the imaging workup of NETs because FDG 
only accumulates in high-grade NETs [29, 30]. FDG positiv-
ity is associated with early tumor progression and a higher 
risk of death. Recent studies have proposed the use of FDG-
PET as a method to identify tumors with a higher malignant 
potential [31, 32].

Pathology and Staging

The clinical behavior of small bowel NETs is closely asso-
ciated with the histological grade and differentiation of the 
tumors. Histological grade is determined by the proliferative 
activity of the tumor, which is measured by the mitotic rate 
and the Ki-67 index. Differentiation of the tumor describes 
how closely the tumor cells resemble normal endocrine cells, 
where well-differentiated tumors closely resemble normal 
endocrine tissues and poorly differentiated do not. The clas-
sification of NETs has evolved over the years, and in 2007 
the European Neuroendocrine Tumor Society (ENETS) pro-
posed a formal tumor, node, metastasis (TNM) staging for 
tumors of the lower jejunum and ileum, as well as incorpo-
rated a histologic grade into the new classification system. 
In 2010, the American Joint Committee on Cancer (AJCC) 
adopted this classification system. The TNM classification 
distinguishes between tumors that remain within the sub-
mucosa and are smaller than 1 cm (T1), tumors that invade 
muscularis propia or are larger than 1 cm (T2), tumors that 
invade through the muscularis propia into the subserosa or 
nonperitonealized tissue (T3), and tumors that invade peri-
toneum or other organs (T4; Table 1) [33, 34]. The World 
Health Organization’s pathological classification describes 
well-differentiated tumors as low grade (< 2 mitoses per 10 
high-power field [HPF] and ≤ 2 % Ki67 index) or intermedi-
ate grade (2–10 mitoses per 10 HPF or 3–20 % Ki67 index). 
Poorly differentiated tumors are high grade (> 20 mitoses per 
10 HPF or > 20 % Ki67 index) (Table 2) [35].

A recent study by Strosberg et al. examined the prognos-
tic validity of the AJCC staging classification by looking at 
691 patients with jejunal–ileal NETs and examining overall 
survival based on stage. The 5-year survival rate was 100 % 
for stage I and II tumors, 91 % for stage III tumors, and 72 % 
for stage IV tumors. There was a difference in survival in the 

Fig. 2  Axial (a) and coronal (b) CT scan images demonstrating a neu-
roendocrine tumor in the mesentery (indicated by arrow) and its rela-
tionship to the mesenteric vessels ( MV)
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stage IIIB patients based on resectability of the tumor, with 
a 95 % 5-year survival for resectable tumors compared to a 
78 % 5-year survival for unresectable tumors [36].

Management

Surgery

Management of small bowel NETs requires a multidis-
ciplinary approach to achieve the best long-term survival 
rates. Aggressive management with surgery, embolization 
of metastases, radiotherapy, metabolic therapy, and che-
motherapy can achieve long-term survival even in patients 
with advanced disease. Nevertheless, surgical resection 
with removal of the primary tumor with regional lymph 
nodes and resection of metastatic lesions when possible is 
the only hope for cure and is only possible in about 20 % of 
cases [37]. Surgery for resection of the primary tumor may 
be necessary even in patients with unresectable  metastases 
to treat or prevent local complications such as intestinal 
obstruction, ischemia, or bleeding, as well as to provide 
symptomatic control of carcinoid syndrome [38]. Although 
some controversy exits regarding whether resection of the 
primary tumor in these cases is associated with improved 
survival, most experts agree on resection for prevention of 
local complications from small bowel NETs in patients who 
are likely to survive long enough to experience  symptoms 
[39].

The most common location for small bowel NETs is the 
ileum, followed by jejunum. Surgical resection is deter-
mined by the precise location of the tumor. Tumors in the 
distal ileum near the ileocecal valve are treated with right 
hemicolectomy. Small bowel NETs located more proximal 
in the small bowel are managed by partial small bowel resec-
tion (Fig. 3). Although multifocality is rare, the entire bowel 

Table 1  TNM staging classification of small bowel NETs. (From [33]. Reprinted with permission from Springer)
T1 Tumor invades lamina propia or submucosa and is 1 cm or less
T2 Tumor invades muscularis propia or is greater than 1 cm
T3 Tumor invades through the muscularis propia, into the subserosa, or into non-peritonealized tissue
T4 Tumor invades the peritoneum or any other organs or structures
N0 No regional lymph node metastasis
N1 Regional lymph node metastasis
M0 No distant metastasis
M1 Distant metastasis
Stage T N M
I T1 N0 M0
IIA T2 N0 M0
IIB T3 N0 M0
IIIA T4 N0 M0
IIIB Any T N1 M0
IV Any T Any N M1
T tumor, N node, M metastasis

Table 2  Pathological classification of neuroendocrine tumors. (Data from [35])
Differentiation Grade Criteria
Well differentiated Low (typical) < 2 mitoses/10HPF and < 2 % Ki67 index

Intermediate (atypical) 2–20 mitoses/10HPF or 3–20 % Ki67 index
Poorly differentiated High > 20 mitoses/10HPF or > 20 % Ki67 index

Fig. 3  Intraoperative photos demonstrating a primary intraluminal 
neuroendocrine tumor of the small bowel and b lymph node metastasis 
in the small bowel mesentery
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should be inspected for additional synchronous lesions and 
lymphatic metastases. Regional mesenteric lymph nodes 
should be resected in conjunction with the small bowel in 
order to examine for lymph node metastases, a practice that 
has been associated with improved survival [39, 40]. Lymph 
node metastases at the root of the mesentery may involve 
the superior mesenteric vessels, and these cases should be 
referred to high-volume centers with surgical expertise. A 
laparoscopic approach may be used in certain cases to resect 
primary small bowel NETs and is associated with shorter 
hospital stays and decreased morbidity [37]. Radioguided 
exploration has recently been explored as a novel tool to as-
sist in the cytoreductive surgery for metastatic small bowel 
NETs [41].

Duodenal NETs are less commonly encountered, and op-
tions for surgical resection depend on their size and exact 
location. Endoscopic resection can be used for lesions less 
than 1 cm in size that are superficial. Tumors between 1 and 
2 cm can be treated by transduodenal excision. Larger tu-
mors and those in close proximity to the ampulla may re-
quire pancreaticoduodenectomy (Whipple procedure) [39].

Surgery for Liver Metastasis

The liver is the predominant site of metastasis in small bowel 
NETs, and a majority of patients will have liver metastases 
at the time of presentation. Management of liver metastases 
may be accomplished by surgical resection, ablation, trans-
arterial embolization (TAE) or chemoembolization (TACE), 
molecular targeted radiotherapy, and liver transplantation 
[5, 8].

Surgical resection of liver metastases remains the gold 
standard for patients in which it is an option. The 5-year sur-
vival for patients who undergo liver resection of metastatic 
small bowel NETs is 60–80 %. The ENETS consensus guide-
lines determined that the minimum requirements for liver 
resection with curative intent are: (1) resectable well-differ-
entiated liver disease with acceptable morbidity (~ 30 %) and 
less than 5 % mortality, (2) absence of right heart insufficien-
cy, and (3) absence of extra-abdominal metastasis or diffuse 
peritoneal carcinomatosis. Several factors are involved in the 
decision on the type of surgical resection for liver metasta-
ses. These include the number, size, and location of the liver 
lesions; the patient’s general condition; and estimation of ad-
equate functional residual liver parenchyma postoperatively 
[42]. In experienced hands, 65–70 % of whole liver volume 
may be resected in patients with acceptable liver function. 
One- or two-step procedures may be required based on the 
complexity of the resection, as well as in cases of bilobar 
liver metastases. Additionally, a combination of liver resec-
tion and ablative procedures may be employed in patients 

in order to maintain adequate liver function postoperatively. 
Patients with carcinoid syndrome should be managed preop-
eratively with somatostatin analogues to prevent carcinoid 
crisis perioperatively [5].

Palliative debulking has a role in the management of pa-
tients in which curative resection is not possible and whose 
hormonal symptoms do not respond to medical therapy. 
However, the removal of greater than 70 % of tumor volume 
by resection or ablative techniques is required in order to be 
effective, and sufficient hepatic reserve and function must be 
maintained [43].

Ablative Techniques

The most frequently employed ablative technique for NET 
liver metastases is radiofrequency ablation (RFA). It can be 
used either as sole therapy for liver metastasis or in combi-
nation with resection. RFA is very effective at relieving the 
symptoms of NET metastasis and in achieving local control 
of metastatic lesions. It has the advantage that it can often 
be performed percutaneously under image guidance and, 
therefore, is beneficial for patients who are poor surgical 
candidates [5]. It is not recommended for tumors larger than 
5 cm or those near vital structures, large vessels, and cen-
tral bile ducts. Although ablation may be performed multiple 
times within the same metastases, as tumor size increases to 
> 3 cm, it is increasingly difficult to fully ablate the tumor. 
Once a tumor reaches > 5 cm in size, it is considered unsuit-
able for RFA [42]. While surgical resection remains the most 
effective management of liver metastases, the combination 
of RFA with surgery offers the opportunity for complete 
tumor removal in patients who would otherwise be unresect-
able [44, 45].

Selective TAE or TACE can be used to treat patients with 
unresectable liver metastases. Objective tumor responses 
and symptom control are seen in over 50 % of patients. There 
is no evidence to suggest that survival is prolonged with 
TACE or that it is superior to RFA [42]. The overall 5-year 
survival rate after TACE ranges between 50 and 86 % in the 
literature. The cytotoxic agents used are most often doxoru-
bicin or streptozotocin. TACE should only be performed in 
experienced centers, as it can be associated with significant 
morbidity. The procedure is contraindicated in patients with 
portal vein thrombosis or hepatic insufficiency [46].

Laser-induced thermotherapy (LITT) is another method 
of controlling liver metastases. The range of effect can be 
more precisely controlled than other modalities, but the 
heat produced by the laser limits its use for tumors adja-
cent to vital structures. Most centers favor the use of RFA 
over that of LITT due to availability and effectiveness of 
treatment [47].
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Medical Therapy for Systemic Disease

Somatostatin analogues are effective at treating the symp-
toms of metastatic small bowel NETs, as they inhibit the re-
lease of neuroendocrine hormones, including serotonin. Up 
to 80 % of patients experience symptomatic improvement [1]. 
In a clinical trial evaluating subcutaneous octreotide for the 
treatment of carcinoid syndrome, 88 % of patients reported 
improvement of flushing and diarrhea, and 72 % of patients 
had a decrease in urine 5-HIAA levels [48]. Side effects of 
somatostatin analogues include abdominal discomfort, flatu-
lence, malabsorption, steatorrhea, and gallstone formation. 
Therapy is usually initiated with short-acting analogues and 
transitioned to long-acting depot formulations of octreotide, 
which can be administered once a month. The efficacy of 
therapy is monitored by observing symptom improvement 
and following levels of urinary 5-HIAA, plasma serotonin, 
and plasma substance P [49].

Patients with carcinoid syndrome may experience carci-
noid crisis when undergoing invasive procedures or with any 
significant stress to the body. They may experience circula-
tory collapse, which is caused by the release of serotonin 
and other vasoactive substances into the circulation. These 
patients should receive prophylactic dosing of octreotide 
subcutaneously or intravenously before undergoing any in-
vasive procedure to prevent the development of carcinoid 
crisis. Patients who develop symptoms of carcinoid crisis 
should be treated with bolus doses of intravenous octreotide 
until symptoms are controlled [50].

Somatostatin analogues have been found to have antip-
roliferative effects, and evidence has emerged suggesting 
they are capable of inhibiting tumor growth. In one study, 
they were effective at stabilizing tumor growth in approxi-
mately 50 % of patients who had prior evidence of tumor 
progression [51]. The antiproliferative effects are medi-
ated through direct interaction on somatostatin receptors, as 
well as through direct inhibition of insulin-like growth fac-
tor and vascular endothelial growth factor [52]. A placebo-
controlled, randomized, prospective study published in 2009 
found a statistically significant improvement in median time 
to progression between the placebo group (6 months) and 
the group that received long-acting octreotide (14.5 months) 
[53].

Interferon-alpha is another treatment available for the 
management of metastatic NETs. Interferons function by 
various mechanisms, including stimulation of T cells, in-
hibition of angiogenesis, and induction of cell cycle arrest. 
Additionally, they have been found to induce expression of 
somatostatin in NETs [54]. Interferon-alpha successfully 
controls symptoms and produces a decrease in biochemical 
markers in 50 % of patients, but tumor responses are only 
seen in about 10 % of patients. The treatment effect is not as 

rapid and the side effects are more pronounced than that of 
somatostatin analogues [55]. Therefore, interferon-alpha is 
a second-line treatment that is recommended only for func-
tional tumors with a low proliferation rate.

Targeting somatostatin receptors with radiolabeled so-
matostatin analogues is the basis of peptide-receptor radio-
therapy (PRRT), a promising new treatment option. Approx-
imately 80 % of well-differentiated NETs express high levels 
of somatostatin receptors, which is a requirement in order to 
receive PRRT [56]. The first radiolabeled somatostatin ana-
logue used for PRRT was indium-111 pentetreotide, which 
demonstrated symptomatic improvement but poor tumor 
remission. 90-Y-DOTATOC, a high-energy beta particle 
emitter, was the next radiolabeled somatostatin analogue 
to emerge. It has a reported objective treatment response of 
9–33 % in the literature, and a median duration of response 
of 30 months. It produces a high level of symptom con-
trol, and 70 % of patients achieved stability of disease [57]. 
177-Lu-octreotate is a compound that emits beta and gamma 
particles with an increased affinity for somatostatin receptor 
2. PRRT with 177-Lu-octreotate has demonstrated an objec-
tive response in 29 % of patients; it has achieved stability of 
disease in 35 % of patients and a median duration of response 
of 40 months. Treatment with 177-Lu-octreotate seems to 
confer a survival benefit of several years. It is an encourag-
ing treatment for metastatic small bowel NETs [58].

Chemotherapy for NETs is indicated in patients with un-
resectable progressive liver metastasis and includes treat-
ment with combinations of streptozotocin, doxorubicin, and 
5-fluorouracil. The benefits for cytotoxic chemotherapy for 
metastatic small bowel NETs are limited, as objective re-
sponse rates are seen in only about 35 % of patients [42].

Summary

Small bowel NETs are the most common neoplasm of the 
small intestine, and their incidence has increased in the past 
four decades. Greater than 80 % of patients with small bowel 
NETs may present with metastasis at the time of diagnosis. 
Biochemical and imaging studies are important in the diag-
nostic workup and surveillance of small bowel NETs. Surgi-
cal resection of the primary tumor with regional lymph nodes 
and resection of metastatic lesions when possible is the only 
hope for cure and only possible in about 20 % of cases. In pa-
tients with unresectable metastases, ablative techniques exist 
which can achieve tumor control. Patients with systemic 
disease may be treated with somatostatin analogues, as well 
as new emerging modalities such as peptide-receptor radio-
therapy. Advancements in the treatment of metastatic lesions 
with ablative techniques and targeted medical therapy have 
improved survival.



330 J. C. Farra and S. E. Rodgers

Key Summary Points

• Small bowel NETs are the most common neoplasm of the 
small intestine, and their incidence has increased in the 
past four decades.

• Biochemical and imaging studies are important in the 
diagnostic workup and surveillance of small bowel NETs.

• Surgical resection of the primary tumor with regional 
lymph nodes and resection of metastatic lesions when 
possible is the only hope for cure and only possible in 
about 20 % of cases.

• In patients with unresectable metastasis, ablative tech-
niques exist which can achieve tumor control.

• Patients with systemic disease may be treated with soma-
tostatin analogues, as well as new emerging modalities 
such as peptide-receptor radiotherapy.

• Advancements in the treatment of metastatic lesions with 
ablative techniques and targeted medical therapy have 
improved survival from small bowel NETs.
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Introduction

The family of neuroendocrine tumors consists of a spectrum 
of neoplasms that can arise from the diffuse endocrine sys-
tem throughout the body. The carcinoid tumor, a member of 
this fascinating family of tumors, is characterized by its abil-
ity to uptake (or synthesize), store, and release a variety of 
biogenic amines, polypeptides, and prostaglandins (Table 1). 
Although carcinoid tumors have been reported in essentially 
all tissues, the overwhelming majority of these neoplasms 
originate in the gastrointestinal tract [1–3]. Most carcinoid 
tumors have a relatively slow-growing, indolent natural his-
tory but sometimes they can behave in a highly malignant 
fashion, exhibiting metastatic behavior, most often to the 
liver and lungs [4].

The early symptoms of carcinoid tumor are nonspecific 
and may include abdominal pain, diarrhea, intermittent in-
testinal obstruction, and gastrointestinal bleeding. These 
often vague and generalized signs and symptoms produce 
a delay in diagnosis in many patients. Although symptoms 
may be caused by mechanical effects of the tumors, symp-
toms of carcinoid tumors are also caused by the effects of 
amine and neuropeptide substances secreted into the gastro-
intestinal tract or the systemic circulation [1]. The effects of 
these chemicals, collectively referred to as the carcinoid syn-
drome, are diverse and include cutaneous flushing, diarrhea, 
carcinoid heart disease, bronchoconstriction, hypotension, 
hypertension, and pellagra (Fig. 1) [1].

The classic carcinoid syndrome does not develop until 
a tumor has metastasized to the liver and or lung, and the 
hormonal products released by the tumor reach the central 
venous circulation in substantial concentrations [5]. Some 
patients with functioning gastric or bronchial carcinoids 

have clinical and biochemical variations from the classic 
syndrome [6].

Epidemiology

The incidence of classical carcinoid syndrome, which is char-
acterized by flushing, diarrhea, abdominal cramping, and, 
less often, wheezing, heart-valve dysfunction, and pellagra, 
varies depending on the study population. While studies that 
include patients with localized and incidental tumors report 
the frequency of carcinoid syndrome to be about 10–18 %, 
the prevalence may be as high as 50 % among patients with 
advanced and metastatic disease [7–11]. The syndrome re-
sults from synergistic interactions between biochemical 
substances secreted by the tumor, and it is often observed in 
patients with metastatic disease or when the primary tumor 
site allows the secreted amines to escape enteral hepatic cir-
culation The presence of carcinoid syndrome is associated 
with poor survival [10].

Biochemistry of Carcinoid Syndrome

In 1954, Pernow and Waldenstrom demonstrated the pres-
ence of serotonin in the blood and urine of two patients with 
carcinoid tumor during an attack of flushing [12]. Originally, 
the whole spectrum of symptoms was related to the produc-
tion and secretion of serotonin by the tumor and its metasta-
ses [5, 12]; however, since that time, a number of hormonal 
substances contributing to the signs and symptoms of carci-
noid syndrome have been described, and the syndrome itself 
has been more fully characterized [8].

Carcinoid tumors produce and secrete a great variety 
of bioactive compounds, including serotonin, histamine, 
 bradykinin, tachykinin, motilin, substance P, kallikrein, 
prostaglandins, catecholamines, and in some cases adreno-
corticotropic hormone [1, 10, 13]. Although the contribution 
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of each of these mediators is not yet completely understood, 
some of them including serotonin, histamine, tachykinins, 
and kallikrein are thought to play a major role in the devel-
opment of the clinical picture of carcinoid syndrome.

Tryptophan and Serotonin

Tryptophan is an essential amino acid, and, therefore, must 
be obtained from the diet. In healthy people, as much as 
99 % of dietary tryptophan is metabolized by the oxidative 
pathway into nicotinic acid, and 1 % or less is converted into 
5-hydroxytryptophane [7, 10, 14]. In carcinoid tumors, how-
ever, a disequilibrium of tryptophan metabolism has been 
hypothesized whereby as much as 60–70 % of the body’s 
tryptophan may be shunted to 5-hydroxylation and pro-
duction of 5-hydroxytryptophane instead of nicotinic acid 
(Fig. 2) [7, 15]. This is the most constant biochemical feature 
of carcinoid tumors.

The typical midgut carcinoid tumors also contain aro-
matic amino acid decarboxylase (AADC), which catalyzes 
the conversion of 5-hydroxytryptophane to 5-hydroxytrypta-
mine (serotonin) (Fig. 2). Hindgut and foregut tumors such 
as gastric carcinoids, however, are frequently deficient in 
this enzyme and release 5-hydroxytryptophane instead of 
serotonin. Following its release into the portal circulation, 
almost all circulating serotonin is rapidly metabolized by the 
liver enzymes monoamine oxidase and aldehyde dehydroge-
nase and converted into the respective inactive metabolites 
5-hydroxyindoleacetaldehyde and 5-hydroxyindoleacetic 
acid (5-HIAA). 5-HIAA is excreted into the urine as urinary 

5-HIAA, which can be used as a biomarker of the tumor 
activity. Although in smaller amounts, removal of serotonin 
from the bloodstream can also be mediated by its active up-
take in the platelets.

5 -Hydroxyindoleacetic Acid

5-HIAA is the end product of serotonin metabolism (Fig. 2). 
The measurement of 24-h urinary excretion in patients sus-
pected to have carcinoid syndrome is a useful initial diagnos-
tic test with a sensitivity and specificity of over 90 % [16, 17]. 
However, certain drugs and tryptophan/serotonin-rich foods 

Table 1  Bioactive substances secreted by carcinoid tumors
Hormones Precursor/

activator
Products

Amines Tryptophan Serotonin
5-Hydroxytryptophan
5-HIAA

Histidine Histamine
Peptides Kallikrein Bradykinin

Kallidin
Tachykinins Substance P

Neurokinin A
Neurokinin B
Neuropeptide K
Hemokinin-1

– Motilin
ACTH
Chromogranin A

Prostaglandins PGE synthase Prostaglandins E
PGF synthase Prostaglandins F

5-HIAA 5-hydroxyindoleacetic acid, PGE synthase prostaglandin E 
synthase, PGF synthase prostaglandin F synthase, ACTH adrenocor-
ticotropic hormone

Fig. 1  A 62-year-old woman with carcinoid syndrome-related flush-
ing, elevated urinary 5-HIAA, and an unknown primary. The image 
shows flushing in the patient before octreotide therapy (a) and after 
octreotide therapy (b)

 

Fig. 2  Tryptophan metabolism in carcinoid tumors. Thick lines depict 
predominant tryptophan metabolic pathway in carcinoid tumors. AADC 
aromatic amino acid decarboxylase, MAO monoamine oxidase, ADH 
aldehyde dehydrogenase, 5-HIAA 5-hydroxyindoleacetic acid, IADO 
Indoleamine-2,3-dioxygenase
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can lead to false positive results, and these foods should be 
avoided for at least 24 h prior to urine collection [18]. While 
the test is generally most useful in patients with midgut car-
cinoid tumors, its sensitivity could be lower in patients with 
carcinoid tumors without carcinoid syndrome [16]. The nor-
mal rate of 5-HIAA excretion ranges from 2 to 8 mg/day 
(10–42 µmol/day). Patients with carcinoid syndrome may 
have variable 5-HIAA urinary levels ranging from mildly 
elevated (30 mg/day) to more than 2000 mg/day [17].

Tachykinins

The peptides of the tachykinin family are one of the largest 
families of neuropeptides many of which are present in nor-
mal enterochromaffin cells of the gastrointestinal tract and 
in many neuroendocrine tumors including carcinoid tumors 
[11, 19–23]. Among the members of the tachykinin family 
are substance P, neurokinin A and B, neuropeptide K, and he-
mokinin-1 [24, 25]. Tachykinins have been shown to possess 
a number of biological activities, including smooth-muscle 
contraction, vasodilatation, pain transmission, activation 
of the immune system, and stimulation of endocrine gland 
secretion [20, 26].

Histamine

Although primary gastric carcinoids are frequently deficient 
in the enzyme AADC and lack the ability to produce sero-
tonin, they overexpress the enzyme histidine decarboxylase, 
which converts the essential amino acid histidine into hista-
mine [27]. Histamine has been suggested to be the primary 
causative agent for the atypical flushing and pruritus associat-
ed with these tumors [28]. This hypothesis was supported by 
the observation that administration of histidine markedly in-
creased the frequency, severity, and duration of flushing [29]. 
In addition, this flushing can be ameliorated by combined H1 
and H2 antagonists [30]. Healthy people excrete normally 
< 20 μg of histamine per 24 h, while patents with gastric car-
cinoid syndrome may excrete > 200 μg per 24 h [30].

Kallikrein and Prostaglandins

Series of investigations have implicated the kallikrein–kinin 
system in the pathogenesis of carcinoid syndrome [28, 29, 
31]. Kallikrein is a protease that cleaves kininogens to form 
kinins (bradykinin and kallidin) plasma proteins that are fur-
ther converted into vasoactive peptides. It has been shown 
that some carcinoid tumors contain kallikrein, and the hepat-
ic venous blood draining carcinoid liver metastases contains 
bradykinin [28, 29]. Bradykinin is one of the most potent 
vasodilators known and may be responsible for flushing in 
some carcinoid patients [29]. Kinins also stimulate intestinal 
motility and increase vascular permeability [28].

It has been suggested that prostaglandins E and F stimu-
late intestinal motility and fluid secretion in the normal gas-
trointestinal tract [32–34]. Elevated serum prostaglandin 
concentrations have been found in patients with the carci-
noid syndrome, suggesting that these compounds may also 
play a role in some aspects of the carcinoid syndrome. How-
ever, there is no direct evidence to support this hypothesis 
and their role in the constellation of symptoms that are pres-
ent in carcinoid syndrome is uncertain [35].

Clinical Presentation of Classical Carcinoid 
Syndrome

Carcinoid syndrome is generally characterized by flush-
ing, diarrhea, and, less commonly, wheezing, heart-valve 
dysfunction, and pellagra (Table 2) [1, 10, 23, 36]. The fre-
quency of carcinoid syndrome correlates with the extent of 
the metastatic carcinoid disease, and it can be as low as 10 % 
in localized cases, but can occur in 40–50 % of patients with 
more advanced disease [7–11, 37]. The presence of carcinoid 
syndrome is associated with poor survival [10].

Not all patients with carcinoid tumors develop the car-
cinoid syndrome. Symptoms develop when the secretory 
products released from the tumors gain direct access to the 
systemic circulation, bypassing metabolism in the liver. The 
conditions in which such a bypass may develop include the 
presence of liver and lung metastases draining directly into 

Table 2  Common symptoms in patients with the carcinoid syndrome: frequency and association with secreted compounds
Symptoms Putative substances Frequency (%) References
Flushing Histamine, tachykinins, kallikrein, bradykinin > 90 [5, 39, 40]
Diarrhea Serotonin, substance P, motilin, prostaglandins 70–85 [32–34, 46–48, 50, 51]
Cardiac valvular disease Serotonin, 5-HIAA, neurokinin A, substance P ~40–60 [52, 56, 58–60]
Telangiectasias Serotonin, bradykinin, prostaglandins 25 [5, 7, 37]
Bronchospasm Serotonin, bradykinin 15–19 [1, 8, 5, 10, 37]
Pellagra (dermatitis, diarrhea, dementia) Niacin deficiency due to excess tryptophan 

metabolism
5–7 [5, 10, 11, 37]

5-HIAA 5-hydroxyindoleacetic acid
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the caval circulation, retroperitoneal disease with drainage 
into paravertebral veins, or primary sites of disease outside 
the gastrointestinal tract [37, 38]. In up to 90 % of patients, 
the development of the carcinoid syndrome is associated 
with metastatic tumors originating in the midgut [37]. In 
contrast, bronchial carcinoid tumors are associated with the 
carcinoid syndrome in approximately 10 % of cases, and 
nearly all hindgut tumors are hormonally silent. As many as 
40 different substances have been identified in various car-
cinoid tumors (Table 3) [18]. Some of these tumor products 
are responsible for the carcinoid syndrome, but the relative 
contributions of each and specificity of any for particular 
components of the syndrome are yet unknown.

Skin Flushing

Most studies cite flushing in the skin as the most common and 
first discernible symptom of carcinoid syndrome that occurs 
in over 90 % of patients [5, 39, 40]. Four types of flushing 
patterns may occur including the diffuse erythematous, vio-
laceous, prolonged, and bright red patchy type. These pat-
terns can last from 2 to 10 min, affecting the face, neck, and 
upper chest, or up to 2–3 days, affecting the whole body with 
lacrimation, edema of the salivary glands, and hypotension 
[8, 10]. The diffuse erythematous flush is short-lived, lasts 
2–10 min, affects the face, neck, and upper chest, and is usu-
ally associated with midgut carcinoids [8, 11]. The viola-
ceous flush type is similar to the diffuse erythematous flush, 
except that attacks may be longer and patients may develop a 
permanent cyanotic flush with facial telangiectasias, watery 
eyes, and injected conjunctiva. This type of flushing is usual-
ly associated with foregut carcinoids. Prolonged flushes last 
up to 2–3 days, may involve the whole body, and may also be 
associated with profuse lacrimation, swelling of the salivary 
glands, hypotension, and facial edema. This type of flushing 
is a hallmark of bronchial carcinoids. The bright red, patchy 

flushing typically seen with gastric carcinoids is the result 
of increased histamine production. As a consequence of pro-
longed vasodilatation, some patients may develop venous 
telangiectasia characterized by purplish vascular lesions, 
similar to those seen in acne and rosacea. These lesions most 
often occur on the nose, upper lip, and malar areas may ap-
pear late in the course of the carcinoid syndrome.

Based on the fact that serotonin is the major recognized 
chemical secreted by the majority of carcinoid tumors, it 
is commonly, but incorrectly, thought that serotonin is the 
cause of the flushing. It has been shown that the magnitude 
of the facial flushing does not correlate with the levels of 
serotonin present [41]. In addition, it was found that the in-
jection of serotonin does not cause flushing, and serotonin 
antagonists, which ameliorate the diarrhea, do not alleviate 
the flushing [5, 30, 41].

A correlation between tachykinins levels and flushing has 
been described [19, 21, 42, 43]; however, direct proof that 
tachykinins can cause flushing has not yet been provided 
[10]. It has been shown that intraluminal tachykinin con-
centrations are higher in patients with carcinoid syndrome 
than in healthy control subjects [44]. An association between 
flushing and secretion of kallikrein (the enzyme producing 
bradykinin, one of the most powerful vasodilators known) 
has been reported by some investigators [7, 45] but ques-
tioned by others [31, 41].

Diarrhea

Diarrhea may occur at least as frequently, and according 
to some studies, more often than flushing [46–48]. Secre-
tory diarrhea may occur in more than 80 % of patients and 
is one of the most debilitating components of the carcinoid 
syndrome [37, 46]. Stools may vary from few to more than 
30 per day, are typically watery and non-bloody, and can be 
explosive and accompanied by abdominal cramping [39]. 

Table 3  Association of carcinoid syndrome with carcinoid tumor localization and secreted compounds
Site of tumor Localization Secreted substances Carcinoid syndrome
Foregut Bronchus 5-Hydroxytryptophan, histamine, peptide hor-

mones, ACTH (bronchial, thymus)
Atypical, rarely Cushing’s syndrome

Thymus
Stomach
Duodenum
Pancreas

Midgut Jejunum Serotonin, peptide hormones, prostaglandins Classical
Ileum
Appendix
Ascending colon

Hindgut Transverse colon Variable peptide hormones Rare
Descending colon
Sigmoid colon
Rectum

ACTH adrenocorticotropic hormone
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The abdominal cramps may be a consequence of mesen-
teric fibrosis or intestinal blockage by the primary tumor. 
The diarrhea is usually unrelated to flushing episodes. Tran-
sit time through the intestine may be extremely short [47]. 
The pathophysiology of diarrhea in patients with the carci-
noid syndrome is not completely understood. Earlier stud-
ies have shown a role of fluid and electrolyte secretion with 
accelerated small bowel and colonic transit in patients with 
carcinoid diarrhea and no previous intestinal resections [48, 
49]. Elevated levels of serotonin in plasma or of its urinary 
metabolite, 5HIAA, and increased plasma substance P and 
motilin have been documented in patients with the syndrome 
[47, 48, 50, 51].

Cardiac Valvular Disease

The association between malignant carcinoid tumors and 
right-sided cardiac lesions is well known, but the pathoge-
netic link between tumor bioactivity and cardiac disease re-
mains incompletely understood [1, 18, 37, 52, 53]. The first 
clinical signs of carcinoid heart disease including fatigue and 
dyspnea on exertion are nonspecific and often subtle early 
in the course of the disease, and may be well tolerated for 
many months [54, 55]. However, right-sided heart failure 
with worsening dyspnea, edema, and ascites may develop 
with progressive disease in up to two thirds of patients with 
carcinoid syndrome and may be the initial presentation in up 
to 20 % of patients [37, 54–56].

Carcinoid heart disease is characterized by pathogno-
monic plaque-like deposits of fibrous tissue [57]. Plaques 
may develop on the endocardium of the right ventricle and 
atrium, the valve leaflets, and the subvalvular apparatus, in-
cluding chordae and papillary muscle [56]. The preponder-
ance of right-sided lesions suggests that causal factors may 
be released into the hepatic veins from the liver metastases. 
A growing body of evidence points toward an important role 
and involvement of serotonin, 5-HIAA, and plasma neuroki-
nin A and substance P [52, 56, 58–60]. In many patients with 
carcinoid heart disease, the predominant terminal symptoms 
and death may be attributed directly to cardiac disease [54, 
55, 61].

Wheezing and Bronchospasm

Bronchospasm is usually associated with flushing. Both se-
rotonin and bradykinin have been implicated as causes of 
bronchospasm [1, 8, 10, 11]. It is critical to note that this 
bronchospasm must not be treated like an asthmatic broncho-
spasm with epinephrine because epinephrine will provoke 
a vasomotor attack leading to death. Steroids should be the 
treatment of choice instead [39].

Less Common Manifestations

Although the earliest clinical manifestations of carcinoid 
syndrome are usually skin flushing and diarrhea, other less 
common symptoms may herald this syndrome.

Rarely, the diversion of dietary tryptophan for synthesis of 
large amounts of serotonin instead of niacin can result in the 
development of pellagra [62]. This condition is manifested 
by rough scaly skin, glossitis, angular stomatitis, and mental 
confusion [39]. Diarrhea and malabsorption can exacerbate 
this process and lead to general muscle wasting.

The development of fibrosis in carcinoid syndrome is 
usually associated with fibrotic lesions of the right side of 
the heart involving the tricuspid and pulmonic valves; how-
ever, gross fibrosis of the peritoneum, mesentery, and blad-
der wall have also been associated with the carcinoid syn-
drome [63, 64].

Variant Carcinoid Syndrome

Gastric and bronchial carcinoids have specific biochemical 
characteristics that may lead to the development of variant 
carcinoid syndrome.

Gastric Variant

Gastric carcinoid tumors have two important biochemical 
features, which may explain at least in part the pathophysi-
ological basis of variant gastric carcinoid syndrome. First, 
gastric carcinoids are usually unable to convert the dietary 
tryptophan into serotonin, because they are frequently defi-
cient in the enzyme AADC. Serotonin has been increasingly 
implicated in the pathophysiology of diarrhea [47, 48, 50] 
and carcinoid heart disease [52, 56, 58, 60, 64]. As a conse-
quence, the diarrhea and cardiac lesions, which are common 
features of classic midgut carcinoid syndrome, are unusual 
in gastric variant of the syndrome [6, 65]. Second, gastric 
carcinoids can produce large amounts of histamine [66], 
which has been shown to play primary role in the atypical 
flushing and pruritus associated with these tumors [28]. In 
patients with the gastric carcinoid variant, the flushes may 
be patchy, sharply demarcated, serpiginous, and cherry red; 
they are also intensely pruritic.

Bronchial Carcinoid Variant Syndrome

Bronchial carcinoids produce less serotonin than do mid-
gut carcinoids, accounting for a lower rate of carcinoid 
syndrome (Table 3) [67]. Although carcinoid syndrome 
is encountered only rarely among patients with localized 
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 bronchial  carcinoids (majority of typical carcinoids), it can 
be present in over 80 % of patients with liver metastases 
[68]. The symptoms of bronchial carcinoid syndrome may 
be atypical, with episodes of severe and prolonged flushing, 
lasting hours to days. Other related manifestations includ-
ing disorientation, anxiety, tremor, lacrimation, salivation, 
hypotension, tachycardia, diarrhea, asthma, and edema [69]. 
Approximately, 1–2 % of bronchial carcinoids (both typi-
cal and atypical) are associated with Cushing’s syndrome 
due to ectopic production of adrenocorticotropic hormone 
[70–72].

Carcinoid Crisis

Some patients with carcinoid tumors may develop carci-
noid crisis, a life-threatening form of carcinoid syndrome, 
characterized by profound flushing, diarrhea, arrhythmias, 
extreme changes in blood pressure, bronchospasm, and al-
tered mental status [73]. This medical emergency may occur 
spontaneously, during anesthesia, surgery, or chemotherapy 
[37, 74]. It has been hypothesized that these precipitating 
events may stimulate release of an overwhelming amount of 
bioactive compounds by the tumor, leading to a multisystem 
functional collapse refractory to fluid resuscitation and ad-
ministration of vasopressors [37]. A great deal of precaution 
is needed prior to surgery, embolization, or chemotherapy, 
because carcinoid crisis may be precipitated by anesthesia 
with intraoperative complications occurring in 2 % to great-
er than 50 % of patients [8, 75, 76]. Octreotide should be 
available for intraoperative use or given preemptively, es-
pecially in patients with extensive tumor load [77]. During 
carcinoid crisis, an initial bolus dose of 50 mg intravenously 
with further increments as required can be successful in re-
versing the condition [37]. In addition, histamine receptor 
blockers may be useful in reducing histamine release [74]. 
Close hemodynamic monitoring may be required for patients 
with carcinoid heart disease, who are at risk of developing 
arrhythmias and extreme changes in blood pressure. Re-
gional anesthesia and specific pharmacologic agents such 
as morphine, suxamethonium, beta-blockers, tubocurarine, 
halothane, and atracurium should be avoided [8, 37].

Key Summary Points

• Symptoms of classic carcinoid syndrome develop when 
bioactive products released from the carcinoid tumors 
gain direct access to the systemic circulation, bypassing 
metabolism in the liver.

• Carcinoid syndrome is generally characterized by epi-
sodic flushing and diarrhea; however, the manifesta-
tion of carcinoid syndrome may vary among individual 

patients and symptoms such as wheezing, heart-valve 
dysfunction, and pellagra may be present less frequently.

• In the majority of cases, carcinoid syndrome is associ-
ated with metastatic tumors originating in the midgut; 
however, some patients may have gastric or bronchial 
carcinoids that present with atypical carcinoid syndrome 
symptoms.

• The frequency of carcinoid syndrome is associated with 
heavy tumor burden. It can be as low as 10 % in localized 
cases, but can occur in 40–50 % of patients with more 
advanced disease.

• Carcinoid tumors produce and secrete a variety of bioac-
tive compounds, including serotonin, histamine, bradyki-
nin, tachykinin, motilin, substance P, kallikrein, prosta-
glandins, catecholamines, and in some cases adrenocor-
ticotropic hormone; however, the contribution of each of 
these mediators to carcinoid syndrome is not completely 
understood.

• The most prominent biochemical characteristic of car-
cinoid tumors is the shunting of tryptophan metabolism 
toward the production of serotonin instead of nicotinic 
acid. 5-HIAA is the end product of serotonin metabolism.

• The measurement of 24-h urinary excretion of 5-HIAA 
is the initial diagnostic test in patients suspected to have 
classic carcinoid syndrome, but it may not be useful in 
patients with carcinoid syndrome due to foregut or bron-
chial carcinoid tumors.

• Some patients with carcinoid tumors may develop carci-
noid crisis, a life-threatening form of carcinoid syndrome, 
characterized by profound flushing, diarrhea, arrhyth-
mias, and extreme changes in blood pressure, broncho-
spasm, and altered mental status. This medical emergency 
may occur spontaneously or during surgery, biopsy, and 
anesthesia. Less commonly, carcinoid crisis may develop 
after chemotherapy, hepatic arterial embolization, or 
radionuclide therapy.

• Administration of prophylactic subcutaneous or intrave-
nous octreotide in patients undergoing surgery or hepatic 
artery embolization for metastatic carcinoid is recom-
mended and may reduce the incidence of carcinoid crisis.
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When Sigfried was 9 years old, he probably did not think 
that he would discover a very specific type of malignant 
tumor, which even today, i.e., more than 100 years after his 
finding, is a strange, different, and difficult-to-treat variant of 
the neuroendocrine tumors (NET) [1, 2].

Sigfried was born in June 1879 in Munich, Germany. His 
father Heinrich and mother Helene were both Jewish. Sig-
fried had five siblings. The health issues of his childhood 
were typical of the time, centered around infectious diseases 
and general survival. He himself survived typhoid fever at 
3 years of age, but lost a sister who at the age of 25 died of 
ruptured appendicitis. Sigfried was probably a skilled pupil 
at school, interested in Greek and Latin literature. He gradu-
ated in 1895 at 16 years of age. He proceeded to medical 
school at the University of Munich. He presented his thesis 
about syphilis in 1899, and shortly after received his medi-
cal license in 1900. Already during medical school, he be-
came interested in pathology, which he studied in Kiel with 
Professor Heller, and later after finishing medical school, at 

the Institute of Pathology in Geneva with Professor Zahn, 
and in Munich with Professor Bollinger. However, he also 
saw living patients while working as a ship doctor on the 
Atlantic in 1901. To maintain a normal life and support his 
family, he also worked as a general practitioner for a short 
while. Otherwise, his main interest was pathology and he 
made a significant career locally, presenting research data on 
many topics including chronic appendicitis which also was 
his habilitation thesis [3]. Around this time, he met a woman 
named Gutta who became his wife in 1906. They later raised 
three children (Fig. 1).

He was the youngest Jewish physician ever appointed to 
the faculty in 1906. He received, at 29 years of age, Venia 
Legendi (permission to teach). His inaugural lecture was a 
fascinating discourse about tuberculosis in the female geni-
tal organs. Later, in 1908, he was asked to organize a new 
pathological institute. His successful career continued, and 
in 1911 he was promoted to professor of pathology and be-
came the director of the Munich-Schwabing Hospital’s Path-
ological Institute. Between 1911 and 1933, he continued to 
study medicine and pathology in his position as professor of 
pathological anatomy, with a break during the First World 
War when he volunteered and served as an army patholo-
gist at the Western Front. The birth of his third child took 
Sigfried home to Munich, which probably saved him from 
being captured by the Allied forces, which won the Battle of 
Selle in 1918.

Sigfried was scientifically highly productive, releasing 
333 publications encompassing an impressively wide vari-
ety of diagnoses [4–9]. He was also recognized for his edu-
cational skills, by in 1928 receiving an honorary award from 
the University of Munich.

Over the years, he collected a number of autopsy and path-
ological specimens for which a particularly strange tumor 
of the small intestine became his deep, personal interest. 
When investigating these tumors under the microscope, he 
noted the cancer-like appearance, and the term karzinoid was 
coined. His early studies immediately took him to  Dresden 

Sigfried Oberndorfer in 1936 in Istanbul
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in September 1907 where he presented his findings—karz-
inoide—at the annual German Pathological Society conven-
tion (Fig. 2). A paper regarding the same finding was pub-
lished in the Frankfurt Journal of Pathology in December 
1907. In it he described six small intestinal tumors which 
all grew very slowly without signs of metastases. He had 
gathered information about these tumors over many years, 
finding the first two from his time with Professor Zahn in 
Geneva in 1901, and another four from Professor Bollinger 
in Munich in 1904. For decades, this report was falsely cited 
as a report of a “benign carcinoma”, partly due to Sigfried’s 
statement that they were benign, without a tendency toward 
infiltration. Thus, in his initial report he happened to find 
cases which were amenable to surgical resection. Additional-
ly, as a pathologist, he found them at autopsy in patients who 
were fairly young and who died of other causes. Sigfried 
worked in an era where the attention was focused around 
tuberculosis, infectious diseases, and death of other causes 
rather than cancer. However, his findings have become quite 
important in the modern era.

Indeed, his autopsy findings were retrospectively support-
ed by others. For example, in 1867, Theodor Langhans (Us-
inger, Germany), described a 50-year-old woman who died 
of tuberculosis but who also had a small intestinal tumor, 
which was presumably a NET of the small intestine. Several 

other case reports may be found which presumably describe 
findings of karzinoid, thereby supporting Sigfried. Although 
Sigfried was the one who coined the term karcinoid, others 
also reported the existence of these tumors before him, such 
as William Bayliss, Ernest Starling, and Nikolai Kulchitsky 
who described these endocrine cells interspersed in the 
bowel epithelium [10]. Somewhat later Pierre Masson de-
scribed argentaffin-staining cells in small intestinal tumors 
and linked them to the endocrine system [11, 12]. In addition 
to his work on carcinoid tumors, Sigfried also recognized 
the difference between other lesions of the small intestine 
(presumably inflammatory diseases such as Crohn’s disease 
or due to infectious agents).

Sigfried noted that small intestinal carcinoid was not 
very rare, and he foresaw the increased recognition of the 
disease, predicting the higher prevalence in the modern era. 
In fact, autopsy studies describing the incidence of carcinoid 
are sparse, with the first report after Sigfried’s seminal paper 
was published 70 years later, in the 1970s [13].

His subsequent work revealed that karzinoid tumors often 
spread to lymph nodes and the liver. Eventually, in 1929—
after 22 years of study—he presented another study of 36 
karzinoids where he noted that these tumors did have malig-
nant potential [14], causing him to revise his initial statement 
(Fig. 3). Other physicians noted this malignant potential as 
well with William B. Ransom (1860–1909) publishing a case 
of a patient who died of a small intestinal tumor with liver 
metastases but also features of the carcinoid syndrome in the 
Lancet in 1890 [15].

What Sigfried did not know at the time, but later had to re-
alize, was the fate of being Jewish. Later in his career, world 
events intervened in Sigfried’s life. The Nazis stated that “in 
the interest of German patients” Jewish physicians had to be 
removed from duty. It was expressed as the Verjudung of the 
Academy. Sixteen percent of German physicians were Jew-
ish at the time (although only 0.8 % of the total population 
was Jewish). On April 1, 1933, no Jewish physicians, law-
yers, or businesses could continue to function by the order 
of the government. This led to the Nazis stripping Sigfried 
of his title. Sigfried went to Istanbul, in Turkey, where he 

Fig. 2  Original section of Oberndorfer demonstrating a primary ileal 
neuroendocrine tumor. According to [17] provided by Robert Rössle 
(1876–1956) who was a colleague of Oberndorfer at the University of 
Munich. (From [17]. Reprinted with permission from Springer)

 

Fig. 1  Sigfried Oberndorfer and his daughter Helena in Munich 1911. 
(From [17]. Reprinted with permission from Springer)
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worked as chair of the Institute of Istanbul until his death in 
1944. This emigration was made possible by the by Kemal 
Pasha (“father of Turks”; Ataturk) who took the opportu-
nity to recruit the German academic elite by offering them 
asylum and working positions. Sigfried Oberndorfer was 
offered to post of professor in general and experimental pa-
thology at the University of Istanbul. Although Sigfried and 
his wife Gutta survived, their daughter Anna and Sigfried’s 
brother both died in German concentration camps during 
World War II. Sigfried continued to be successful in his pro-
fession, and received the King’s Medal of King George II 
of Greece in 1936. His growing interest in cancer took him 
to cancer conferences, and in 1937 he founded the Turkish 
Institute for Cancer Research, and was awarded the Rudolf 
Virchow medal.

Sigfried died on March 1, 1944, at the age of 67 from 
a thoracic tumor, probably a thymoma, and is buried in Is-
tanbul [16]. Sigfried never lived long enough to receive the 
recognition for his great discovery and for him to fully re-
alize the importance of his contribution to the medical and 
scientific community.
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Introduction

von Hippel–Lindau (vHL) is an inherited autosomal domi-
nant pleomorphic disorder characterized by the development 
of specific multiorgan neoplasms. The syndrome has been 
linked to mutations in a single tumor suppressor gene; how-
ever, the spectrum of clinical manifestations of vHL varies 
significantly from patient to patient. Generally, the lesions 
are highly vascularized tumors, may be cystic or solid, and 
may be benign or malignant. The organs involved most com-
monly are the central nervous system (CNS), eyes, kidneys, 
adrenal glands, pancreas, and to a lesser extent, the auditory 
and reproductive adnexal organs. Specifically, vHL patients 
are at risk of developing the lesions listed in Table 1 [1, 2].

Older estimates suggest the incidence of vHL to be 
1:36,000 live births in an Anglo-Saxon population [3]. Sub-
stantial geographical variability and referral bias occur as 
patients live in proximity to their kindred and their care be-
comes increasingly concentrated at specialized centers. Thus, 
the true incidence is difficult to ascertain but a more recent 
estimate is 1:39,000–53,000 [2, 4]. The lifetime penetrance 
of vHL-associated disease in those with a vHL mutation 
is nearly 100 % [5]. Complications of renal cell carcinoma 
(RCC, 32 %) or CNS hemangioblastomas (53 %) continue to 
be the leading causes of vHL-related mortality [1, 2].

Characterization of the natural history of the disease as 
well as the genetic and molecular abnormalities in vHL has 
resulted in substantial improvement in the management of 
these patients. In addition, it has led to the ability to inform ge-
netic counseling and provide prognostic determinants based 
on disease subtype. The knowledge gained about the disease 
has become the basis for current screening and surveillance 

guidelines as well as impacted surgical decision making. A 
study of survival rates of multiple genetic neoplastic disor-
ders comparing before and after the intensification of stan-
dardized screening demonstrates significant progress in the 
management of vHL. The life expectancy for vHL prior to 
1990 and the establishment of a genetic registrar was 52.5 
years and had the lowest expectancy of the diseases studied. 
A survival benefit of 16.3 years was seen in those patients 
diagnosed after 1990 increasing the life expectancy to 68.8 
years [6]. Screening of asymptomatic vHL patients and at-
risk family members identifies disease-related lesions at an 
earlier stage and correlates to higher cure rates for malignant 
lesions as well as increased options for organ-sparing inter-
ventions. Guidelines are established and are readily available 
to patients and providers through the vHL Family Alliance at 
www.vhl.org. These guidelines are summarized in Table 2 
and will be revisited throughout this chapter.

The crucial importance of coordinated screening and in-
tervention for a disease that, by definition, involves multiple 
organ systems makes the case that vHL patients should be 
referred to dedicated vHL care centers with an experienced 
and appropriately resourced multidisciplinary team. Spe-
cialized care centers are essential for optimum surveillance, 
coordinated operative and nonoperative care, and ancillary 
service support. The endocrine surgeon plays an important 
role in the management of vHL but must be placed appro-
priately within the context of whole-patient disease manage-
ment system.

Disease Subtypes

vHL patients can be classified into clinical subtypes (Table 3) 
with major subtypes based on the risk of developing a pheo-
chromocytoma. Type 1 patients may develop all other tumor 
types associated with vHL; however, they have a signifi-
cantly reduced risk of pheochromocytoma. Type I accounts 
for 80–93 % of the vHL population. Type 2 patients have a 
high lifetime risk of a pheochromocytoma and represent the 
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other 7–20 % of vHL patients [2]. Type 2 patients can be fur-
ther subdivided into groups (A, B, or C) on the basis of the 
likelihood of developing RCC. Within the type 2A subgroup, 
there is a predominance of pheochromocytomas with a low 
risk of RCC versus in type 2B where there is a high risk of 
RCC, retinal, and cerebral disease in addition to a significant 
risk of developing a pheochromocytoma. The only manifes-
tation of vHL in type 2C patients is pheochromocytoma. De-
spite these general classifications, due to variable penetrance 
in patients with the same mutation, screening and manage-
ment guidelines are not currently tailored based on subtype 
classification.

Diagnosis, Molecular Biology, and Genetics

vHL exhibits autosomal dominant inheritance with > 95 % 
penetrance of disease specific manifestation by age 65. The 
involved gene in vHL maps to the short arm of chromosome 
3, specifically 3p25-p26 [7]. There also exists a prominent 
modifier of the vHL gene by CCND1 on 11q13.3. The vHL 
gene is a tumor suppressor gene and, as such, the germline 
mutation in one allele is not adequate to result in emergence 
of tumors. Per Knudson’s two-hit hypothesis, a second muta-
tion must occur with the normal vHL allele resulting in “loss 
of heterozygosity” that causes complete loss of the gene’s 
normal downstream products and effects [8]. This “second 
hit” results in loss of tumor suppressor function and subse-
quent tumor development.

The vHL gene is fundamental in the response to hypox-
ia and serves as a cellular oxygen sensor. It is important in 
angiogenesis, erythropoiesis, and cell cycle regulation [9, 
10]. The protein product (pVHL) is a component of an E3 

Table 1  Frequency of lesions and age of onset of vHL manifestations. (Adapted from [1, 10])
Mean age of onset (years) Frequency (%)

Central nervous system (CNS)
Retinal hemangioblastomas 18 70
Craniospinal hemangioblastomas 29 60–90
Endolymphatic sac tumors 22–32 11–16
Visceral
Pheochromocytomas 30 10–20
Pancreatic lesion 36 17–75
Pancreatic neuroendocrine tumors (PNET) 35 20
Renal cell carcinoma or cysts 34 90–95
Epididymal cystadenoma 35 42
Broad ligament cystadenoma – –

Table 2  Screening guidelines. (Adapted from vHL Alliance [25])
Age Test Comments
0 Physical examination

Routine newborn hearing screening
Pediatrician assess for neurological disturbances or ophthalmic 
abnormalities (nystagmus, strabismus, white pupil, etc.)

1–4 Indirect ophthalmoscope (annual)
Physical examination (annual)

Ophthalmologist performed eye/retinal examination
Regular assessments with pediatrician that includes the above as 
well as blood pressure, vision, and hearing abnormalities

5–15 Same as above plus:
Fractionated metanephrines or 24-h urine test (annual)
Abdominal ultrasound (annual after 8 years of age)
Complete audiology assessment (every 2–3 years)

If biochemical abnormalities or concerning findings on ultra-
sound are found, an abdominal MRI or MIBG scan is indicated
If symptoms of audiovestibular disturbance are found, audiology 
screening frequency should be annually
MRI with and without contrast of internal auditory canals in 
case of repeated ear infections

16 + Same as above plus:
MRI of abdomen wwo contrast (every 2 years)
MRI of the brain and entire neuroaxis (every 2 years)

Neuroaxis includes cervical, thoracic, and lumbar spine with 
thin slices through posterior fossa/temporal bone

Pregnancy Retinal screening (periodic)
Fractionated metanephrines or 24-h urine test (per trimester)
MRI of brain and spine (4th month of gestation)

Hemangioblastomas are known to have accelerated growth dur-
ing pregnancy
Important to ensure the absence of a pheochromocytoma during 
pregnancy and prior to delivery

MRI magnetic resonance imaging, MIBG metaiodobenzylguanidine

Table 3   vHL disease subtypes
Type 1 Reduced risk of pheochromocytoma
Types 2 Increased risk of pheochromocytoma
Type 2A Increased risk of pheochromocytoma + low risk of RCC
Type 2B Increased risk of pheochromocytoma + high risk of RCC
Type 2C Pheochromocytoma only
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ubiquitin ligase complex, which normally mediates degra-
dation of the hypoxia-inducible factor (HIF) transcriptional 
complex via poly-ubiquitination in oxygen-replete cells. In 
contrast, its function is suppressed in hypoxic cells, which 
allows for activation of the HIF target genes associated with 
angiogenesis, growth, and mitogenic factors, extracellular 
matrix control, and microtubule regulation, as well enhanced 
glucose uptake [9–11]. In vHL, regulation of HIF is lost. The 
affected tissues behave as if in a chronically oxygen-deplet-
ed environment with an uncontrolled growth stimulus. The 
most pronounced impact is seen in highly vascularized areas 
such as the CNS, retina, medulla, kidneys, and pancreas [12].

Genetic testing has revealed over 100 germline mutations 
associated with vHL among known kindreds. Frequent mu-
tations include R238Q and R238W, which is associated with 
a 62 % incidence of pheochromocytoma, as well R167Q and 
R167W, which are associated with developing both pheo-
chromocytoma and renal cell carcinoma. Generally, type 
I disease is more associated with deletions, nonsense, and 
frameshift mutations, whereas type II disease is associated 
with missense mutations. While these examples demonstrate 
that there is a correlation between specific mutation and dis-
ease manifestations, the same mutation in different individu-
als may have different clinical manifestations. Due to the 
overall poor correlation between genotype and phenotype, 
the specific mutation cannot be used to tailor screening rec-
ommendations, or treatment strategies, at this time [13, 14].

If the patient has a previously described mutation in the 
vHL gene, genetic testing can confirm the diagnosis with 
near 100 % specificity [15]. In the absence of an already 
confirmed mutation status, the established clinical criteria 
may be used to establish diagnosis. In the setting of a posi-
tive family history, the patient in question must present with 
any one major disease-related lesion, which include a CNS 
hemangioblastoma, retinal hemangioblastomas, pheochro-
mocytoma, or RCC. In the setting of no family history, the 
diagnosis requires two vHL-associated lesions, which can 
include two or more CNS hemangioblastomas or one CNS 
hemangioblastoma and one visceral tumor [2].

Specific Manifestations

We will individually address the organ-specific manifesta-
tions of vHL, progressing generally from cephalad to cau-
dad. We will address greatest attention to those neoplasms 
that are of greatest clinical impact to the patient, as well as 
those of particular interest to the endocrine surgeon.

Cerebral and Spinal Hemangioblastoma

Hemangioblastomas of the CNS are capillary-rich, circum-
scribed, benign neoplasms. Although benign, due to their lo-
cation in the neuraxis, they can cause major morbidity and 
mortality due to mass effect of the lesion (as seen in the pa-
tient in Fig. 1), associated cysts, or from hemorrhage. CNS 
hemangioblastomas are the most prevalent neoplasms in 
vHL, developing in 60–90 % of patients [16]. These present 
at a younger average age than sporadic hemangioblastomas 
(mean of 29 years in vHL) and more often are multifocal 
[17]. Both sporadic and vHL-associated hemangioblastomas 
typically are infratentorial (Figs. 1 and 2). A prospective 
evaluation of 250 vHL patients with CNS hemangioblasto-
mas demonstrated a median of eight lesions per patient, with 
1 % supratentorial, 6 % in the brainstem, 45 % in the cere-
bellum, and the remaining 48 % caudal to that (spinal cord, 
cauda equina, and nerve roots). These patients developed a 
median of 0.3 new lesions/patient-year [16]. Although also 
infratentorial, a larger proportion (> 80 %) of sporadic CNS 
hemangioblastomas are cerebellar [17].

Other than presentation with a symptomatic lesion, iden-
tification of CNS hemangioblastoma occurs by imaging. The 
majority of lesions are clinically asymptomatic and there are 
no available screening laboratory studies. CT is not an ad-
equate test for this entity and contrast-enhanced magnetic 
resonance imaging (MRI) is the preferred modality. Cur-
rent guidelines for screening in vHL patients are for ≥ 1.5 T 
MRI scans with and without contrast to include the brain and 
whole spine with thin cuts through the posterior fossa. These 
are to start by age 16 and be performed every 2 years. This 
interval is then shortened in those with demonstrated lesions.

The majority of these lesions are asymptomatic and do 
not require intervention. However, due to the presence of 
multiple lesions per patient, many vHL patients will harbor 
at least one symptomatic lesion. At final evaluation in a pro-
spective series, while only 6 % of all detected lesions had 
associated symptoms requiring intervention, they were dis-
tributed across one-third of the patient population [16]. The 
rate of growth of vHL-associated CNS hemangioblastoma 
varies with the anatomic location of the tumor, with more 
rapid progression for those in the brainstem and cerebellum 
[16]. These lesions may develop cysts in some cases (12 %) 
and the presence of a cystic component is associated with 
faster growth and a greater likelihood of developing symp-
toms [16].

It is not universally agreed when to intervene on these le-
sions, but most believe that they should be closely observed 
radiographically, and correlated with history or physical 
exam findings for specifically associated neurologic symp-
toms, and that onset of symptoms should prompt treatment of 
the causative lesion [16]. While there are some clinical vari-
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ables that are associated with lesion progression [16], these 
are neither sensitive nor specific. Therefore, radiographic 
and clinical follow up is mandatory. When treatment of CNS 
hemangioblastoma is deemed necessary, surgical resection is 
the primary modality. Due to the morbidity and difficulty in 
surgical access to some of these lesions, stereotactic radio-
surgery has also been employed. Although this therapy was 
well tolerated, stereotactic radiosurgery demonstrated di-
minished ability to control lesions over time. Therefore it is 
recommended that stereotactic radiosurgery be reserved for 
those symptomatic lesions not amenable to surgical therapy 
[18]. Although the vascular nature of the lesions raised hope 
that antiangiogenic therapy would be effective, there does 
not currently exist a demonstrated effective option for medi-
cal therapy.

While the presence of multiple CNS hemangioblastomas 
should very strongly raise the concern for vHL, an appar-
ently sporadic CNS hemangioblastoma may be the index 
presentation of a previously unknown germline vHL muta-
tion. In one series, this occurred in 4 % of patients otherwise 
thought to have sporadic CNS hemangioblastomas, all of 
whom presented at an age less than 40 years. A further 5 % 
of these patients who tested negative for germline mutation 
subsequently developed another vHL-related lesion, which 
may have been the result of mosaicism [19]. Given the im-
portance of appropriate screening for other vHL-associated 
lesions, this is of clear importance for those patients in whom 
a germline vHL mutation is detected. For this reason, it is 
reasonable to submit all patients with retinal or CNS heman-
gioblastoma for vHL testing, even if these initially are be-
lieved to be sporadic lesions.

Retinal Capillary Hemangioblastomas

Hemangioblastomas also occur in the eyes of vHL patients 
and can be complicated by vision loss. These are frequently 
the earliest manifestation of vHL, and most vHL patients 
do not develop new retinal hemangioblastomas late in life. 
However, cumulatively, 70 % of vHL patients have retinal 
hemangioblastomas by age 60 and they frequently are bilat-
eral. Compared to patients with sporadic retinal hemangio-
blastomas, they occur at an earlier age (18 vs. 36 years) and 
more frequently are multifocal and bilateral (about 50 %) 
[16, 20].

Retinal hemangioblastomas are not initially clinically 
apparent and are only detected by dilated ophthalmologic 
exam. Due to subretinal edema, traction, and hemorrhage, 
these lesions can result in vision loss. Monitoring and therapy 
aim to prevent or minimize vision loss. Treatment of most of 
these lesions is laser photocoagulation. There is not univer-
sal agreement and some recommend treating asymptomatic 
lesions while others recommend that small asymptomatic  

Fig. 1  Radiographic findings all from a single 47-year-old male with-
out prior diagnosis of von Hippel–Lindau (vHL), but a suggestive fam-
ily history, who presented with chief complaint of headache. Imaging 
demonstrates two cerebellar hemangioblastomas, one causing obstruc-
tive hydrocephalus ( arrow in image a), as well as spinal hemangioblas-
tomas (including at C7 in circle in image a). Recent-onset hypertension 
and clinical suspicion based on multiple hemangioblastomas prompted 
biochemical testing and abdominal imaging. Computerized tomography 
(CT) demonstrated 7 cm left adrenal lesion consistent with pheochro-
mocytoma ( arrow in image b), an unremarkable right adrenal gland 
and multiple bilateral renal cysts and masses consistent with RCC (see 
R and L in image b). Twenty-four-hour urine collection demonstrates 
norepinephrine 557 (15–80 μg/24 h), epinephrine < 5 (0.5–20 μ/24 h), 
and normetanephrines + metanephrines 5.4 (0.17–0.70 mg/24 h)
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lesions may be closely monitored for growth or symptoms 
[16, 21]. As with CNS hemangioblastoma, investigations 
into antiangiogenesis therapies have demonstrated some po-
tential role, but are not yet adequately studied.

Although not universally agreed upon, it is reasonable to 
offer vHL testing to patients with otherwise apparently spo-
radic retinal hemangioblastoma. In the presence of a known 
vHL germline mutation, screening for retinal hemangioblas-
toma is recommended annually starting at age 1 and in the 
hands of an ophthalmologist with expertise in these lesions.

Endolymphatic Sac Tumors of the Middle Ear

Tumors of the endolymphatic sac (ELST) are an overgrowth 
of the papillary epithelium of the endolymphatic system 
located within the middle ear. These tumors are character-
ized as highly vascular and locally aggressive. While rare 
in the general population, they are detected in 11–16 % of 
vHL patients, 22 with an age at onset of 22–32 years [23]. 
vHL is the only condition associated with bilateral ELSTs 
[23]. Patients may present with acute-onset hearing loss, tin-
nitus, pain, vertigo, facial paresis, and aural fullness [22–24]. 
The mechanism for the audiovestibular dysfunction’s sudden 
onset is hypothesized to be acute intralabyrinthine hemor-
rhage. However a more gradual decline in hearing second-
ary to otic capsule invasion and/or hydrops formation also 
is reported [22, 23]. Regardless of mechanism, hearing loss 
usually is permanent.

Screening for ELSTs begins at birth with the routine 
newborn hearing screening. Periodic assessments of hearing 
should be performed by the child’s pediatrician. Starting at 
age 5, a formal audiology examination should be completed 

every 2–3 years, and more frequently if symptoms arise. The 
vHL Alliance also recommends an MRI with contrast of the 
internal auditory canal with thin cuts in cases of recurrent 
ear infections every 2 years after age 16 which is concur-
rent with the exam for CNS hemangioblastoma [25]. Indica-
tions for surgery include patients with radiologic evidence of 
a tumor on computed tomography (CT) or MRI that either 
have preserved hearing, or for deaf patients with persistent 
neurological symptoms associated with an ELST [22]. Sur-
gical resection does not improve hearing but has been shown 
to prevent further damage, and improve other associated 
neurological symptoms. Of vHL patients who complain of 
audiovestibular symptoms, 60 % do not have findings on 
imaging and surgical intervention of these patients remains 
controversial [22].

Pheochromocytoma and Paraglanglioma

Pheochromocytoma has a reported incidence of 0.1–0.5 % 
in the general population which correlates to 2–8 people 
per million per year. The “rule of 10s” previously supported 
the belief that approximately 10 % of pheochromocytomas 
occur in the setting of heritable familial syndromes. This 
has proven to be an underestimate as more syndromes have 
been recognized and testing has become more frequent [26]. 
Some estimates suggest that 24–30 % of sporadic pheochro-
mocytomas occur within familial syndromes including vHL, 
neurofibromatosis 1, multiple endocrine neoplasias type 2, 
and succinate dehydrogenase mutations [27, 28]. More re-
cently, this statistic has been contested citing referral and 
catchment area bias, and revised estimates are between 11.6 
and 19 %. Within vHL patients, the rate of pheochromocyto-

Fig. 2  Radiographic findings all 
from a single patient from a known 
vHL kindred. He underwent bilat-
eral total adrenalectomy at age 10 
for bilateral pheochromocytoma  
( circle and arrow image a). At 
that time his biochemical workup 
included 24- h urine with epineph-
rine < 5 (< 25); NorEpinephrine 
552 (< 100); NorMet + Met 3.5. 
He was lost to formal follow up 
until re-presenting at age 20 fol-
lowing a school entrance physical. 
Imaging at that time demonstrates 
a large pelvic paraganglioma 
(image b), cerebellar and spinal 
hemangioblastomas (image c), 
three head of pancreas PNETs 
(image d), and two tail of pancreas 
PNETs. Biochemical evaluation 
revealed no evidence of function-
al PNET, and urine normetaneph-
rines 1.2 nMol/L (< 0.9), urine 
metaneprhines < 0.20 nMol/L
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mas is 10–20 % [14]. However, the true risk of developing 
a pheochromocytoma depends on the type of vHL, varies 
among kindreds, and ranges from 0 % to upward of 57 %.

The demographics and manifestations of pheochromocy-
toma in vHL differ significantly compared to patients with 
sporadic disease, as well as when compared to other famil-
ial pheochromocytomas. The mean age of presentation is 30 
years but has been reported prior to the age of 10 [14]. Pheo-
chromocytomas in vHL patients are less likely to present 
with the classic signs and symptoms (palpitations, headache, 
diaphoresis, hypertension, tachycardia, pallor, and nausea) 
than sporadic pheochromocytoma. Over one-third of pheo-
chromocytoma in vHL are clinically asymptomatic. Most 
pheochromocytomas in vHL are within the adrenal gland 
and up to 50 % of vHL patients have bilateral intra-adrenal 
disease. However, extra-adrenal paragangliomas also are 
more prevalent compared to sporadic disease, with 12 % of 
vHL patients having extra-adrenal disease, and some patients 
having bilateral intra-adrenal as well as extra-adrenal disease 
(Fig. 2). Paragangliomas can arise in the glomus jugulare, 
carotid body, and the periaortic tissues. Pheochromocytoma 
in vHL is less likely to have malignant transformation than 
pheochromocytoma in sporadic disease, with a rate of 3.3 %.

Patients with a diagnosis of vHL or at-risk family members 
with a known carrier status for a germline mutation should 
undergo routine screening for pheochromocytoma regardless 
of their disease subtype. Screening for pheochromocytoma 
should include both biochemical and radiographic testing. 
Biochemical screening is recommended to begin annually 
no later than 5 years of age with some studies suggesting 
initiating screening even earlier [14]. Serum chromogranin 
A is a nonspecific marker with poor sensitivity and is not a 
standard part of screening. Plasma-free metanephrines and 
normetanephrines are used as the first-line screening tool in 
vHL as in sporadic disease with a sensitivity of 97–100 % 
and specificity of 85–89 %. As with testing in sporadic dis-
ease, attention must be given to the medication list and test-
ing environment to limit the rate of false-positive results. If 
the results from the serum testing are equivocal, the patient 
should conduct a 24-h urine collection for catecholamines. 
When performed correctly, urine biochemical studies have 
a sensitivity and specificity of 98 and 98 %, respectively, for 
pheochromocytoma; however, they are cumbersome for the 
patient to collect and are prone to errors in collection.

Regardless of the method of testing, pheochromocy-
toma in vHL has a predictable biochemical signature, with 
elevations in norepinephrine and normetanephrine, without 
elevations in epinephrine and metanephrine levels (as dem-
onstrated by both patients in Figs. 1 and 2). In contrast, spo-
radic disease and other familial syndromes such as multiple 
endocrine neoplasia (MEN) have concurrent elevations of 
epinephrine and metanephrine [29]. The reason for primary 
production of norepinephrine in vHL patients is the relative 

lack of phenylethanolamine-N-methyltransferase (PNMT) 
responsible for the conversion of norepinephrine to epineph-
rine found exclusively within the adrenal medulla. vHL pa-
tients also express less tyrosine hydroxylase (the rate-lim-
iting enzyme in catecholamine synthesis) than do patients 
with MEN2.

The age for initiating radiographic imaging for intra-ab-
dominal manifestations of vHL is no later than 8 years of 
age. Family history and physical examination may suggest 
the need for earlier imaging as well as biochemical testing on 
a case-by-case basis and left to the discretion of the individu-
al’s physician. The imaging modality of choice for screening 
of at-risk (known mutation carriers with no previous intra-
abdominal lesions and negative biochemical studies) and as-
ymptomatic established vHL patients is abdominal ultraso-
nography. If biochemical abnormalities are found, the most 
appropriate follow-up imaging study is an abdominal MRI in 
an effort to minimize the cumulative ionizing radiation ex-
posure over a lifetime of repeated imaging studies. This is in 
contrast with sporadic disease, which can be evaluated with 
a dedicated adrenal protocol CT of the abdomen and pelvis 
with intravenous and oral contrast if there are no allergic or 
renal contraindications to intravenous contrast. CT and MRI 
have been shown to be equally efficacious.

In cases where CT/MRI are negative but there is high 
clinical suspicion or abnormalities in biochemical studies, 
a metaiodobenzylguanidine (MIBG) scan can be performed 
for localization with sensitivity of 95 % [30]. Recently, using 
CT/positron emission tomography (PET) with 18F-Dopa to 
localize pheochromocytomas has been studied. Small stud-
ies have shown a nearly 100 % sensitivity for pheochromo-
cytomas. Unfortunately, the availability and acceptance of 
the test have been inhibited in part due to high cost and diffi-
culty of synthesizing the 18F-Dopa [31]. All imaging modal-
ities will have a lower sensitivity for small-volume disease.

Some image-detected pheochromocytomas in vHL do 
not result in elevated biochemical levels of catecholamines 
and there is no consensus on intervention or observation in 
that scenario. While some will intervene on any detected 
pheochromocytoma, others advocate withholding surgical 
intervention until the 24-h urine catecholamine excretion is 
double the upper limit of normal, or to remove nonfunctional 
pheochromocytoma if the tumor has grown to greater than 
3.5 cm in diameter, the patient is to undergo an abdominal 
operation for another pathology, or if the patient desires to 
become pregnant or becomes pregnant [32].

Traditionally, the treatment of intra-adrenal pheochro-
mocytoma is ipsilateral adrenalectomy, which classically 
was performed using an open technique by either a transab-
dominal or a posterior approach. With the advent of laparos-
copy, today’s standard is a laparoscopic approach by either 
the lateral transabdominal or the posterior retroperitoneal 
approach, depending on the preference and expertise of the 
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surgeon and center. There also are experiences with single 
port, robotically assisted, and single port robotic approaches 
to this procedure through both the transabdominal and ret-
roperitoneal approaches. It is the opinion of these authors 
that there is at most marginal superiority of any one of these 
variations on minimally invasive adrenalectomy, beyond 
the significant benefit that resulted with dissemination of 
minimally invasive adrenalectomy techniques in general. 
Regarding the transabdominal versus the retroperitoneal ap-
proach, we select the approach best suited to the patient’s 
anatomy and prior operative history.

Traditionally, adrenalectomy is performed as a complete 
extirpation of the gland in question. Either sequential or si-
multaneous total adrenalectomy renders the patient surgical-
ly an-adrenal, and thus completely dependent on exogenous 
steroids, with associated quality-of-life impairment and risk 
for Addisonian crisis. This approach mandates thorough pa-
tient counseling and education. More recently, multiple large 
case series have demonstrated partial adrenalectomy (i.e., 
cortical-sparing adrenalectomy) via open, lateral or poste-
rior laparoscopy, and robotic-assisted approaches to be safe 
and efficacious [33–35]. This involves removing the target 
lesion from the adrenal gland and leaving behind the grossly 
and radiographically normal portion of the gland. The main 
adrenal vein may be spared or sacrificed depending on the 
location of the tumor. The venae comitantes running with 
the arterial supply are adequate to maintain drainage even 
if the main adrenal vein is sacrificed, and as little as 10 % 
of a viable single adrenal gland has been shown to maintain 
adequate function to handle stress without requiring exoge-
nous steroids [36]. Cortical-sparing adrenalectomy has been 
validated in the pediatric population with hereditary forms of 
pheochromocytoma [37]. The ability to leave a viable corti-
cal remnant allows patients the opportunity to retain adreno-
cortical function, without dependence on exogenous steroids, 
while achieving comparable biochemical responses. Rates 
of Addisonian crises and long-term steroid replacement are 
significantly lower compared to complete adrenalectomy 
[33, 36, 38, 39]. As expected, recurrence rates are higher 
and time to recurrence is shorter with partial adrenalectomy. 
Outcomes data suggest these rates to be within an acceptable 
range and successfully treated with surveillance screening 
and additional surgery. The National Cancer Institute pub-
lished their experience on hereditary pheochromocytoma as 
having a 6 % recurrence rate, which has been reproduced at 
other high-patient volume centers [38, 40]. In patients with 
vHL, the recurrence rate after partial adrenalectomy has been 
reported to be from 10 to 20 % after at least a 5-year follow 
up [39, 41]. The recent acceptance of cortical-sparing adre-
nalectomies makes it impossible to comment on the rates of 
patients that subsequently develop malignant pheochromo-
cytoma and underscores the ongoing need for lifelong sur-
veillance after surgical resection. In instances where addi-

tional pheochromocytomas develop, the benefit of adrenal-
sparing surgery lies in delaying the development of adrenal 
insufficiency and subsequent lifetime duration of exposure 
to exogenous steroid. Therefore, the decision to perform cor-
tical-sparing adrenalectomy versus total adrenalectomy must 
be made with consideration of the patient’s willingness and 
ability to tolerate adrenal insufficiency versus recurrence of 
disease with subsequent reoperation. The ultimate success of 
both approaches demands ongoing patient follow up.

Surveillance recommendations for pheochromocytoma 
recurrence after resection have not been defined for vHL. 
Frequency of testing and type of imaging study is largely 
dependent on provider preference and experience at the in-
stitution. Below are the author’s most conservative recom-
mendations in conjunction with the vHL Alliance, based 
on the available published literature. After surgery, patients 
should undergo corticotropin-stimulation testing to assess 
the need for steroid replacement therapy prior to discharge 
if an adrenal-sparing procedure was performed and receive 
appropriate follow up with a medical endocrinologist. Some 
patients will need short-term replacement, which can be sub-
sequently tapered over several months postoperatively. In 
addition, a routine postoperative MRI should be performed 
in addition to biochemical testing between 3 and 6 months 
after surgery. If no abnormalities are noted and the patient re-
mains asymptomatic, imaging can appropriately be extended 
to an annual basis.

The importance of lifelong surveillance and screening 
for disease cannot be overemphasized. Patients who are fol-
lowed up routinely have smaller and less functionally active 
tumors at diagnosis, which has a direct impact on their qual-
ity of life, treatment options, and prognosis [14]. Those vHL 
patients lost to follow up or who do not receive appropriate 
screening and surveillance later present at a larger tumor size 
and higher incidence of associated symptoms than sporadic 
disease of similar size [14]. This is well demonstrated in the 
patient in Fig. 1 who was not diagnosed until age 47 and then 
presented with a large adrenal pheochromocytoma, and in 
Fig. 2 in which the patient had been lost to follow up for 10 
years before presenting with a large paraganglioma.

Pancreatic Lesions

Pancreatic lesions occur in 17–75 % of vHL patients and 
include cysts, microcystic adenomas with complete cystic 
replacement, and pancreatic neuroendocrine tumors (PNET) 
[42–44]. Though rare, metastatic disease to the pancreas par-
ticularly from RCC also has been documented and should 
be considered in the differential diagnosis. Patients and pro-
viders should be reassured that the diagnosis of vHL does 
not increase the risk of pancreatic adenocarcinoma. While 
the most prevalent pancreatic lesions in vHL patients are be-
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nign simple cysts and serous cystadenomas, we will focus on 
PNETs due to their greater clinical significance.

PNETs account for 1.3 % of all pancreatic tumors in the 
general populations, but 8–17 % of pancreatic lesions in pa-
tients with vHL [43]. The lifetime risk of developing one 
or more PNETs in vHL patients is 20 %, and in 6–8 % of 
vHL patients, it is the only manifestation of the disease [45]. 
PNETs in vHL present at a younger average age (35 years, 
see Fig. 2) compared to sporadic disease (58.5 years) [43, 
46]. The specific vHL mutation has clinical implication with 
PNETs being more frequent in patients with missense muta-
tions, and patients with exon 3 mutations being more likely 
to suffer metastasis from PNET [42, 47]. The majority of 
PNETs in vHL are nonfunctional and asymptomatic with a 
Surveillance, Epidemiology, and End Results (SEER) data-
base review demonstrating biochemical function in 9.2 % 
[46]. When they are symptomatic, the most frequent com-
plaints are changes in stool and epigastric pain related to 
mass effects of the tumor rather than syndromes of hormone 
excess. Pancreatic insufficiency and obstructive jaundice are 
rare presentations as are symptoms of malabsorption and 
diabetes [43].

Laboratory values such as chromogranin A and pancre-
atic polypeptide (PP) are not reliable for detection of PNET 
in vHL. For this reason, as well as lack of clinical symp-
tomatology, the diagnosis is typically made by radiographic 
appearance or pathologic analysis. In symptomatic patients, 
biochemical studies, discussed in greater detail in a previ-
ous chapter, should be obtained to identify hormone excess 
and facilitate perioperative management. If the patient is not 
symptomatic on careful review of systems, serum hormone 
testing is not absolutely required, but frequently is performed 
[42]. When found on routine imaging, approximately two-
third of PNETs in vHL are solitary pancreatic lesions, but 
also can be multiple as seen in Fig. 2. PNETs in vHL have a 
frequent concurrent presentation with pheochromocytomas 
with a rate of 33–63 % captured on the same imaging study 
[47].

Typical features of PNET on contrasted CT include an 
early enhancing, well-circumscribed, solid mass with round-
ed or lobulated borders. The early enhancement (or increased 
intensity with the arterial phase) correlates with the tumor’s 
rich vascular supply [45]. When considering the cumulative 
lifelong radiation exposure, MRI is the preferred imaging 
modality [25]. A pancreatic lesion concerning for PNET on 
MRI will show increased signal intensity of T2-weighted 
images. The current guidelines recommend an abdominal 
MRI every 2 years for assessment of the kidneys, pancreas, 
and adrenals with annual ultrasound starting at age 16 [25]. 
However, clinical suspicion or family history may warrant 
earlier evaluation. Other imaging modalities that can be 
used to assess a pancreatic lesion are endoscopic ultrasound 
(which allows biopsy when the diagnosis is in question) and 

somatostatin receptor scintigraphy. A recent evaluation by 
the NIH suggests that 18FDG-PET may detect metastatic 
disease not detected by other modalities [48].

The natural history remains unpredictable with PNET in 
sporadic or genetically linked cases. Nonlinear growth pat-
terns have been documented in the literature numerous times. 
One study demonstrated that 20 % decrease in size, 20 % 
showing no interval change, and the 60 remaining percent 
have significant rates of tumor growth and activity within 
vHL patients [49]. To add an additional layer of complex-
ity, the growth pattern or growth rate is not associated with 
tumor grade or malignant transformation as partial and com-
plete spontaneous regressions of malignant PNET have also 
been documented. While histologic staining for hormonal 
markers does not correlate with the functional secretory state 
of the lesion, staining with anti-chromogranin A and anti-
synaptophysic antibodies is used to assist in confirming the 
diagnosis [43].

Simple cystic lesions of the pancreas can generally be 
followed with observation and routine imaging regardless 
of size-reserving intervention for symptomatic lesions [43]. 
Since PNETs in vHL typically are nonfunctional, slow-
growing, and the majority are benign, it is important to care-
fully weigh the decision to observe or to subject the patient 
to a major surgical intervention. However, this is balanced 
against the fact that aggressive surgical intervention offers 
the best potential for a cure and prevention of metastatic 
disease. This is another area in which there is no consen-
sus, but Libutti et al. developed guidelines based on genetic 
analysis and tumor characteristics to distinguish which pa-
tients would benefit from early surgical intervention and 
which patients could safely be observed. Based on these 
data from the NIH series, observation is recommended if the 
solid pancreatic lesion is less than 3 cm in size, the muta-
tion is not within exon 3, and tumor doubling time is greater 
than 500 days. Using these guidelines, they showed that 0 
of their 25 patients with PNET that met surgical criteria had 
any signs of metastatic disease following resection over a 
follow-up period of 4–110 months [44]. They recommend 
resection if the tumor is greater than 3 cm (or greater than 
2 cm in the pancreatic head) without evidence of metastatic 
disease, or if the patient is undergoing a laparotomy for 
management of another process in the same surgical field 
(such as left adrenalectomy for a tail of pancreas lesion). If 
these criteria are not met, the tumor can be followed with 
annual imaging [44].

The surgical approaches for PNET are based on location 
and include pancreaticodudenectomy (Whipple procedure), 
distal pancreatectomy, central pancreatectomy, total pancre-
atectomy, and enucleation. Despite the concern by some that 
enucleation has a prohibitive rate of pancreatic fistula, enu-
cleation is considered by many others to be the treatment of 
choice when technically feasible. To attempt to limit the rate 
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of pancreatic fistula, the target lesion must be greater than 
2–3 mm from the pancreatic duct. Intraoperative ultrasound 
may aid in these cases to assess the relationship of the tumor 
to the pancreatic duct. In vHL patients, the possibility of a 
concurrent pheochromocytoma and renal cell cancer should 
be investigated with biochemical testing and careful review 
of preoperative imaging. If a pheochromocytoma is found, 
resection of the PNET should be done only after the removal 
of the pheochromocytoma, but this may be done under the 
same anesthetic depending on hemodynamic stability.

A PNET that manifests metastasis (typically to the liver) 
is malignant by definition, occurring in 2–17 % of vHL pa-
tients that develop a neuroendocrine tumor. Malignant trans-
formation of PNET is associated with a poor prognosis with 
a survival average of 1–3 years. This again underscores the 
importance of appropriate follow up and lifelong surveil-
lance in vHL [44, 45]. In such cases, resection (even incom-
plete), ablation, hepatic artery ligation, and embolization 
and/or isolated hepatic chemotherapeutic perfusion should 
be considered as treatment options. Resection is preferred 
if the patient is a reasonable operative candidate, the lesions 
are technically resectable, and there is adequate hepatic re-
serve, while the non-extirpative options are used adjunc-
tively. Intervention is rarely curative but has been associated 
with survival benefit. In the case of symptomatic disease, 
a significant percentage of patients have improvements or 
resolution of their symptoms.

The current surveillance recommendations in vHL pa-
tients with known lesions or post-resection include a pan-
creatic protocol abdominal CT or MRI. Imaging should be 
performed annually in patients who had a solid pancreatic 
lesion and every 2 years for complex or cystic lesions [25].

Renal Cell Carcinoma

Intra-tumoral vHL gene mutations are well known even in 
sporadic RCC occurring in 34–78 % [50, 51]. Germline vHL 
mutations predispose to markedly high rates of RCC. vHL 
patients have a lifetime risk of 90–95 % of developing cystic 
or solid renal lesions and 24–45 % develop RCC [52]. RCC 
is responsible for 13–42 % of all-cause mortality in this pop-
ulation [53, 54]. vHL-associated RCC is exclusively of the 
clear cell morphology and accounts for 1.6 % of all RCC [5].

The tumors’ manifestation and behavior vary significant-
ly when comparing sporadic versus vHL-associated RCC. 
The average age at presentation in vHL is 34; 25 years earlier 
than sporadic RCC [5]. In vHL patients, RCC is more likely 
to be associated with renal cysts, to be bilateral (71–83 %), 
and to be multifocal (92 %) [5, 54]. Careful pathologic ex-
amination reveals as many as 1100 cystic lesions, and 600 
clear cell neoplasms in a vHL kidney [51, 55]. Although 
RCC is the most common metastatic lesion in vHL, com-

pared to sporadic RCC, tumors are slow growing and have a 
lower incidence of metastasis. The 10-year disease-specific 
survival of vHL associated RCC was 94 versus 74 % in spo-
radic RCC [5].

Recognizing RCC at earlier stages remains critical to pre-
serving renal function. Initial screening can be performed 
using ultrasound and reliably distinguishes lesions into two 
categories; simple cysts and everything else. RCC com-
monly presents as a complex cystic lesion and is character-
ized per the radiographic Bosniak classification. Concerning 
features on imaging include thickened irregular or abnormal 
enhancement on the walls or septa as well as enhancing soft-
tissue components adjacent to the cyst [51]. Lesions biopsies 
are not routinely performed. Further evaluation is necessary 
when other types of lesions are found and can be adequate-
ly imaged through CT or MRI, with preference for MRI to 
avoid cumulative ionizing radiation.

Management options for a suspected RCC lesion in a vHL 
patient include observation, radical nephrectomy (unilateral 
or bilateral) with or without renal transplantation, nephron-
sparing or partial nephrectomy, enucleation, and more recent-
ly, radiofrequency ablation and cryoablation [51, 52, 56–58]. 
In general, management strategies have moved away from 
radical resection and toward nephron-sparing approaches. 
Current recommendations are that surgical intervention is 
indicated after the largest solid lesion reaches 3 cm or greater 
in diameter [52]. This threshold has been shown to be associ-
ated with minimal risk of metastasis, more frequent ability 
to perform parenchymal-sparing procedures, preservation of 
renal function, and minimizes the number of procedures for 
the patient [53]. Identified solid lesions measuring less than 
the 3 cm threshold can be safely monitored with CT or MRI 
every 6–12 months. While cystic lesions may have islands 
of disease, their presence is not factored into the decision to 
operate.

Tissue-sparing techniques such as enucleation and partial 
nephrectomy are the most common interventions. Enucle-
ation has been associated with decreased rate of positive 
margins compared to partial nephrectomy likely secondary 
to the predictable, well-defined pseudocapsule surrounding 
the lesion [58]. At the time of surgery, the target lesion is 
removed in addition to all other accessible cysts. Use of an 
intraoperative ultrasound may be used to localize any addi-
tional resectable lesions at the time of surgery [53]. Com-
plications tend to be temporary; however, renal atrophy and 
need for dialysis has been documented [52]. The patient un-
dergoing a tissue-sparing procedure should understand that 
surgery is not curative as the remainder of the kidney is high-
ly probable to develop, or already harbor, other sites of RCC. 
The chance of local recurrence is high (29 vs. 85 % at 5 and 
10 years, respectively) compared to 4–9 % in sporadic cases 
[52, 54]. Thus, patients should be counseled on the necessity 
of ongoing surveillance and the likelihood of additional sur-



356 A. G. Ramirez and P. W. Smith

geries. However, this likelihood of local recurrence is not 
associated with a decrement in 10-year survival. When this 
information is coupled with the many downsides of dialysis 
dependence, it is understandable that prophylactic bilateral 
nephrectomies have no role in the management of the dis-
ease [54]. While the latter has the advantage of removing all 
involved tissue, vHL patients have a 65 % 5-year survival on 
renal replacement after this surgery compared to 71–86 % in 
the general population [51]. Renal transplantation has been 
explored, but there is limited long-term data.

Papillary Cystadenoma of the Epididymis, Broad 
Ligament, and Mesosalpinx

Papillary cystadenomas are rare, benign, but locally invasive 
epithelial tumors of mesonephric origin [59]. The presence 
of a papillary cystadenoma within the adnexal reproductive 
structures particularly the epididymis, broad ligament, and 
mesosalpinx is considered a vHL-associated lesion. Ap-
proximately one-third of male vHL patients have epididymal 
lesions. These present at a mean age of 35 (range of 16–76) 
and are located within the efferent ductules of the head of 
the epididymis. Lesions may occur unilaterally, but the ap-
parently sporadic discovery of bilateral papillary cystadeno-
mas should be considered highly suggestive of vHL [60]. 
Frequently, the lesions are asymptomatic and found during 
routine examination. If symptomatic, the patients most fre-
quently describe painless, gradual scrotal swelling and oc-
casionally note tenderness or infertility [59, 61, 62]. Ultra-
sound is the preferred imaging modality for characterization 
of papillary adenomas [60]. Demographic information on the 
female-associated manifestations of papillary cystadenoma 
is limited based on the lack of available published data on 
small case series [63].

Because they are benign and most are asymptomatic, re-
section is not usually indicated. When symptomatic, man-
agement is surgical resection and includes testicle-sparing 
excision versus orchiectomy. Microscopically, the epithelial 
cells contain glycogen or fat creating the appearance of a 
central clearance [61]. Due to similar histological appear-
ance, it is important to differentiate a papillary cystadenoma 
from metastatic clear cell RCC [59, 63]. No surveillance 
guidelines have been reported.

Special Considerations

Pregnancy

A diagnosis of vHL carries unique implications for the preg-
nant patient. An analysis of maternal and fetal outcomes in a 
vHL cohort found fetal survival rate to be 96.4 % and a ma-
ternal morbidity rate of 5.4–17 % that was directly associated 

with a known vHL lesion [64, 65]. No maternal mortalities 
are reported in the small published case series [64–67]. As 
such, pregnancy should not be discouraged on the grounds 
of a prior vHL diagnosis. However, genetic and prenatal 
counseling are appropriate when a patient is contemplating 
pregnancy with a known diagnosis, or as a member of an 
established kindred. The involved parties should understand 
the risk the fetus has of inheriting the disease and possible 
fetal complications such as growth restriction and fetal de-
mise. Parents should be made aware that antenatal diagnosis 
is possible. In addition, the patient would benefit from re-
ferral to a specialized care center with a multidisciplinary 
team experienced in vHL patients. While there are not es-
tablished prenatal or screening guidelines for vHL, this is an 
important opportunity to perform a thorough evaluation of 
the mother and delineate management strategies of existing 
lesions or potential risks. Intense prenatal care and counsel-
ing has been shown to decrease fetal mortality and maternal 
morbidity [67].

Several studies have documented that pregnancy is asso-
ciated with growth of vHL associated lesions with particu-
lar attention to hemangioblastomas and pheochromocytoma 
[65]. The accelerated growth of hemangioblastomas has 
been linked to hormonal changes and increases in venous 
pressure during pregnancy causing venous distension and 
subsequent release and stimulation of angiogenic factors [65, 
66]. Case reports of pancreatic and renal lesions that develop 
or become symptomatic during pregnancy also exist but are 
less likely to require prepartum surgical attention and do not 
appear to be adversely impacted by pregnancy.

In the case of a pheochromocytoma, the lesion should be 
removed if at all possible prior to pregnancy. Exacerbation of 
pregnancy-related hypertensive disorders such as eclampsia 
has been documented and is among the most common and 
serious vHL complications encountered in this patient popu-
lation. Medical management of hypertension is the same as 
in sporadic pheochromocytoma with focus on alpha-block-
ade [65, 67]. In cases of an adrenal mass, in the absence of 
biochemical evidence of pheochromocytoma, in a normoten-
sive and otherwise asymptomatic gravid patient, increased 
surveillance of the fetus and mother is warranted but surgery 
is not immediately indicated.

All other vHL lesions should be carefully monitored for 
onset or worsening symptomatology during pregnancy. Fre-
quent fetal monitoring with nonstress testing, Doppler stud-
ies, and routine ultrasounds are recommended [67]. Surgical 
intervention for many lesions may be delayed until close to 
expected delivery date. It is important to remember the po-
tential for preterm labor postoperatively particularly in the 
third trimester of pregnancy as well as the anesthetic con-
cerns in cases with a CNS lesion [66, 67]. If surgery is un-
avoidable, delivery of the baby has been safely performed 
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via either vaginal delivery or cesarean section with concur-
rent or peripartum surgical management of the vHL lesion.

Synchronous Multiorgan Visceral Tumors

Synchronous lesions can and do occur at time of diagnosis 
or during routine surveillance (patients in Figs. 1 and 2). The 
incidence of concurrent lesions within the abdominal viscera 
is of particular interest to the endocrine surgeon and pres-
ents a unique management scenario. As previously outlined, 
the pancreas, adrenals, and kidneys have defined criteria for 
timing of surgical resection. However, it may be appropriate 
to address multiple lesions during the same surgical inter-
vention despite not all lesions meeting individual surgical 
indications [32]. The advantages to a single-stage procedure 
are to decrease the number of major abdominal surgeries for 
the patient, decrease the difficulty of multiple stage proce-
dures from adhesions and scarring, decrease exposure to an-
esthesia and avoid delay of definite surgery for potentially 
metastatic or deleterious lesions [32]. Decisions of which 
lesions to address during an individual procedure should be 
tailored to the patient’s particular combination of lesions. 
Preoperative planning should include order of procedures to 
be performed. Removal of a pheochromocytoma should be 
prioritized followed by any renal and pancreatic lesions de-
pending on size and metastatic potential [32]. Overall com-
plication rates of combined procedures have been shown 
to be comparable to that of the same procedures performed 
separately. The simultaneous availability of experienced spe-
cialists to address all planned lesions is yet another reason to 
manage vHL patients at a center experienced in their care.

Key Summary Points

• vHL is an autosomal inherited disorder linked to chro-
mosome 3. The tumor suppressor gene product mediates 
the response to hypoxemia by upregulating angiogenesis, 
erythropoiesis, and the cell cycle.

• Neoplastic manifestations of vHL include neuraxial 
hemangioblastoma, retinal hemangioblastoma, endo-
lymphatic sac tumors, pheochromocytoma, extra-adrenal 
paraganglioma, renal cell carcinomas, pancreatic cysts, 
pancreatic neuroendocrine tumors, epididylmal cysts, 
adenomas, and broad ligament cyst adenomas.

• Standardization of screening guidelines has been shown 
to increase life expectancy for vHL patients and is crucial 
in the appropriate care of these patients. Although there 
are disease subtypes with different patterns of penetrance, 
the screening guidelines are universal for all subtypes.

• CNS hemangioblastomas and RCC are the top causes of 
disease-related mortality in vHL.

• Compared to sporadic pheochromocytoma, those occur-
ring in vHL present at a younger age, and more often are 
bilateral and extra-adrenal.

• The biochemical signatures of vHL-associated pheochro-
mocytomas are elevated norepinephrine and normeta-
nephrine without elevation in epinephrine and metaneph-
rine. CT or MRI has been shown to be equally efficacious 
for imaging of the adrenals.

• Cortical-sparing adrenalectomy should be considered for 
vHL patients with pheochromocytoma.

• PNETs develop in 20 % of vHL patients and usually are 
nonfunctional and asymptomatic.

• Observation of PNET is recommended if the solid pan-
creatic lesion is less than 3 cm in size, the mutation is not 
within exon 3, and tumor doubling time is greater than 
500 days.

• When taking a vHL patient to the operating room for any 
reason, it is important to evaluate first for pheochromocy-
toma.

• If multiple synchronous lesions are present, it may be 
appropriate to address multiple lesions in a single-stage 
operation despite not all lesions meeting individual surgi-
cal indications.
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Introduction

An autosomal dominant familial cancer syndrome, von 
 Hippel–Lindau (vHL), affects numerous organs, most 
 prominently the central nervous system (CNS; angiomas and 
hemangioblastomas), the ear (endolymphatic sac tumors), 
the pancreas (cysts, microcystic adenomas, pancreatic neu-
roendocrine tumors), the adrenal glands (pheochromocyto-
mas), and the kidneys (cysts and renal cell carcinoma). For 
over a century, our understanding of this disease has evolved 
from observational and linkage analysis to a more complete 
genetic and molecular picture of the pathogenesis of the syn-
drome. Recommendations for screening (clinical, imaging, 
and genetic) and management have evolved and new agents 
are being developed and are the subject of clinical trials. 
With all these advances, it is important to understand how 
this inherited cancer syndrome was first recognized and to 
appreciate the physicians whose astute observations laid the 
foundation for our current approaches and advances.

Eugen von Hippel was born in Königsberg, Germany 
(now Kaliningrad, Russian Federation), in 1867. Königs-
berg was a city on the eastern edge of Germany until it was 
captured by the Soviet Union at the close of World War II. 
Eugen was the son of Arthur von Hippel (1841–1916) a 
respected ophthalmologist and an early pioneer of corneal 
transplantation.

The younger von Hippel pursued formal education in 
some of the most prestigious institutions of his day. He stud-
ied in Giessen, Freiburg, Berlin, Heidelberg, and Göttingen, 
receiving his doctorate in medicine in 1890. Following med-
ical school, he first pursued the study of pathology under the 
mentorship of Professor Arnold in Heidelberg. His primary 
focus at that time was on the effects of severe infections in 
cadavers. However, undoubtedly influenced by his father’s 
example, Eugen began to specialize in ophthalmology in 
1892 under the guidance of Professor Theodore Leber. Leber 
is best known for his descriptions of congenital amaurosis 
and hereditary optic neuropathy.

While working with Leber, von Hippel became interested 
with disorders in the formation of the eye, notably hydroph-
thalamus, corneal defects, cataracts, corectopia, and finally 
angiomatosis of the retina. Given his background in pathol-
ogy, he was fascinated not only with his anatomic observa-
tions of these conditions but also in a broader understanding 
on their pathogenesis and embryonic origins. His work led to 
his seminal publication in 1904 [1]. The work described in 
detail a very rare disease of the retina that von Hippel termed 
“angiomatosis retinae.”

Perhaps, what makes this work so impactful was not only 
von Hippel’s description of the physical manifestations in 
great detail but also his observations of a linkage to a pos-
sible hereditary cause through his documentation of the pres-
ence of this rare condition in members of the same families. 
These keen strengths of observation, documentation, and at-
tention to detail made Eugen von Hippel a very well-respect-
ed professor and teacher in his own right. He was known to 
create a very rich learning environment in his clinic and in 
his laboratory. He was well respected by his students and 
staff for encouraging discussion and debate while maintain-
ing an inclusive interaction, which was unusual for the time. 

Professor Eugen von Hippel. (Courtesy of VHL Family Alliance)
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He was not the typical professor of his era, as he welcomed 
being challenged. Dr. von Hippel was also known for being 
a caring and compassionate physician, often sought after to 
care for complicated problems.

Dr. von Hippel was devoted to his family. He was known 
for providing medical care to them for eye conditions as well 
as involving them in his work. One particular instance bears 
repetition as it illustrates the juxtaposition of work and fam-
ily. When he was a child, Arthur von Hippel, Eugen’s neph-
ew, broke his glasses while playing ball. A small piece of 
glass was in his eye and he was brought to his uncle’s labora-
tory to have it removed. While waiting in the laboratory for 
Dr. von Hippel to arrive, Arthur became bored and noticed 
a cage of monkeys in the back of the laboratory, no doubt 
subjects of an observational study. As young boys can often 
become victims of their own curiosity, the door to the cage 
was opened, and the monkeys quickly began to exercise their 
freedom by rampaging throughout the laboratory. When Dr. 
von Hippel arrived, he too had to exercise both literally to 
catch the monkeys and figuratively in restraining his displea-
sure. As Arthur had successfully assisted in recapturing the 
monkeys, he was not disciplined.

While Professor von Hippel is remembered for the syn-
drome that bears his name, he made other important contri-
butions during his career. After spending 1909–1914 teach-
ing at Halle and expanding his understanding of the signs 
and diagnostic approaches to retinal angiomatosis, he moved 
back home to become the head of the University Eye Clinic 
in Göttingen, a post his father had held for many years. While 
leading the Eye Clinic, he conducted a series of studies on 
tuberculosis of the eye, sympathetic ophthalmia, and chori-
oid membrane sarcoma. His writings focused on diseases of 
the optic nerve as well as the anatomy of the cornea.

Arvid Vilhelm Lindau was born in Malmö, Sweden, in 
1892. His father was a regiment physician and after com-
pleting his undergraduate studies, Arvid pursued training as 
a military officer and physician. He completed his medical 
degree in Lund in 1923 and went on to receive a PhD in 
1926. Lindau also studied bacteriology at the University of 

Copenhagen and at Harvard University on a Rockefeller 
Scholarship. He was both a pathologist at Lund and a mili-
tary physician from 1924 to 1933.

Professor Lindau was a prolific researcher throughout his 
career on subjects in pathology, neurology, and bacteriology. 
His work in infectious diseases focused on bovine tubercu-
losis, Boeck’s sarcoid, and Wasserman reaction. However, it 
was his work in neuropathology that would leave the most 
lasting impact.

Lindau was studying an association between angiomas of 
the retina and cerebellum. He noted their presentation ap-
peared to occur together in families and postulated that the 
condition was heritable. In 1927, he published his doctoral 
thesis, a study of the association of cerebellar cysts with reti-
nal angiomas [2]. This work would form the basis of much 
of the modern study of vHL.

Lindau’s work came to the attention of Dr. Harvey Cush-
ing, who had treated a patient with the condition Lindau 
described. Cushing visited Lindau’s laboratory and invited 
Lindau to visit him in Baltimore. During the visit, they made 
rounds on Cushing’s patients, one of whom thanked Cush-
ing for saving his life. Cushing noted that it was not he who 
should be thanked, but rather Professor Lindau who had 
described the patient’s condition. Lindau and Cushing re-
mained friends and colleagues and corresponded throughout 
their careers.

Arvid Lindau was very active in his community. He held 
political office in his town and was a referee for local soccer 
games. He received numerous awards and honors and was 
the secretary of the Lund Medical Society. He was known 
for riding his bicycle to work and was fond of cars and mo-
torcycles. He had a 1942 two-door Studebaker coupe and a 
motorcycle with a sidecar.

Lindau’s most cited contribution is the observations 
linking the various CNS manifestations of vHL. However, 
throughout his career, he made substantive contributions to 
the fields of pathology and bacteriology publishing over 40 
papers. In 1933, he became the chair of pathology, bacteriol-
ogy, and general health science at Lund.

While the contributions of Eugen von Hippel and Arvid 
Lindau to the description of the familial syndrome that bears 
their names are unquestioned, it would be inaccurate not to 
mention the important work performed by others through-
out the nineteenth and twentieth centuries that helped form 
the foundation of our modern understanding of vHL. Early 
observations by the English neurologist John Hughlings 
Jackson in 1872, and by the German ophthalmologist Hugo 
Magnus in 1874, helped to identify the eye lesions character-
istically associated with the syndrome. Both Ernest Fuchs in 
1882 and Treacher Collins in 1894 made contributions to the 
description of retinal manifestations and the apparent inher-
ited nature of the lesions, respectively. The ophthalmologist, 
Wilhelm Czermak of Prague, observed an association be-
tween angiomas of the retina and cerebellar lesions in 1905.

Professor Arvid Lindau (1892–
1958). (Courtesy of VHL Family 
Alliance)
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The term “Lindau’s disease,” may have been first coined 
by Harvey Cushing in a published report of a case of a cer-
ebellar hemangioma, where he made reference to Lindau’s 
observations [3]. The syndrome was not termed von Hip-
pel–Lindau until a 1936 publication by Davison, Brock, and 
Dyke [4]. Even then, it was not until the latter half of the 
twentieth century that the term gained widespread use. Fi-
nally, the understanding of the genetics of the disease was 
advanced by the work of Dr. Berton Zbar and Dr. Marston 
Linehan of the US National Cancer Institute.
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Introduction

Multiple endocrine neoplasia type 1 (MEN-1) is an autoso-
mal-dominant disorder with synchronous or metachronous 
neoplasms of endocrine and non-endocrine organs. It pre-
dominantly manifests as a syndrome of parathyroid hyper-
plasia, pancreatic neuroendocrine tumors (pNETs), and/or 
pituitary adenoma. MEN-1 is a rare disorder with a preva-
lence of 2–3 cases per 100,000 [1].

The clinical presentation of MEN-1 was first noted by 
Jacob Erdheim in 1903 during the autopsy of an acromegalic 
man which showed a synchronous pituitary tumor with three 
enlarged fat-depleted parathyroid glands [2]. Half a century 
later, with advances in hormone assays, imaging, and histo-
pathology, the syndromic manifestations were observed by 
Underdahl in a report of eight patients with tumors of the pi-
tuitary, parathyroid, and pancreatic glands [3]. Then in 1954, 
a year later, Paul Wermer first acknowledged these cases as 
a genetic disorder with “dominant hereditary transmission” 
through which “one autosomal-dominant gene (with high 
penetrance) is responsible for the whole pathologic picture” 
[4]. Despite naming this disease entity as multiple endo-
crine adenomatosis, his discovery led MEN-1 to be known 
as Werner syndrome. However, the nomenclature to classify 
the three different types of “multiple endocrine neoplasia” 
did not occur until 6 years later in 1968 by Steiner et al. [5]. 
Furthermore, recent studies examining germ-line mutations 
( CDKN1B) have led to the discovery of a distinct subset of 
MEN-1-like syndrome that was formally named MEN-4 in 
2007 [6, 7].

Molecular Genetics of MEN-1

Molecular support for Werner’s observation of this genetic 
syndrome arose in 1988 where linkage analysis was able to 
localize the MEN-1 gene to the long arm of chromosome 
11 (11q13) [8]. In their study, Larsson et al. suggested that 
tumors in MEN-1 were probably caused by “loss of func-
tion.” Systematic narrowing of the candidate gene interval 
and positional cloning of these intervals for the next 10 years 
allowed Chandrasekharappa to discover the MEN-1 gene in 
1997 [9]. The MEN-1 gene is 9.8 kb long and consists of ten 
exons with an 1830-base-pair coding region. It is a tumor 
suppressor gene that encodes a unique 610-amino-acid pro-
tein named menin. Menin is unique as it is not homologous 
to any other proteins or peptides found, as such its putative 
function could not be easily elucidated. Studies have shown 
that menin is located primarily in the nucleus in nondividing 
cells, and there are at least two independent nuclear local-
ization signals in the C-terminal of the protein [10, 11]. Its 
interactions with transcription factors such as JunD, C-Jun, 
Activating protein-1, and Smad3 indicate that menin is im-
portant in transcriptional regulation, genome stability, and 
cell division [12–17].

It is believed that mutations in the MEN-1 gene progress 
to disease via Knudson’s two-hit hypothesis [18]. Specifi-
cally, this requires an inherited or somatically acquired in-
activating mutation (first hit) and then another mutation at 
the same genetic locus (second hit). Thus, both copies of the 
MEN-1 gene are inactivated causing tumorigenesis. Usu-
ally, the “first hit” involves small mutations of only one or 
a few bases [19]. In around 75 % of cases, these mutations 
cause truncation of the menin protein causing loss of the C-
terminal nuclear-localizing signal [10]. While the “second 
hit” is usually associated with large-scale loss of chromo-
somal material in somatic tissues during life, inactivation of 
both alleles compromises the nuclear localization of menin 
leading to its inactivation or absence and subsequently loss 
of function. The consequence of this is an increase in pro-
liferation rate and transition from G0/G1 to S phase of the 
affected cells [20].
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There are over 1000 MEN-1 gene mutations identified; 
approximately 45 % are frame-shift deletions or insertions, 
22 % of these are due to nonsense mutations, 18 % are mis-
sense mutations, 8 % are in-frame deletions or insertions, 
and 7 % are splice-site mutations [21–23]. It should be noted 
that in approximately 10 % of cases, MEN-1 mutations arise 
de novo without any family history of the syndrome [23]. 
Furthermore, clinical manifestations of MEN-1 can occur 
without identifiable mutations in a known MEN-1 gene in 
10 % of cases. This can be explained by deletions or muta-
tions in noncoding regions such as promotor and untrans-
lated regions, whole-exon deletion or duplication, and in-
heritance through alternative MEN-1 locus [9, 23–25]. As 
such, care must be taken not to exclude patients with normal 
MEN-1 sequencing analysis when strong clinical features 
are present. Mutations in the MEN-1 gene show variable but 
high penetrance. By the age 20 and 40, approximately 50 
and 100 % of carriers with MEN-1 mutations will, respec-
tively, have symptomatic or biochemically apparent disease 
[23]. In addition, MEN-1 mutations also show variable ex-
pression as studies have not been able to demonstrate a clear 
genotype–phenotype correlation [22]. This is in contrast to 
the well-described correlations which occur in MEN type 2. 
Consequently, it is difficult to predict the natural history of 
patients and families exhibiting MEN-1 disease.

Clinical Presentation and Diagnosis

MEN-1 patients today can present with clinical disease, 
which is typically due to primary hyperparathyroidism 
(HPT) or as a consequence of genetic screening. Clinical 
diagnosis in an index case requires at least two of the three 
principal endocrine organs to have evidence of tumor de-
velopment. Genetic testing is confirmatory. For individuals 
within a known MEN-1 kindred, disease in one of the princi-
pal endocrine organs is considered diagnostic.

MEN-1 is known by its classic triad of tumorigenesis 
in the parathyroid (95 %), enteropancreas (50–70 %), and 
anterior pituitary glands (30–55 %) [26–29]; however, tu-
morigenesis is not limited to these endocrine organs. Less 
commonly, MEN-1 patients have also been shown to have 
nonfunctioning foregut carcinoid (thymic, bronchial, and 
gastric), adrenal adenoma, facial angiofibroma, collageno-
ma, subcutaneous lipomas, leiomyomas, meningiomas, and 
ependymomas (Table 1). More than half of patients with 
MEN-1 present with two or more diseased organs, while 
12–20 % have demonstrated three affected organs [27]. The 
clinical manifestations of MEN-1 depend upon the site of 
tumorigenesis and associated hormonal hypersecretion. 
While any of the three principal organs can give rise to the 
initial presentation in an MEN-1 case, hyperparathyroid-
ism is most often the first clinical problem [26–28, 30]. The 

typical presenting problems in decreasing order of frequency 
include hypercalcemia, nephrolithiasis, peptic ulcer disease, 
hypoglycemia, headache, visual field loss, hypopituitarism, 
acromegaly, galactorrhea, amenorrhea, and Cushing’s syn-
drome [31]. It should be stressed that because of the variable 
expression of MEN-1 mutations, the combination of organs 
affected and the associated clinical manifestations have been 
shown to differ between family members, even twins [19, 
27]. MEN-1 can first become apparent at a variety of ages 
with first presentations reported to occur from as young as 
5 years up to 81 years of age [23, 32]. For females, the peak 
incidence occurs in the third decade of life, while for males 
it peaks during the fourth decade [29]. Biochemical abnor-
malities can be detected years before symptomatic disease 
becomes apparent [33, 34]. This makes careful biochemical 
screening an important part of the care of individuals from a 
known MEN-1 kindred. Diagnostic DNA analysis is not only 
helpful in confirming the clinical diagnosis of MEN-1 but 
also identifying at-risk patients for surveillance.

Patients with MEN-1 have lower life expectancy with a 
50 % mortality rate by the age of 50 years [35–37]. Death in 
MEN-1 is most commonly due to the malignant progression 
of pancreatic disease [35, 37]. While parathyroid and pitu-
itary lesions can cause significant morbidity, they account 
for a smaller proportion of the overall mortality rate.

Table 1  Percentage of clinical penetrance and presentation of MEN-1 
patients
Pathology Penetrance
Endocrine
Parathyroid  > 95 %
Enteropancreatic
Gastrinoma 30–40 %
Insulinoma 10 %
Functional 2 %
Nonfunctional 20 %
Pituitary
Prolactinoma 20 %
Other functional 10 %
Nonfunctional 5 %
Foregut neuroendocrine
Gastric 10 %
Thymic 6 %
Bronchial 3 %
Adrenal
Nonfunctioning 20–30 %
Pheochromocytoma < 1 %
Non-Endocrine
Facial angiofibromas 85 %
Collagenomas 70 %
Lipomas 10–30 %
Leiomyomas 10 %
Meningiomas 5 %
Ependymomas 1 %
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The main principles of managing patients with MEN-1 
are to treat the hormone excess and preventing malignant 
progression of tumors. These are discussed below within 
each affected organ system.

Parathyroid Tumors

Clinical Presentation

Primary HPT is the most common clinical manifestation 
in individuals with MEN-1. Studies have shown that by 40 
years of age, approximately 95 % of patients with MEN-1 
mutations have parathyroid disease [27, 30]. HPT is also the 
most common initial presentation of MEN-1, accounting for 
60–90 % of presenting complaints. The rate of symptomatic 
hypercalcemia is markedly decreased to 30 % in those pa-
tients within a known MEN-1 kindred who are known to be 
at risk and are undergoing regular biochemical surveillance. 
MEN-1 HPT accounts for only 2–4 % of all HPT cases in the 
community and 10 % of those with multiglandular disease 
[38]. MEN-1-related HPT differs from sporadic cases, and 
these differences have implications for the surgical manage-
ment of this disease. First, the typical age of presentation is 
approximately 20–25 years of age, which is in marked con-
trast to sporadic HPT, which most commonly occurs during 
the fifth decade of life [27, 30]. Second, the sex distribution 
for MEN-1-related HPT is equal with males just as likely to 
have HPT as females [30, 32]. In contrast, sporadic HPT is 
three times more common in females. Thirdly, the pattern 
of parathyroid enlargement differs between MEN-1 and spo-
radic HPT. In sporadic HPT, approximately 90 % of cases 
are due to a single adenoma, while, in comparison, HPT in 
MEN-1 presents with multiglandular disease [39, 40]. The 
development of parathyroid hyperplasia in MEN-1 is asyn-
chronous in nature with all four glands ultimately involved 
but at varying times. This gives rise to a pattern of asymmet-
rical disease with some glands showing significant growth, 
while others appear initially to be macroscopically normal 
[40, 41]. MEN-1 parathyroid disease is associated with su-
pernumerary glands and ectopic glands in up to 15 % [42–
44]. This pattern of multiglandular involvement and frequent 
occurrence of extra glands supports the traditional surgical 
approach of four-gland parathyroid exploration with cervi-
cal thymectomy. This approach has been challenged more 
recently with some groups advocating focused parathy-
roidectomy in selected cases [45]. Histopathologically, the 
enlarged glands show multiple monoclonal tumors, which 
have developed from polyclonal hyperplasia [46]. MEN-1 
patients appear to demonstrate markedly increased levels 
of parathyroid mitogenic factor found within the serum of 
MEN1 patients. This mitogenic factor is similar to fibroblast 
growth factor and influences growth of the endothelial com-

ponent of parathyroid glands [47]. Despite this mitogenic in-
fluence, it is unusual for HPT cases in MEN-1 to progress to 
parathyroid cancer [48–52].

Aside from the differences in age and sex distribution at 
presentation, the symptoms of MEN-1-associated HPT do 
not differ significantly from those seen in the sporadic form 
of the disease. In the past, up to 50 % of MEN-1 cases have 
presented with symptomatic renal calculi; however, with the 
advent of genetic testing and aggressive screening protocols, 
more patients are being managed with subclinical disease. 
The typical symptoms of HPT including bone abnormalities, 
musculoskeletal complaints, fatigue, and change in mental 
state are also seen. MEN-1 patients with HPT may complain 
of fatigue, polydipsia, polyuria, joint pain, bone pain, consti-
pation, and sometimes depression.

Diagnosis

Inappropriately elevated intact serum parathyroid hormone 
levels in conjunction with hypercalcemia (raised ionized or 
total-albumin corrected serum calcium) are the principal bio-
chemical characteristic in the diagnosis of HPT. Biochemical 
confirmation of HPT should always include measurement of 
24-h urinary calcium to exclude benign familial hypocalciu-
ric hypercalcemia. Determination of 1,25-dihydroxyvitamin 
D3 levels and serum blood urea and nitrogen and glomeru-
lar filtration rate (GFR) are important to rule out secondary 
causes of HPT. Screening for other elements of the MEN-
1syndrome in patients considered a risk such as gastrin, in-
sulin, Chromogranin A, pancreatic polypeptide (PP), IGF-1, 
VIP, glucagon, and prolactin can be obtained. Screening also 
includes cross-sectional imaging of the pancreas, adrenal 
glands, thymus, and pituitary. With the advent of minimally 
invasive surgery and focused parathyroid exploration for 
sporadic HPT, localization studies with ultrasound, sestami-
bi scintigraphy, or 4-D CT (four-dimensional computerized 
tomography) are now well established in the preoperative 
workup of sporadic cases. However, the role of localization 
studies for parathyroid tumors in MEN-1 is more controver-
sial. This is because HPT in MEN-1 is multiglandular and 
traditional surgical approaches have required bilateral explo-
ration. Parathyroid imaging for preoperative localization has 
not traditionally been advocated as a thorough four-gland ex-
ploration is the most widely adopted surgical approach [26, 
53, 54]. However, the frequency of supernumerary glands 
and ectopic parathyroid locations challenges this view, and 
our practice more recently has been to routinely perform ul-
trasound and sestamibi scintigraphy prior to parathyroid sur-
gery in MEN-1. This approach may also provide the surgeon 
and patient with the option of undertaking focused or mini-
mally invasive parathyroid surgery if the imaging points to 
enlarged parathyroid glands confined to just one side of the 
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neck [45]. Careful preoperative imaging is very important 
in planning surgery for patients with recurrent or persistent 
HPT, and in this setting concordant functional and anatomi-
cal imaging should be sought.

Management

The indications for parathyroid surgery generally follow 
the guidelines suggested for the management of asymptom-
atic HPT [55]. MEN-1 patients with Zollinger–Ellison syn-
drome should be considered for early parathyroid surgery 
as hypercalcemia is a potent stimulus for gastrin secretion, 
and normalizing parathyroid hormone levels improves con-
trol of hypergastrinemia [56, 57]. With the advent of easily 
available hormone assays, DNA analysis, improved imag-
ing modalities, and surveillance of known MEN-1 kindreds, 
patients are increasingly presenting with mild HPT and are 
often asymptomatic. The question in these cases is when to 
initiate surgical intervention.

The ideal surgical approach to parathyroid disease in 
MEN-1 should strike a balance between minimizing the in-
cidence of persistent or recurrent disease and avoiding per-
manent hypoparathyroidism. Surgery should be initiated in a 
timely fashion prior to the development of significant renal 
or skeletal complications. Prophylactic parathyroidectomy is 
generally not supported, and it is important that the surgeon 
understands that the outcome of permanent hypoparathyroid-
ism may be worse than the disease itself considering there 
is rarely any malignant potential to parathyroid tumors in 
MEN-1 HPT. The timing of surgery and the specific surgical 
approaches are important and debatable. Some groups have 
suggested that delaying surgery until hypercalcemia worsens 
or symptoms develop allows the pathological glands to en-
large making success at the first operation greater and reduc-
es the need for subsequent reoperations. However, propo-
nents for early surgical intervention argue that normalization 
of hypercalcemia may not only decrease gastrin production 
but also help to avoid the skeletal and renal complications of 
HPT [57–62].

The main operative approaches at initial surgery are total 
parathyroidectomy with autotransplantation of a portion of 
parathyroid tissue (total parathyroidectomy; tPTX) or sub-
total parathyroidectomy (sPTX; Fig. 1). In both procedures, 
cervical thymectomy is recommended to allow inspection of 
the thymus for supernumerary glands as well as potentially 
reducing the chance of thymic carcinoid tumors developing. 
In a small number of cases where preoperative imaging sug-
gests asymmetric parathyroid disease, and parathyroid en-
largement is confined to one side of the neck, we have under-
taken unilateral parathyroid exploration with removal of the 
ipsilateral thymus via a small cervical incision [45]. This ap-
proach certainly avoids the problem of hypoparathyroidism; 
however, its long-term durability requires longer follow-up.

The operative approach requires a delicate balance be-
tween avoiding recurrence and preventing hypoparathyroid-
ism. The two main surgical approaches for MEN-1 HPT are 
tPTX or sPTX (Fig. 1). Procedures which involve a lesser 
approach to parathyroidectomy (< sPTX) than tPTX or sPTX 
are associated with higher (> 50 %) persistent or recurrent 
rates and lower disease-free intervals (7 years for < sPTX 
vs. 16.5 years for tPTX or sPTX) [63]. However, in selected 
cases, we have undertaken unilateral minimally invasive 
parathyroidectomy (MIP) with a resulting improvement in 
the complication profile and acceptable control of HPT [45]. 
Figure 2 illustrates a case in which unilateral parathyroidec-
tomy has been performed with thymectomy.

The technique for total parathyroidectomy involves re-
moving all visible parathyroid glands with autotransplanta-
tion of small fragments of parathyroid tissue from the most 
normal-appearing gland either into the brachioradialis mus-
cle of the forearm or into the sternocleidomastoid muscle 
of the neck. Once all four parathyroids have been located, 
cervical thymectomy is undertaken and a portion of the most 
normal-appearing gland weighing approximately 50 mg is 
transplanted into the brachioradilais muscle of the nondomi-
nant upper limb via a longitudinal incision placed over the 
forearm [64]. This autotransplantation site is marked with 
titanium clips to facilitate excision in the event of graft hy-
perfunction. The remaining glands are removed and sent for 
histological assessment with a portion of tissue also saved 
for cryopreservation. The benefits of using cryopreserved 
tissue in hypoparathyroid patients have also been questioned 
by other groups who have demonstrated poor success rates 
after transplantation of cryopreserved tissue [65–69].

sPTX (Fig. 1), in which three and a half glands are re-
moved with a small parathyroid remnant equal to approxi-
mately 50 mg left in situ on a vascularized pedicle, is utilized 

Fig. 1  Subtotal parathyroidectomy and bilateral cervical thymectomy. 
Incision is made over the dotted line. Then all four parathyroid glands 
are visualized with excision of all but approximately 50 mg of right 
inferior gland which is marked with suture. Bilateral cervical thymecto-
mies are performed at the same time
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by many especially in the younger patients. Once the viabil-
ity of the retained gland is established, the remaining glands 
are removed and the in situ parathyroid is marked with a 
nonabsorbable Prolene suture. At this point, a cervical thy-
mectomy is performed. Cervical thymectomy has the theo-
retical advantage of decreasing the rate of MEN-1-associat-
ed thymic carcinoid tumors as well as increasing the disease-
free survival rates [70–72]. However, it should be noted that 
cases of thymic carcinoid have been documented in patients 
with prior cervical thymectomy [73–76].

sPTX is associated with lower rates of hypoparathyroid-
ism on the order of 1–10 % compared with rates of 10–30 % 
seen in tPTX. However, MEN-1 patients treated with sPTX 
have been shown to have recurrence rates within 10–12 years 
between 40 and 60 % of patients, in comparison to sporadic 
HPT with rates of < 5 % [41, 77–84].

Persistent HPT in MEN-1 is typically due to the failure 
to identify and resect supernumerary or ectopic glands at the 
first procedure [85]. In addition, the development of hyper-
function in autotransplanted tissue or parathyroids which 
were retained at sPTX is a frequent cause of recurrence [85]. 
Index cases of MEN-1 who undergo surgery for what ap-
pears at initial presentation to be sporadic disease are at risk 
of recurrence as a result of the widespread use of minimally 
invasive techniques for parathyroidectomy and because hy-
perplasia may not have been appreciated at the initial pro-
cedure. As such, screening patients who present with HPT 
at a young age, < 40 years for MEN-1, is appropriate. Imag-
ing studies are essential for planning reoperative surgery in 
contrast to primary cases and having two concordant imag-
ing modalities are ideal prior to proceeding to reoperative 
parathyroidectomy. Useful modalities include two or more 
of the following: CT, sestamibi, cervical ultrasonography, 

MRI with sensitivities of 70–85, 70–85, 25–90, and 60–80 %, 
respectively [86–90] (Fig. 3). In cases where forearm auto-
transplantation has been performed, graft hyperfunction can 
be demonstrated by drawing blood from both arms, while a 
tourniquet is applied to the side which carries the autotrans-
planted tissue. Known as the Casanova test, this approach 
can confirm differential PTH readings between the grafted 
forearm and peripheral blood and can direct the surgeon to 
either repeat cervical surgery or removal of the forearm graft. 
In difficult cases of recurrent disease, where ultrasound, ses-
tamibi, 4-D CT, and MRI are unhelpful, we undertake selec-
tive venous sampling (SVS). This modality requires an ex-
perienced interventional radiologist and the mapping of PTH 
gradients from multiple sites along the internal jugular and 
mediastinal veins. SVS has been shown to correctly localize 
hyperfunctioning parathyroids in 60–85 % of cases [91–94]. 
In cases where imaging has failed to confidently localize the 
site of recurrence, undirected cervical reoperation is usually 
best avoided, and we prefer to observe the patient for a pe-
riod of 6 months before repeating our imaging algorithm.

After adequate preoperative imaging, reoperation for HPT 
in MEN-1 can often be undertaken as a focused procedure 
without the need for extensive dissection. The majority of 
recurrent intrathymic parathyroid tumors sit within the upper 
anterior mediastinum and can be successfully removed via 
cervical exploration. For tumors located deeper in the middle 
and posterior mediastinum and aorticopulmonary window, 
minimally invasive thoracic approaches and even formal 
sternotomy is necessary to establish safe surgical access.

Achieving normocalcemia after revision surgery for HPT 
in MEN-1 has been described in up to 70 % of cases [72, 95]. 
Recurrences following reoperation are frequent and occur 
in 30–60 % of patients with 10–30 % of patients acquiring 
permanent hypoparathyroidism and 1–5 % with permanent 
recurrent laryngeal nerve injury. In cases where surgery is 
not feasible or the patient is not a suitable operative candi-
date, ethanol ablation and angiographic embolization have 
been used with some success. Medical therapy with the 
calcimimetic agent Cinacalcet can be used to manage refrac-
tory cases where operative intervention is not appropriate.

Fig. 3  4-D CT of patient with mediastinal hyperparathyroid. 4-D CT 
4-dimensional computerized tomography

 

Fig. 2  Minimally invasive parathyroidectomy. In patients with local-
izing imaging, a focused or unilateral parathyroidectomy approach 
through minimal incision is recommended. In this procedure, all unilat-
eral glands are explored and resected if found enlarged and at the same 
time unilateral cervical thymectomy is performed
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Pancreaticoduodenal Neuroendocrine Tumors

Pancreatic and duodenal neuroendocrine tumors (PNETs) 
are the second most prevalent clinical manifestations of 
MEN-1 disease with clinical penetrance of 50–70 % [27, 
96]. However, autopsy studies have shown that almost 100 % 
of MEN-1 patients, by the age of 40 years, have multiple 
nonfunctioning macroadenomas [97]. PNETs can present 
with clinical syndromes of hormone excess, most commonly 
from gastrinoma accounting for 30–40 % of cases. However, 
nonfunctional tumors account for 20 %. Other functioning 
PNETs include insulinoma (10 %) and rarely glucagonoma, 
VIPoma, and somatostatinoma (2 %; Table 1) [26].

In contrast to sporadic disease, MEN-1-related PNETs 
are solid, multifocal, and heterogeneous. Most are micro-
adenomas ( < 0.5m) scattered throughout the pancreas and 
surround a larger macroadenoma. It has been theorized that 
these microadenomas may arise from pancreatic duct pre-
cursor cells because microadenomas are often surrounded 
by dysplastic (proliferating) exocrine ducts. Histologically, 
these lesions do not show normal islet-cell architecture and 
on immunohistochemistry can stain positively for numerous 
proteins such as chromogranin A, synaptophysin, neuron-
specific enolase, as well as multiple hormones such as PP, 
glucagon, insulin, and somatostatin [98–101]. In addition, 
submucosal duodenal carcinoids are detected in > 50 % of 
patients with MEN-1-associated PNETs which have impor-
tant implications during surgical intervention [102].

PNETs are the most frequent cause of mortality in MEN-
1. At the time of clinical diagnosis, 30–50 % of patients have 
lymph node or liver metastasis [34, 96, 103, 104]. Further-
more, studies have shown that nearly 50 % of MEN-1-as-
sociated deaths before 50 years of age are due to pancre-
atic malignancy predominantly with liver metastasis [35–37, 
104, 105]. Studies looking at the progression of PNETs have 
shown that they are an important factor in the long-term sur-
vival of MEN-1 patients [106, 107]. It remains controversial 
whether there is a correlation between tumor size and risk of 
metastasis. However, the French GTE ( Groupe d’etudes des 
tumeurs endocrines) register did reveal that a tumor size of 
> 3 cm correlated with a higher rate of metastasis (15–52 %) 
[105, 108–111]. Interestingly, a recent Swedish study did 
not show any survival difference between MEN-1 PNET pa-
tients compared with similar sporadic cases and that survival 
itself can be correlated to tumor, node, metastasis (TNM) 
staging and Ki67 proliferation index [112]. Furthermore, 
it showed that nonfunctioning tumors had poorer survival. 
Whether this decreased survival is due to delayed presenta-
tion as they are asymptomatic, or that the disease itself is 
more aggressive, needs to be elucidated.

Functioning Pancreaticoduodenal  
Endocrine Tumors

Gastrinoma

Zollinger and Ellison in 1955 first described two patients 
with non-β islet cell pancreatic tumors with marked gastric 
acid production and subsequent recurrent peptic ulceration 
[113]. Then in 1960, Gregory was able to extract a gastric se-
cretagogue, otherwise known as Gastrin, from these tumors 
[114, 115]. As such, gastrinoma is synonymous with the 
Zollinger–Ellison syndrome. Gastrinoma is a common pre-
sentation of MEN-1, and approximately 20–25 % of patients 
with gastrinoma have MEN-1 disease [116]. The syndrome 
comprises tumors of the pancreas or duodenum that secrete 
gastrin and gastrin precursors, thereby mimicking gastrin se-
creted by G cells in the gastric antrum.

Similarly, to MEN-1 HPT disease, PNETs in these pa-
tients differ to sporadic cases, in that age of presentation is 
usually 10 years younger and that the disease is often mul-
tifocal [102, 117]. Gastrinomas in MEN-1 are commonly 
found in the duodenum ( > 90 %) as small, multiple, and 
nodular, predominantly in the first and second part which is 
not dissimilar to sporadic cases [118]. Rarely, gastrinomas 
can be seen in the pancreas, and these are often large and as-
sociated with early liver metastasis.

Studies have shown that many MEN-1 patients have 
biochemical hypergastrinemia without clinical sequelae of 
Zollinger–Ellison syndrome. Approximately, 30–50 % of 
symptomatic patients have nodal or liver metastasis [96, 103, 
111, 119]. Those that have metastasized to the liver have a 
50 % 5-year survival rate [120]. Despite the multifocal and 
metastatic potential of gastrinomas in MEN-1, studies have 
not detected an expected worsened prognosis compared to 
sporadic cases; 5-year survival rates for all gastrinoma pa-
tients range between 62 and 75 % [112]. However, currently 
there has been no correlation between genotype and disease 
progression as it can often differ significantly even between 
family members [34, 111]. Features associated with a worse 
prognosis are pancreatic primary, liver metastasis, ectopic 
Cushing’s syndrome, or markedly elevated plasma gastrin 
concentrations [120].

Localization of gastrinoma may be challenging as these 
lesions are often small and multifocal. Investigations include 
CT, MRI, somatostatin receptor scintigraphy, gallium posi-
tron emission tomography (Ga-PET) scan and endoscopic 
ultrasound. CT and MRI are important in evaluating the pan-
creas, liver, lymph node status, and overt peritoneal disease. 
Figure 4 is an example of a CT scan of a patient with PNETs. 
Endoscopic ultrasound also has high sensitivity of up to 90 % 
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and has the added advantage of incorporating fine-needle bi-
opsy of the suspected lesions [121–123]. Endoscopic ultra-
sound and intraoperative ultrasound have become the most 
reliable modalities for isolating pancreatic and duodenal 
lesions in our experience. Fluorodeoxyglucose (FDG) PET 
scan has a limited role in detecting most primary PNETs as 
they are commonly negative due to lesions being less than 
5 mm. However, FDG PET is useful for evaluating meta-
static disease. The recent use of Gallium 68-labeled octreo-
tide scintigraphy (Ga-68 1,4,7,10-tetraazacyclododecane-
NI,NII,NIII,NIIII-tetraacetic acid (D)-Phe1-thy3-octreotide 
(DOTATOC)) allows functional detection of the lesions and 
can often identify up to 35 % of occult tumors not seen in 
anatomical imaging [124]. It has a sensitivity of around 85 % 
and specificity of up to 100 % [124–126].

Treatment of gastrinoma involves managing the hyper-
gastrinemia and surveillance for the development of malig-
nancy. Medical treatment with acid inhibitors, such as pro-
ton pump inhibitors (PPIs), has markedly reduced the rate 
of death resulting from hypergastrinemia-induced metabolic 
complications. However, medical treatment does not prevent 
malignant transformation or metastatic disease, and this is 
where surgical intervention may play a role.

The aim of surgical intervention is to provide eugastrin-
emia as well as removing malignant or premalignant disease. 
There are several controversies regarding surgical manage-
ment of gastrinoma in MEN-1, and these include timing 
and indication of surgery, type of surgery, and surgery for 
advanced disease. PNETs in MEN-1 are multifocal and as 
such curative excision of gastrinomas is unlikely. Norton, in 
1999, in a prospective study showed that cure rates were 5 % 
at 5 years and 0 % at 10 years [118]. In comparison, spo-
radic cases had a cure rate of 34 % at 10 years. Furthermore, 
postoperative analysis demonstrated no survival benefit or 
decrease in rate of liver metastasis in patients who had un-
dergone surgical excision [118, 127]. However, it should be 
noted in these studies, indications for surgery were lesions 
greater than 3 cm and/or symptoms of obstruction. Propo-

nents for delayed surgical intervention argue that even with 
metastatic disease, there is a 15-year survival rate of 52 % 
[128]. Lowney, in a recent study of MEN-1 patients, could 
not demonstrate a correlation between size of tumor and 
metastatic potential in general, only those with tumors of 
> 2 cm had liver metastasis [105]. This raises the question 
whether earlier surgical intervention may actually produce 
survival benefit in the form of reducing liver metastasis. 
Studies in support of this idea involved resection of lesions 
> 1 cm and have shown no development of liver metastasis 
after a median follow-up of 83 months [111]. Finally, it has 
been suggested that there should be a delay in operating in 
small PNETs because surgery itself has a mortality rate of up 
to 15 %. However, it should be noted there have been numer-
ous studies with little or no mortality associated with surgi-
cal intervention [111, 129–131].

There have been many surgical approaches advocated in 
the literature, and the most commonly described is that of 
Dr. Norman Thompson. This surgical approach is primar-
ily based on two unique characteristics of PNET. The first 
is that gastrinomas are usually located in the duodenum and 
within the “gastrinoma triangle” between the junction of the 
cystic and common bile ducts, junction of second and third 
parts of duodenum, and junction of the neck and body of 
the pancreas. Second, concomitant nonfunctioning tumors 
are usually found in patients with gastrinoma. Consequently, 
Thompson proposed that intraoperative ultrasound should be 
used to investigate lesions in the pancreas, and those found 
in the pancreatic head are enucleated. At the same time, an 
80 % distal pancreatectomy with splenic preservation is per-

Fig. 4  CT scan in coronal view demonstrating enteropancreatic endo-
crine tumor. As can be seen the multifocal nature of the pancreatic le-
sions can be appreciated. CT computerized tomography

 

Fig. 5  Surgical management of large distal pancreatic lesions. This in-
cludes distal pancreatectomy (80 %) with enucleation of smaller lesions 
in pancreatic head. Patients who have a raised gastrin level will then 
proceed to have a duodenotomy to allow identification and enucleation 
of duodenal gastrinomas
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formed (Fig. 5). Those with Zollinger–Ellison syndrome are 
further subjected to duodenotomy, whereby the entire duo-
denum is examined and the typical small submucosal lesions 
are enucleated. A regional lymphadenectomy is also under-
taken. Initial results reported by Thompson using this tech-
nique in 40 patients have demonstrated that 68 % of patients 
remain eugastrinemic and that only one person developed 
a solitary liver metastasis with no mortality in follow-up as 
long as 19 years [121, 122]. However, long-term follow-up 
of these patients have demonstrated a high recurrence rate of 
PNETs in the remaining pancreas [132]. There is a 10–20 % 
risk of pancreatic pseudocyst and fistula which are often 
dealt with adequately with drainage and time. Controversy 
exists whether routine distal pancreatectomy should be per-
formed. The theoretical advantage of distal pancreatectomy 
in patients without evidence of distal pancreatic disease has 
been questioned with studies like that of Norton et al. show-
ing excellent survival rates without routinely performing 
distal pancreatectomy. In their study of 81 patients, 25 of 
these with PNET < 2.5 cm had 15-year survival of 100 %, 
17 patients with PNET < 6 cm had survival of 100 %, and 
31 patients with ≥ 2 tumors or > 6 cm had survival of 89 % 
[106, 133].

For MEN-1 cases with larger lesions in the head of the 
pancreas which are not amenable to conservative enucle-
ation, pylorus preserving pancreaticoduodenectomy (PPPD) 
is required (Fig. 6). Rarely, patients with multiple large 
malignant pancreatic lesions may require total pancreatec-
tomy; however, these cases are almost always associated 
with significant endocrine and exocrine insufficiency, have 
higher complication rates, and should be reserved for those 
kindreds where a strong history of metastatic disease is ap-
parent [131, 134].

Patients with recurrent disease can often undergo reop-
eration with either further enucleations or pancreaticoduo-

denectomy. A study by Jaskowiak exploring reoperations 
in patients with recurrent disease found that the 2.5-year 
follow-up cure rate was lower at 23 % (vs. 47 % in those 
with only a primary operation) [135]. The authors suggested 
that cure rates of 23 % were a clear indication that surgery 
should be attempted to allow patients to be “disease free.” 
However, 15-year survival rates of 93 % are seen in post-
operative patients and as such reoperation may not change 
survival [133]. Furthermore, the role of surgical interven-
tion in hepatic metastasis is evolving. Surgical debulking 
and/or radiofrequency ablation of hepatic metastasis with 
acceptable morbidity and low mortality is generally recom-
mended as it may increase survival as well as help manage 
Zollinger–Ellison syndrome. For patients with disseminated 
disease, hormonal control with long-acting octreotide, PPIs, 
chemotherapy agents, such as streptozotocin and 5-fluoro-
uracil or doxorubicin, have been used with some success for 
palliation [136].

Insulinoma
Insulinoma are β islet cell tumors that secrete insulin and 
are the second most common functional PNETs seen in 
MEN-1 patients with a prevalence of 10 % (Table 1) [27, 
29]. MEN-1-associated insulinoma accounts for only 4 % 
of all patients with insulinoma. Patients are younger at pre-
sentation (less than 20 years of age) which is in contrast to 
those sporadic cases which typically present greater than 40 
years of age. Clinically, they present with hormonal effects 
of hyperinsulinemia, hypoglycemia, especially after fasting 
or exertion. Diagnosis requires supervised 72-h fasting with 
inappropriately elevated insulin C-peptide and proinsulin 
concentrations. MEN-1 insulinoma is usually caused by a 
single dominant and benign tumor and is typically 2–3 cm in 
size but can be located anywhere in the pancreas [29, 137]. 
However, it is often associated with multiple other nonfunc-
tioning lesions. Surgical excision remains the most effective 
treatment for insulinoma in order to prevent life-threatening 
hypoglycemia.

Preoperative localization studies include endoscopic ul-
trasound, CT, celiac axis angiography, pre- and perioperative 
transhepatic portal venous sampling, selective intra-arterial 
stimulations with hepatic venous sampling, and intraopera-
tive direct pancreatic ultrasonography. Operative manage-
ment is dependent upon the site, size, and proximity to the 
pancreatic duct of the dominant lesion. Cure rates are greater 
than 90 % with median follow up of 10 years and conserva-
tive resections as expected have a higher incidence of recur-
rence versus subtotal resections [138–140].

VIPoma, glucagonoma, PPoma, Somatostatinoma, 
and GHRHoma
Pancreatic tumors which secrete vasoactive intestinal pep-
tide (VIP), the so-called Verner–Morrison syndrome, glu-

Fig. 6  Surgical management of large lesions in pancreatic head. This 
involves pylorus-preserving pancreaticoduodenectomy with enucle-
ation of distal pancreatic lesion
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cagon, PP, somatostatin, and growth-hormone-releasing 
hormone (GHRH) occur infrequently. These are all rare and 
together have a prevalence of less than 2 % in MEN-1 syn-
drome [27, 141]. In PPoma and somatostatinoma, secretion 
of these enzymes usually does not translate into any apparent 
endocrinopathy. In contrast, tumors that secrete growth-hor-
mone-releasing hormone (GHRH) have rarely been reported 
in MEN-1 and when they arise can be found > 50 % in the 
lung, 30 % in pancreas, and 10 % in small intestine. Gluca-
gonoma usually presents as hyperglycemia, anorexia, glos-
sitis, anemia, diarrhea, venous thrombosis and necrolytic 
migratory erythema. By the time patients present, the lesions 
are large and have often metastasized and palliative surgery, 
and ablative procedures are typically necessary.

VIPomas secrete VIPs causing watery diarrhea, hypoka-
lemia, and achlorhydria. As these lesions are usually located 
in the tail of the pancreas, surgical excision has been cura-
tive. Unfortunately, unlike insulinomas, these rarer PNETs 
are often asymptomatic until the tumor is large and metas-
tasis to visceral organs is present. The GTE registry showed 
that these tumors were twice as likely to be > 3 cm in size 
and visceral metastasis were also more frequently seen in 
comparison to other types of MEN-1-associated PNETs (40 
and 15 %, respectively). These characteristics translate to a 
poorer survival that is equivalent to that of nonfunctioning 
tumors. The 10-year disease-related survival rates for the 
various PNETS is as follows: glucagonomas, VIPomas, or 
somatostatinomas 54 %; gastrinomas 81.7 %; insulinomas 
91.4 %; and nonfunctioning PNET 62.2 % (141).

Nonfunctioning Pancreaticoduodenal Endocrine 
Tumors

The prevalence of nonfunctioning PNETs in MEN-1 is 
around 20–35 % and clinical presentation has been detected 
as early as 12 and 14 years of age [26, 27, 108]. Despite its 
asymptomatic nature, they have a high-malignant potential 
and subsequently need to be monitored and resected before 
malignant progression. The 10-year survival rate for patients 
with nonfunctioning PNETs has been found to be around 
62 % [108, 141]. Furthermore, the rate of survival can be cor-
related to tumor size and metastasis. Tumors with diameters 
of < 1, 1–3, and > 3 cm had metastasized in 4, 28, and 43 % 
of patients, respectively. This correlated with 8-year survival 
rates of approximately 100, 80, and 40 %, respectively [108]. 
Studies by Triponez and colleagues have recommended sur-
gical excision in those that are ≥ 2 cm. However, in their 
study, 4 % of patients with tumors, less than 1 cm had me-
tastasis [108, 109]. Due to this, some have called for earlier 
intervention on lesions > 1 cm. Whether preventing metas-
tasis by more aggressive and earlier surgical intervention is 
improving survival has yet to be elucidated.

Pituitary Tumors

Anterior pituitary tumors are found in about 30 % of MEN-1 
patients and account for 25 % of its initial presentation [26, 
27]. Among all pituitary adenomas which proceed to sur-
gical resection, 2–3 % occurs in the setting of MEN-1. In 
the French GTE registry, out of 324 patients, 42 % pre-
sented with pituitary adenomas with mean age of onset of 
38 years but ranged from 12 to 83 years of age [108, 110]. 
The distribution of the types of pituitary adenoma is similar 
to sporadic cases; prolactinoma in 62 %, somatotropinoma 
in 9 %, Cushing’s disease in 4 %, and nonsecreting in 15 % 
[110, 142]. MEN-1-associated pituitary adenomas were gen-
erally seen to be larger, and more commonly invasive than 
sporadic cases. In addition, there have been reported cases 
of double adenomas and multi-hormonal associations such 
as prolactin and adrenocorticotropic hormone (ACTH) or 
prolactin/growth hormone (GH) and follicle stimulating hor-
mone/luteinizing hormone (FSH/LH) which are all atypical 
[143]. Clinical manifestations and treatment are similar to 
those with sporadic pituitary tumors. Surgery, medical ther-
apy with dopamine agonists, and radiotherapy have all been 
used. The preferred treatment depends on the tumor size and 
invasion, visual impairment, the presence of hormonal hy-
persecretion, and response to medical treatment.

Other MEN-1-Associated Tumors

Carcinoid Tumors

Carcinoid tumors in MEN-1 patients are found predomi-
nately in the foregut (gastric, thymic, and bronchial). Car-
cinoids occur in about 15 % of MEN-1 patients [26, 27, 29]. 
MEN-1 carcinoid tumors also have strong gender-specific 
distribution; thymic carcinoids are found predominantly in 
males and bronchial carcinoids in females [24, 71, 144, 145]. 
Furthermore, unlike other MEN-1 associated tumors, the av-
erage age of onset is much later in the 40s [146]. This re-
flects the lack of hormonal oversecretion and compression-
induced symptoms. These tumors have malignant potential 
and represent the second most common case of tumor-relat-
ed deaths. Thymic carcinoids are more often malignant than 
bronchial carcinoids (70 vs. 20 %, respectively).

Thymic carcinoids are usually found at an advanced stage 
as a large invasive mass as can be seen in Fig. 7. Patients 
with MEN-1 thymic carcinoid have a poor prognosis with 
reported median survival of 28 months and 5-year survival 
rate of less than 30 %. As such, it has been suggested that 
routine transcervical thymectomy should be performed as 
part of procedures for parathyroid disease [70–72]. How-
ever, resection does not prevent development of thymic 
carcinoids as there have been many reported cases of post-
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cervical thymectomized patients with thymic carcinoids 
[73–76]. It seems rational therefore to carefully monitor for 
progression of thymic disease. Bronchial carcinoids on the 
other hand are more indolent. Gastric carcinoids are tumors 
of enterochromaffin-like cells, and they occur in 10 % of 
MEN-1 patients. They can be found either as an incidental 
finding on endoscopy or cause hormonal sequelae by its ex-
cessive secretion of serotonin and histamine. Also known as 
type II gastric neuroendocrine tumours, they have a 5-year 
disease free survival rate of 78%. Lesions smaller than 2 cm 
are recommended for endoscopic removal; however, larger 
ones require surgical excision.

Cutaneous Tumors

MEN-1-associated cutaneous tumors include angiofibroma, 
collagenoma, lipoma, leiomyoma, meningiomas, and epen-
dymoma in decreasing order of frequency [147–149]. An-
giofibroma are found in 85 % of MEN-1 patients and half of 
these have > 5 papules on the face that do not regress and can 
extend beyond the vermilion border of the lips. Collageno-
mas are seen in 70 % of MEN-1 patients and present as whit-
ish, macular lesions seen on the trunk. Thirty percent of 
MEN-1 patients have lipomas which are usually dermal and 
small. Leiomyoma of the esophagus, lung, rectum or uterus 
are reported in 10 % of MEN-1, and those of the esophagus 
and uterus are pathognomonic of MEN-1 syndrome. Rarer 
tumors such as cranial meningioma and spinal cerebellar 
ependymoma are usually benign and small and require no 
intervention [150–154].

Adrenal Tumors

Nonfunctioning adrenal cortical tumors have a prevalence 
of 20 % in MEN-1 patients [27, 155]. They are usually bi-
lateral, hyperplastic, and located in the cortex of the adrenal 
gland. While Pheochromocytoma are very rare with only 
a few reported cases; these are usually unilateral and non-
functional. Adrenocortical carcinomas have been identified 
rarely ( < 1 %) in some kindreds, and this is increased to 13 % 

for larger adrenal lesions [155–158]. Surgical indications in-
clude size of > 4 cm, significant growth, or atypical imaging 
characteristics [53].

Surveillance

Surveillance for MEN-1 disease requires prevention of ma-
lignant transformation and screening. This includes primary 
prevention to identify individuals with MEN-1 mutation, 
recognizing asymptomatic disease in known carriers, man-
aging those with nonfunctional disease before the progres-
sion to malignancy.

Genetic testing is indicated to identify patients that have 
a high potential to develop MEN-1 disease, specifically as 
carriers of mutated MEN-1 allele. Patients who should be 
screened include all first-degree relatives and even second-
degree relatives if testing of the first-degree link is not 
available [26]. It should be noted that in around 15 %, no 
germ-line mutation is demonstrated. However, in individu-
als where MEN-1 mutations are not seen, further haplotype 
analysis around the MEN-1 locus may be helpful in elucidat-
ing a genetic cause. Furthermore, as MEN-1 disease is au-
tosomal dominant in nature, genetic screening can also help 
eliminate a lifetime of unnecessary biochemical and imag-
ing surveillance in noncarriers. These genetic tests can be 
done at any age and are usually carried out promptly to allow 
proper secondary screening of individuals.

Secondary screening occurs as early as 5 years of age to 
detect pituitary tumors or insulinomas with annual prolac-
tin, insulin-like growth factor 1, fasting glucose, and insu-
lin levels (Table 2). Then by age 8, biochemical screening 
should include ionized calcium and parathyroid hormone 
levels. Enteropancreatic tumors are screened at 20 years of 
age with gastrin, Chromogranin A, glucagon, and proinsulin 
levels. Since nonfunctional or biochemically silent disease is 
common in MEN-1, screening for these with cross-sectional 
imaging of the chest and abdomen are recommended every 
3 years regardless of biochemical results. With the advent 
of genetic screening, improved biochemical markers, and 
imaging modalities, more presymptomatic patients are being 
identified.

Fig. 7  CT scan of a patient with 
thymic carcinoid. CT computer-
ized tomography
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Conclusion

MEN-1 is an autosomal-dominant disorder in which patients 
are primarily at risk of parathyroid hyperplasia, pituitary ad-
enoma, and enteropancreatic tumors. It is a disease that has a 
high morbidity and mortality rate as its manifestations often 
recur and can be malignant. Consequently, management of 
patients with MEN-1 is a lifelong process with careful and 
diligent screening of patients and their relatives and subse-
quent treatment of its clinical manifestations. Treatment of 
MEN-1 often requires surgical excision of the affected organ 
and as such a delicate balance must be achieved between 
preventing malignancy and avoiding the complications of 
treatment.

Key Summary Points

• MEN-1 is an autosomal-dominant disorder with muta-
tions of the MEN-1 gene causing clinical triad of tumori-
genesis in the parathyroids, enteropancreas, and pituitary. 
Patients are diagnosed clinically if two out of the three 
organs are involved or if known MEN-1 kindred, only 
one out of three is diagnostic. Genetic testing confirms 
diagnosis but is not exclusive.

• Primary hyperparathyroids in MEN-1 is different to spo-
radic cases, in that it appears in younger patients, has a 
female predominance, and is histologically an asymmetri-
cal multigland disease.

• Management classically includes either total parathyroid-
ectomy with autotransplantation or sPTX, both with cer-
vical thymectomy. Recently, it has been suggested that a 
staged unilateral minimally invasive approach may also 
be appropriate.

• MEN-1-related PNETs are usually multifocal solid 
microadenomas surrounding a larger macroadenoma. 
They are the most frequent cause of mortality in MEN1 
and 30–50 % have lymph node of liver metastasis at clini-
cal presentation. The most common types are gastrinoma, 
Insulinoma, and nonfunctioning PNETs.

• Gastrinoma has clinical penetrance of 30–40 % and usu-
ally presents 10 years younger than sporadic cases. They 
are commonly multiple, small, and nodular lesions in the 
first and second part of duodenum and rarely the pan-
creas.

• Treatment of gastrinoma includes symptomatic control 
with PPIs and surgical resection. Surgical management 
include 80 % distal pancreatectomy and enucleation of 
lesions found in pancreatic head and duodenum. Those 
with large pancreatic head lesion should have PPPD 
instead. Reoccurrence rates are high and cure rates of 0 % 
at 10 years are found postoperatively.

• Insulinomas are the second most common MEN-1 PNETs 
(10 %). Patients usually are less than 20 years of age on 
presentation and insulinomas usually occur due to single 
2–3 cm lesion in the pancreas. Operative management is 
indicated to prevent life-threatening hypoglycemia and 
cure rates of > 90 % at 10 years have been shown.

• Nonfunctioning PNETs are demonstrated in 20–35 % of 
MEN-1 and although patients are asymptomatic, their 
high malignant potential denotes a stringent surveillance 
and early surgical intervention.

• Pituitary tumors are seen in 30 % of MEN-1 patients and 
the types of pituitary adenoma and their management are 
similar to sporadic cases.

• Foregut carcinoids have a clinical penetrance of 15 % 
and have a strong gender-specific distribution (thymic 
for males and bronchial for females). They are the second 
most common tumor-related deaths in MEN-1 patients 
and as such survival rates are poor (5 years of less than 

Table 2  Surveillance program for patients at high risk. (Data from Brandi et al. [26])
Pathology Age of 

onset
Tests
Bloods (annually) Imaging (3 yearly)

Parathyroid hyperplasia  8 iCa, PTH None
Enteropancreatic tumour Gastrinoma 20 Gastrin, gastric acida output, secretin stimula-

tion testa None
Insulinoma  5 Fasting glucose, insulin
Pancreatic Polypeptide 20 Chromogranin-A, pancreatic polypeptide
Other (nonfunctioning PETs) 20 Glucagons, somatostatin, proinsulin, VIP MRI, CT, Octreo-

tide scanb

Anterior pituitary Prolactinoma  5 Prolactin
MRI

Growth hormone  5 IGF-1
Foregut carcinoid 20 None CT/MRI
iCa serum-ionized calcium, PTH parathyroid hormone, IGF insulin-like growth factor, CT computed tomography, MRI magnetic resonance imag-
ing; Indium In 111 pentetate (IN-DTPA), VIP vasoactive intestinal peptide, PETs positron emission tomographies
a Only tested if gastrin is high
b Octreotide scan: [111Indium-DTPA-D-Phe1]-Octreotide Scintigraphy
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30 %). Consequently, routine surgical excision during 
parathyroidectomies has been recommended.

• Genetic testing should be carried out in all first-degree 
relatives and secondary screening to identify disease 
manifestations should occur as early as 5 years of age.
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Paul Wermer. (From [14]. Reprinted with permission from ABC-CLIO 
Inc)

Paul Wermer, son of Leopold Wermer and Sophie nee Gold-
sterm, was born on February 3, 1898, in Vienna, Austria, 
and died on November 18, 1975, in Europe. He married Eva 
Raundnitz in 1925 and had a son, Hans Wermer. His native 
language was Hungarian.

Dr. Wermer studied at the faculty of medicine from the 
summer of 1918 throughout the winter semester of 1921 
[1]. During his final semester, he studied at the University 
of Heidelberg, passed his final exams with honors, and ob-
tained his medical degree from the medical school of the 
University of Vienna in 1922 [2]. For further education, Dr. 
Wermer moved to Ann Arbor, Michigan, obtaining the de-
gree of Endocrine Physiologist from Michigan University in 
1933. He then moved to New York in 1942 to do research in 
the Department of Medicine of Columbia University. He was 
part of the College of Physicians and Surgeons from 1947 to 
1963 [3].

Paul Wermer participated in research projects in many 
hospitals (Fig. 1), including the Vanderbilt Clinic, the 
Delafield Hospital, the Bellevue Hospital, and the Presby-
terian Hospital. With the aim of providing an appropriate 
forum for educational and disseminating the results of his 
biological research, Dr. Paul Wermer joined the Federation 
of American Societies for Experimental Biology in 1954 [3]. 
He retired from professional life on June 30, 1963 [2].

A constellation of multiple endocrine tumors was first re-
ported by Jakob Erdheim in 1903. He described the autopsy 
of a patient with acromegaly, a pituitary tumor, thyroid goi-
ter, three enlarged parathyroid glands, and pancreatic necro-
sis [4]. There were several reports of patients with multiple 
endocrine tumors to follow, but a true syndrome was not 
identified until 1953. Underhal and others from the Mayo 
Clinic reported eight patients with multiple endocrine adeno-
mas that included parathyroid tumors in all, acromegaly in 
two, and severe peptic ulcer disease due to Zollinger–Ellison 
syndrome (ZES) in 3 [5].

Dr. Wermer wrote several papers in the field of endocrine 
disease. Perhaps his most relevant contribution was his de-
scription of the “Genetic Aspects of Adenomatosis of the En-
docrine Glands,” which was published in the American Jour-
nal of Medicine in 1954. In this publication, he described 
what is known today as the multiple endocrine neoplasia type 
1 (MEN-1), a syndrome that includes pituitary, pancreatic, 
and parathyroid tumors and that was subsequently named 
after him (Wermer syndrome). In his paper, he described a 
family in which the MEN-1 syndrome occurred in several 
family members spanning two generations. In his conclu-
sions, he highlighted the hereditary pattern of the syndrome 
as autosomal dominant suggesting that one single autosomal 
gene would be responsible for the disease. This hypothesis 
was later confirmed with the discovery of the menin gene at 
11q13 [6, 7].

Zollinger and Ellison [8] in one of their initial reports 
underlined the high prevalence of ZES in the MEN-1 syn-
drome. This important finding was in accordance with 
Wermer’s finding that 19 of 20 patients from his reported 
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family had ZES and led to a subsequent publication titled 
“Endocrine Adenomatosis and Peptic Ulcer in a Large Kin-
dred. Inherited Multiple Tumors and Mosaic Pleiotropism in 
Man” [8]. One additional contribution by Wermer was the 
identification of multiple lipomas and gastrointestinal carci-
noid tumors as part of the MEN-1 syndrome (Fig. 2) [5–12].

Interestingly, according to the 1940 US census, the last 
residence of Dr. Wermer was in New York City, Manhattan 
Borough Assembly District 7, corner of Amsterdam Av and 
W 85th (Fig. 3) [13]; however, the Social Security Death 
Index indicates that his last residence was at the US consul-
ate in Bern, Switzerland.

References

1. Archiv der Universität Wien. Librarian for science and biology and 
physics. Vienna University Library. Universitätsring 1A-1010 Wien. 
http://bibliothek.univie.ac.at/archiv/vienna_university_archive.
html. Accessed 2 May 2014.

2. Archives & Special Collections Augustus C. Long Health Sciences 
Library, Columbia University Medical Center. 701 West 168th 
Street, New York, NY 10032. http://vesta.cumc.columbia.edu/
library/archives/index.html. Accessed 23 May 2014.

3. US National Archives. National Register of Scientific and Techni-
cal Personnel Files. Record group 307. 2013. www.moncavo.com. 
Accessed 26 May 2014.

4. Erdheim J. Zur normalen und pathologischen histologie der glan-
dula thyreoidea, parathyreoidea und hypophysis. Beitr Anat Pathol. 
1903;33:158.

5. Lairmore T. Multiple endocrine neoplasia. In:  Norton J, Barie P, 
Randal R, et al., editors. Essential practice of surgery. Basic sci-
ence and clinical evidence. 2nd edn. New York: Springer; 2008. 
pp. 417–420.

Fig. 1  Paul Wermer’s employee card at Columbia University

 

Fig. 2  Wermer’s original illustration of familiar pedigree with inheritance pattern in endocrine adenomatosis and peptic ulcer

 

http://bibliothek.univie.ac.at/archiv/vienna_university_archive.html
http://bibliothek.univie.ac.at/archiv/vienna_university_archive.html
http://vesta.cumc.columbia.edu/library/archives/index.html
http://vesta.cumc.columbia.edu/library/archives/index.html
www.moncavo.com


383Paul Wermer

6. Wermer P. Genetic aspects of adenomatosis of endocrine glands. 
Am J Med. 1954 ;16(3):363–71.

7. Thompson G, Young W. Multiple endocrine neoplasia type 1. In: 
Clark O, Duh Q, Kebebew E, editors. Textbook of endocrine sur-
gery. 2nd ed. Philadelphia: Elsevier Saunders; 2005. pp. 673–690.

8. Wermer P. Endocrine adenomatosis and peptic ulcer in a large kin-
dred. Inherited multiple tumors and mosaic pleiotropism in man. 
Am J Med. 1963;35:205–12.

9. Zubrod CG, Wermer P, Pieper W, Hilbish TF. Acromegaly, jejunal 
ulcers and hypersecretion of gastric juice: clinical-pathological 
conference at the National Institutes of Health. Ann Intern Med. 
1958;49(6):1389–409.

10. Wermer P. Duality of pancreatogenous peptic ulcer. N Engl J Med. 
1968;278(7):397–8.

11. Wermer P. The diagnosis of polyadenomatosis of endocrine 
glands. Radiol Clin North Am. 1967;5(2):349–54.

12. Wermer P. Familiar polyendocrine adenomatous hyperplasia syn-
drome. Actual Endocinol. 1973;13:5–13.

13. United States census, 1940. https://familysearch.org/pal:/MM9.3.1/
TH-1942-27839-20734-3?cc=2000219. Accessed 26 May 2014.

14. Wellbourn RB. The history of endocrine surgery. Westport: Prae-
ger; 1990.

Fig. 3  US Census from 1940, 
New York City
 

https://familysearch.org/pal:/MM9.3.1/TH-1942-27839-20734-3?cc=2000219
https://familysearch.org/pal:/MM9.3.1/TH-1942-27839-20734-3?cc=2000219


385

Norman W. Thompson

1932–

Gerard M. Doherty

J. L. Pasieka, J. A. Lee (eds.), Surgical Endocrinopathies, DOI 10.1007/978-3-319-13662-2_60,
© Springer International Publishing Switzerland 2015

G. M. Doherty ()
Department of Surgery, Boston University, 88 East Newton St C-500,  
Boston, MA 02118, USA
e-mail: dohertyg@bu.edu

Dr. Norman W. Thompson in one of his frequent teaching moments

Dr. Norman W. Thompson (NWT) is one of the most beloved 
figures in endocrine surgery. His examples of patient care, 
mentorship, devotion to his craft, and affable nature have 
influenced hundreds of surgeons and affected the lives of 
thousands of patients. He advanced the field through his sci-
entific research and his organizational ability. He is among a 
small group that can be considered the founders of the spe-
cialty of endocrine surgery.

Academic Career

NWT graduated from Hope College (located in Holland, 
Michigan) in 1953; he has remained a loyal supporter since. 
He was a member of the board of trustees from 1973 to 
1988, and was awarded a Distinguished Alumni Award in 
2004. He and Marcia (Hope College, Class of 1956) have 
endowed a science laboratory and a scholarship at Hope Col-
lege  (Fig. 1). Following college, he went on to the School of 
Medicine at the University of Michigan, receiving his medi-

cal degree in 1957. Dr. Thompson was recruited to stay at 
the University first in 1957 as a trainee and then in 1962 as 
a faculty member. He spent his entire career in Ann Arbor, 
despite opportunities to take leadership positions elsewhere. 
He retired from active practice in 2002, becoming professor 
emeritus. An endowed professorship was established in his 
honor1.

When NWT joined the faculty in 1962, endocrine sur-
gery did not exist as a subspecialty of general surgery. Most 
hormones could not be easily measured in patients, and 
the imaging to identify tumors was rudimentary by current 
standards. His initial practice was broad, and his publica-

1 The author was the inaugural Norman W. Thompson professor of sur-
gery at the University of Michigan from 2002 to 2012.

Fig. 1  Norman and Marcia during NWT’s internship at the University 
of Michigan (ca. 1957)
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tions from his first decade of practice reflect his interests 
in general surgery, trauma, and vascular diseases. However, 
he was influenced by contact with faculty colleagues who 
were making important observations in patients with endo-
crine tumors, including Drs. Beierwaltes and Sisson (nuclear 
medicine/thyroidology), Nishiyama (pathology), Schtein-
gart (endocrinology/adrenal), and Vinik (endocrinology/
pancreas). These collaborations placed him at the center of a 
large group that made routine the precise measurement and 
interpretation of hormone levels, and developed the imaging 
tests needed to identify the tumors. As his experience and 
fascination with these tumors grew, his endocrine surgery 
practice squeezed out his other clinical and academic inter-
ests. He became devoted to the nascent field.

Clinical and Scientific Contributions

NWT made many of the initial observations that underpin 
the field of endocrine surgery as we now know it. He had a 
very broad endocrine surgery practice, a keen set of observa-
tional skills, and an uncanny memory for patient situations. 
He practiced the full spectrum of endocrine surgery, includ-
ing thyroid, parathyroid, pancreas, and adrenal tumors, as 
well as tumors of the diffuse neuroendocrine system. His 
position in Ann Arbor, where the first metaiodobenzylguani-
dine (MIBG) scans were performed, gave him a vast experi-
ence with pheochromocytoma, one of the areas to which he 
made many contributions [1]. He went on to describe novel 
presentation of pheochromocytomas, methods for periopera-
tive preparation, and operative techniques.

Similarly, he took his personal observations of a very rare 
disease (gastrinoma causing Zollinger–Ellison syndrome) 
and was among the first to determine the cause of the large 
proportion of patients with no apparent primary tumor. He 
identified that many patients had small primary tumors in 
the duodenal wall, often much smaller than the metastatic 
disease that was also often present in lymph nodes [2]. This 
observation explained many of the confusing concepts that 
investigators in this area struggled with at the time, such as 
whether gastrinoma could commonly be primary in lymph 
nodes. In related work, he developed a standard approach to 
the pancreatic tumors associated with the multiple endocrine 
neoplasia type 1 syndrome. This included a subtotal pancre-
atectomy and removal of the duodenal disease that he had 
described; this procedure became known as the Thompson 
operation [3].

Throughout his endocrine surgery career, NWT demon-
strated his skill as a careful and thoughtful surgeon most 
frequently by his management of thyroid and parathyroid 
disease. From his early contributions cataloguing the com-
plications of thyroidectomy, to later collaborations on the 
genetics of familial syndromes and molecular changes in 

thyroid cancer, NWT always stayed current and found ways 
to contribute [4, 5]. His intraoperative discussions are leg-
endary, as he was able to think aloud through complex situ-
ations, teaching as he went along. At the completion of his 
operations, he often made a colored pencil drawing of what 
he had found and done (Fig. 2).

Mentorship

One of the key contributions that NWT made to the field 
was through his mentorship of surgeons in Ann Arbor and 
around the world. He was a beloved teacher of surgery at the 
University of Michigan and helped to train over 265 chief 
residents in surgery. He had an endocrine surgery fellowship 
in Ann Arbor that was one of the first, and the very few, to 
devote dedicated training time to the field. The fellowship 
was tailored to meet the needs and opportunity of the trainee; 
it could range from 3 to 12 months, and was often funded by 
the trainee’s home institution. Many current leaders in endo-
crine surgery spent time in Ann Arbor with NWT in this way, 
including Janice Pasieka, Peter Angelos, Gary Talpos, John 
Kukora, and Jay Harness. NWT also spread his mentorship 
around the world. He has been a prolific speaker, serving as a 
visiting professor at 135 institutions, and delivering over 300 

Fig. 2  A colored pencil drawing by NWT of one of his MEN-1 opera-
tions. (Courtesy of Norman W. Thompson)
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other invited lectures. He has received numerous honorific 
titles and awards. His approachability and clarity of explana-
tion has endeared him to surgeons and to patients.

IAES and AAES

NWT was one of the founding members of both the Interna-
tional Association of Endocrine Surgeons (IAES), and the 
American Association of Endocrine Surgeons (AAES). Both 
of these groups can trace their lineage to the San Francisco 
Congress of the International Society of Surgery in Septem-
ber 1979 [6]. At that meeting, a group of international sur-
geons interested in endocrine surgery gathered, and deter-
mined that the time was right for a group dedicated to their 
interests. From that, the IAES was born, under the watchful 
eye of NWT as the inaugural council-coordinator, and subse-
quently the IAES president. During that same meeting in San 
Francisco, a smaller group of American surgeons had lunch, 
and decided that a similar group focused on North American-
based surgeons could make important contributions to the 
field. The first meeting was held in Ann Arbor in May of 
1980, and included a two-day scientific program, with local 
arrangements by NWT, who was also elected the first AAES 
president. As the AAES has grown, much of the credit goes 
to NWT, as he faithfully attended the sessions, learned the 
names and interests of junior surgeons from all over, and was 
always prepared with an opinion or comment for the papers. 
He helped to create the welcoming, collegial atmosphere that 
predominates at both the AAES and the IAES meetings. The 
major donors to the AAES Foundation are grouped as the 
Norman Thompson Fellows in his honor, to reflect the many 
contributions that he made to the group.

Family

NWT has remained in Ann Arbor for more than 50 years, 
with his wife Marcia (née Veldman), a fellow student at 
Hope College (Fig. 3). They have four children, all of whom 
attended Hope College: Robert (Hope 1979), Karen (Hope 
1983), Susan (Hope 1987), and Jennifer (Hope 1989). Travel 
with his family, often also including visits to members of his 
endocrine surgery “family,” was a frequent indulgence, but 
has been curtailed by recent health issues. The Thompsons’ 
generosity has helped to support Hope College, the Univer-
sity of Michigan, and the AAES, among many other worthy 
causes.

The legacy that NWT has created has influenced the lives 
of many; his patients, and the patients of all to whom he has 
given so much of himself. He has helped to create a vibrant 
field of endocrine surgery. He recognized it before it existed, 
he nurtured it in its infancy, and he shaped the future leaders 
of the field by both his direct contributions and his personal 
example. We each owe him our admiration and gratitude.
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Historical Overview

Multiple endocrine adenopathies were first documented as 
early as 1903. Over the next 50 years, multiple case reports 
involving varying associations of pituitary, parathyroid, and 
pancreatic islet tumors came to light, and in 1953 the term 
“multiple endocrine adenomas” (MEA) was born. In 1960, 
the Mayo Clinic documented a patient with bilateral pheo-
chromocytomas and thyroid cancer with amyloid stroma, 
later to be defined as medullary thyroid cancer (MTC). In 
1961, John Sipple was the first to report a 33-year-old man 
with bilateral pheochromocytomas, a follicular thyroid can-
cer, and an enlarged parathyroid on autopsy [1, 2]. Over the 
next decade, additional cases and familial clusters of MTC, 
pheochromocytomas, and hyperparathyroidism were identi-
fied and the term multiple endocrine neoplasia 2 (MEN 2) 
was coined since this pattern of endocrinopathies was dis-
tinct from multiple endocrine neoplasia 1 (MEN 1). Around 
the same time, a number of patients in the USA were noted to 
have MTC and pheochromocytomas, along with a number of 
distinct physical characteristics, among them mucosal neu-
romas and a marfanoid body habitus. Simultaneously, family 
clusters with the same constellation of endocrine tumors and 
physical features were found in Europe. In 1975, surgeons at 
the Mayo Clinic proposed that MEN 2 syndrome be reclassi-
fied as two distinct phenotypic patterns: MEN 2A and MEN 
2B.

MEN 2 has been reported in approximately 500–1000 
families worldwide, and the prevalence has been estimated 
at approximately 1:30,000–35,000 [3, 4]. These syndromes 
are relatively rare, but have high morbidity and mortality due 
primarily to the aggressive nature of MTC.

This chapter reviews the phenotypic manifestations of 
the MEN 2 syndrome subtypes, changes in the diagnoses 

and clinical management of the involved endocrine tumors 
(MTC, pheochromocytoma, hyperparathyroidism), geno-
typic and phenotypic correlations of the most common rear-
ranged during transfection (RET) proto-oncogene mutations, 
and current screening and treatment recommendations.

Phenotypic Manifestations of MEN 2

The phenotypic manifestations of MEN 2 present as a num-
ber of unique patterns of endocrine disease. MEN 2 syn-
dromes are divided into three subtypes: MEN 2A, MEN 
2B, and familial MTC (FMTC). MEN 2A is the most com-
mon, accounting for more than 80–90 % of all MEN 2 cases, 
while MEN 2B accounts for just 5 % of all cases. Familial 
MTC makes up the remaining cases of hereditary MTC [5]. 
Table 1 summarizes and compares the typical unifying and 
distinguishing clinical manifestations of the three MEN 2 
subtypes, including the proportion of patients who exhibit a 
certain feature.

MEN 2A

MEN 2A is also known as Sipple syndrome named after 
John Sipple, a pulmonary physician who first reported this 
endocrinopathy [1, 2]. This syndrome includes MTC, pheo-
chromocytoma, and primary hyperparathyroidism. MTC is 
the most common clinical presentation of MEN 2A, with 
nearly 100 % of patients affected. The average age of presen-
tation of a patient with sporadic MTC is in the sixth decade. 
In contrast, the average age of presentation for a patient with 
MEN 2A syndrome is 20–40 years, with some more aggres-
sive forms presenting by age 5 [6].

Less commonly, patients present with symptoms due to 
pheochromocytomas. Pheochromocytomas are present in 
approximately 50 % of patients with MEN 2A and cause var-
ious symptoms including palpitations, headaches, hyperten-
sion, and flushing. Hyperparathyroidism occurs in 15–30 % 
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of MEN 2A patients, with the peak incidence in the third or 
fourth decade. Multiglandular hyperplasia is the most com-
mon histologic finding, although single gland adenomas are 
present in some patients [4, 5, 7]. In addition, rare variants 
of MEN 2A exist, which include the above-listed endocrine 
tumors, along with either cutaneous lichen amyloidosis or 
Hirschsprung’s disease [8, 9].

MEN 2B

Like MEN 2A, MEN 2B patients have MTC and pheochro-
mocytomas, but they do not present with parathyroid disease. 
Instead, MEN 2B patients exhibit various unique physical 
features, most commonly mucosal neuromas and a marfan-
like physical constitution.

MTC in MEN 2B also manifests in nearly 100 % of pa-
tients. MTC develops earlier and more aggressively than in 
MEN 2A. Metastatic disease has been reported before age 
1, and death may occur in the second or third decade of life 
[4, 5]. Pheochromocytomas occur in more than half of MEN 
2B patients with similar presentations as in MEN 2A. There 
are no well-documented examples of parathyroid disease in 
MEN 2B patients.

The mucosal neuromas and marfanoid body habitus are 
the most distinctive features of MEN 2B and are recogniz-
able in childhood. Patients can have prominent lips and 
prognathic jaws (Fig. 1). The corneal nerves can also be 
quite enlarged. The marfanoid habitus combined with facial 
features is unique, and often unrelated affected individuals 
look strikingly similar. Neuromas are present on the tip of 
the tongue, buccal mucosa, under the eyelids, and through-
out the gastrointestinal (GI) tract. The most common presen-
tation in children relates to GI symptomatology, including 
intermittent colic, pseudo-obstruction, and diarrhea. Some 
children present with failure to thrive secondary to these per-
sistent GI symptoms [5, 10]. Almost 75 % of patients will 
have skeletal abnormalities that give them a marfanoid body 
habitus [11]. Mucosal neuromas or GI gangliomas are pres-
ent in nearly 100 % of MEN 2B patients [12]. Confirmation 

of these various clinical features can be made by biopsy of 
the mucosal neuromas, rectal biopsy, or slit-lamp examina-
tion for medullated corneal nerves [6].

FMTC

Once thought to be a distinct entity, first described by John 
Farndon, FMTC is now considered a common subvariant 
of MEN 2A, in which MTC is the only manifestation. The 
clinical diagnosis of FMTC is established by the presence 
of MTC in greater than four family members over multiple 
generations without any evidence of pheochromocytoma or 
hyperparathyroidism. The clinical course of MTC in FMTC 
patients is more benign than in MEN2A and MEN2B, with 
a late onset or no clinical manifestation of disease. Thus, the 
overall prognosis is relatively good and better than the other 
MEN 2 subtypes [8, 9].

Since the penetrance of pheochromocytoma is 50 % in 
MEN 2A, it is possible that MEN 2A could masquerade as 
FMTC in small kindreds. It is important to consider this, be-
cause failure to recognize this scenario could lead to serious 
morbidity and mortality from an undiagnosed pheochromo-
cytoma in an affected family member [4, 5].

Medullary Thyroid Cancer
Up to 75 % of all MTCs are thought to be sporadic; the rest 
are hereditary in the form of MEN 2 syndromes [5]. MTC 
is present in nearly all patients with MEN 2A and MEN 2B 
and is often the first presenting disease of the syndrome. The 
calcitonin-producing cells (C-cells) of the thyroid, which are 
derived from the neural crest, are considered to be the pre-
cursor cells from which MTC arises. This tumor usually de-
velops in childhood, beginning as hyperplasia of the C-cells 
[5]. The C-cells secrete calcitonin and carcinoembryonic an-
tigen (CEA), which serve as tumor markers for the disease. 
While sporadic MTC can present as a solitary nodule, he-
reditary MTC tends to be multicentric. The disease spreads 
regionally from central to lateral neck lymph nodes and then 
to the liver, lung, bone, and brain [8].

Table 1  Phenotypic manifestations of the MEN 2 subtypes
Typical manifestations MEN 2 subtypes

MEN 2A 
(%)

MEN 2B 
(%)

FMTC 
(%)

Medullary thyroid cancer 100 100 95–100
Pheochromocytoma 50 50 –
Primary hyperparathyroidism 15–30 – –
Gangliotomosis of GI tract – 100 –
Mucosal neuromas – 100 –
Marfanoid habitus – 75 –

MEN multiple endocrine neoplasia, FMTC familial medullary thyroid 
carcinoma, GI gastrointestinal

Fig. 1  Some distinct physical characteristics of MEN 2B patients. a 
MEN 2B patient with typical thin, marfanoid habitus, prognathic jaws, 
and prominent lips. b Mucosal neuromas are often found on the lips and 
tongue. (Courtesy of Quan-Yang Duh, UCSF, Department of Surgery)
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Initially, biochemical testing with basal and stimulated 
levels of calcitonin was used as the primary screening meth-
od for diagnosis of hereditary MTC. Secretion of calcitonin 
can be stimulated 3–20-fold with intravenous (IV) pentagas-
trin, calcium, or both [7]. The effectiveness of pentagastrin-
stimulated calcitonin screening increases progressively with 
age, though, unfortunately, lacks sensitivity where it is need-
ed most—in young children. Thus, its use as screening for 
MEN 2 syndrome in children before the age of 5 has its limi-
tations [4, 6]. More recently, advances in genetic analysis of 
the RET oncogene mutations has led to direct DNA analysis 
becoming the primary screening method for MTC. Calcito-
nin screening is still used by some to determine the timing 
of prophylactic thyroidectomy for patients with certain RET 
mutations [8]. After surgical resection, plasma calcitonin and 
CEA levels are used to monitor disease progression. Normal-
ization of these tumor markers has a favorable prognosis, 
whereas progressive increases in calcitonin or CEA indicate 
persistent or recurrent disease [8, 9, 13]. Calcitonin and CEA 
tend to rise together, but in some cases of recurrent disease, 
calcitonin will no longer be elevated, while CEA levels are. 
This is considered a sign of tumor dedifferentiation [4, 8].

Due to the poor prognosis of advanced stage MTC, early 
prophylactic surgery is recommended before the disease is 
clinically evident or becomes regionally advanced. For pa-
tients with MEN 2A and FMTC under the age of 5 with no 
clinically evident lymph nodes, prophylactic total thyroidec-
tomy alone is the recommended operation. For both node-
negative MEN 2A and FMTC patients older than 8 years and 
all MEN 2B patients, prophylactic total thyroidectomy with 
central neck (level VI) dissection is indicated. In newly diag-
nosed adult MEN 2 patients with MTC, total thyroidectomy 
should be performed with node dissection based on extent 
of disease. In patients with no evidence of local invasion or 
local cervical metastases, total thyroidectomy and prophy-
lactic central neck lymph node dissection is advocated. In 
patients with limited locally advanced disease, lateral neck 
dissection is also supported [4]. Recommendations for tim-
ing of surgical resection based on genotype are discussed 
later in the chapter.

Pheochromocytoma

Pheochromocytomas are present in about 50 % of both MEN 
2A and MEN 2B patients. The characteristics of the tumors 
and clinical manifestations are similar in the two subvari-
ants. Pheochromocytomas arise in the adrenal medulla from 
neural crest-derived chromaffin cells which primarily secrete 
the catecholamines epinephrine and norepinephrine. Tumors 
tend to be benign with metastasis being uncommon. Tumors 
are commonly bilateral. If they do not present simultane-
ously, more than 50 % of patients who have had unilateral 

adrenalectomy later develop a pheochromocytoma in the 
contralateral gland within a decade. A distinguishing feature 
from hereditary paraganglioma syndromes is that the pheo-
chromocytomas in MEN 2 are almost always found within 
the adrenal gland, not as extra-adrenal tumors [4, 5, 7]. Clin-
ical presentation is similar to sporadic forms with patients 
having symptoms from catecholamine excess such as head-
aches, palpitations, hypertension, tachycardia, and flushing.

Screening for pheochromocytoma involves measuring 
plasma or 24-h urinary levels of metanephrines and normeta-
nephrines. If the biochemical diagnosis is confirmed, the pa-
tient should get imaging to localize the tumor with either 
computed tomography (CT) or magnetic resonance imaging 
(MRI) [4]. Further localization and staging for metastatic 
disease is performed with radiolabeled metaiodobenzylgua-
nidine (MIBG) scintigraphy and positron emission tomog-
raphy (PET) with different radiotracers such as fluorine-
18-dopamine ([18F]DA), fluorine-18-dihydroxyphenylala-
nine ([18F]DOPA) or fluorine-18-fluorodeoxyglucose ([18F]
FDG). MIBG scans have historically been the most wide-
spread functional imaging technique used for localization of 
pheochromocytomas and paragangliomas with high sensi-
tivity and specificity [14, 15]. However, recent studies have 
shown that MIBG has lower sensitivity for certain conditions 
such as familial pheochromocytoma and paraganglioma syn-
dromes and malignant disease. Increasing evidence suggests 
that fluorine dopamine (FDA)-PET, fluorodeoxyglucose 
(FDG)-PET, and dihydroxyphenylalanine (DOPA)-PET are 
superior localization studies for pheochromocytoma and are 
helpful in the above scenarios when MIBG fails to demon-
strate disease, though suspicion for disease is high (Fig. 2). 
MIBG is still the most widely used functional imaging tech-
nique and has the added advantage of selecting for patients 
with metastatic disease who are suitable for MIBG nuclear 
therapy [14, 15].

Because of the possible coexistence of pheochromocy-
toma, it is essential to screen for these tumors before thy-
roidectomy for MTC. There is significant morbidity and 
mortality from an undiagnosed pheochromocytoma. Before 
the association of pheochromocytomas and MTC in MEN 2 
was recognized, many patients died from a hypertensive cri-
sis during or after thyroidectomy secondary to unrecognized 
disease [1]. In fact, before advances in screening, pheochro-
mocytoma, not MTC, was the leading cause of death in MEN 
2A patients. If a patient has both a pheochromocytoma and 
MTC, adrenalectomy should be performed first to avoid an 
intraoperative adrenal crisis during thyroidectomy [4].

After appropriate preoperative preparation of the patient 
with alpha blockade, adrenalectomy should be performed. 
Patients who have unilateral pheochromocytoma on a lo-
calizing study should have a unilateral laparoscopic adre-
nalectomy. However, patients with bilateral adrenal tumors 
should have bilateral laparoscopic adrenalectomy. If tech-
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nically feasible, a cortical-sparing adrenalectomy may be 
considered to avoid long-term steroid dependence and to 
reduce the risk of an Addisonian crisis, given that the risk of 
recurrence is relatively low [17–19]. Laparoscopic adrenal-
ectomy can be performed via either the transabdominal or 
retroperitoneal approach. For a number of reasons, the ret-
roperitoneal approach is increasingly being preferred. Both 
approaches have similar clinical outcomes and low rates of 
perioperative complications [20, 21]. The retroperitoneal 
approach has additional benefits of not contributing to in-
trabdominal adhesion formation and eliminating the need 
for repositioning when performing bilateral adrenalectomy  
[20, 21].

Primary Hyperparathyroidism

Primary hyperparathyroidism occurs in 15–30 % of patients 
with MEN 2A, with the peak incidence in the third or fourth 
decade. It is most often clinically occult with more than 
85 % of patients being asymptomatic. Rarely is primary hy-
perparathyroidism the first manifestation of the syndrome. 
When present, hypercalcemia is usually mild [8]. Multiglan-
dular hyperplasia is the most common histologic finding, 
though adenomas are present in some patients.

Diagnosis is established by the presence of hypercalce-
mia, hypophosphatemia, hypercalciuria, and high serum 
parathyroid hormone (intact parathyroid hormone, iPTH) [4, 
5, 7]. Serum ionized or albumin-corrected calcium and para-
thyroid hormone levels are used to screen for asymptomatic 
hyperparathyroidism [4].

Surgical resection is the recommended treatment for pri-
mary hyperparathyroidism in MEN 2A. Since four-gland 

hyperplasia is the more common presentation, treatment is 
with three-and-a-half-gland excision, or four-gland excision 
with autotransplantation in the forearm. Autotransplantation 
in the arm is preferred due to increased morbidity and risk 
of permanent hypoparathyroidism associated with reopera-
tive neck surgery in these patients [4, 5]. When only a single 
abnormal gland is found, a more focused approach utilizing 
intraoperative parathyroid hormone (PTH) can be done. If 
hyperparathyroidism is diagnosed at the same time as MTC, 
parathyroidectomy is performed with thyroidectomy, reduc-
ing risks and challenges of reoperative neck surgery later in 
life.

Genotypic Manifestations of MEN 2

In 1987, it was discovered that MEN 2 syndromes are 
caused by germ-line mutations in the RET proto-oncogene 
[9]. When RET was initially identified as the susceptibility 
gene for MEN 2, it was the first time that a proto-oncogene 
was implicated in the etiology of an inherited cancer syn-
drome. This discovery has led to major advances in the un-
derstanding, screening, and clinical management of MEN 2 
syndromes [6].

In June 1994, the International RET Mutation Consor-
tium first convened and pooled together the worldwide RET 
mutation data for joint genotype–phenotype analysis. Eigh-
teen centers from across North America, Europe, Australia, 
and Asia submitted data from 477 MEN 2 families. More 
than 98 % of the MEN 2A families, 95 % of the MEN 2B 
families, and 85 % of the FMTC families had germ-line RET 
mutations, thus confirming a clear relationship between the 
RET gene and MEN 2 syndromes [13].

Fig. 2  Comparison of detection 
of metastatic pheochromocy-
toma by various nuclear imaging 
techniques. Nuclear imaging 
studies of a 55-year-old male 
with metastatic pheochromo-
cytoma who tested negative for 
succinate dehydrogenase B, C, 
and D mutations. His primary 
tumor was located in the blad-
der and was initially resected 
in 2005. In 2009, he presented 
with metastatic disease. His 131 
I-MIBG SPECT was negative 
(a), but his other nuclear imaging 
studies show metastatic disease: 
[18F]-FDA PET (b), [18F]-FDOPA 
PET (c), and especially [18F]-
FDG PET/CT (d). (From [16]. 
Reprinted with permission from 
Bioscientifica, Ltd)
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The RET proto-oncogene, located on chromosome 
10q11.2, encodes a receptor tyrosine kinase expressed in 
tissues and tumors derived from the neural crest, including 
C-cells of the thyroid and chromaffin cells in the adrenal me-
dulla [9]. The most common mutated codons are 609, 611, 
618, 620, 630, 634, 768, 790, 791, 804, 883, 891, and 918. 
These codons are encoded by exons 10–16 [13]. Mutations in 
cysteine residues in the RET extracellular domain are primar-
ily associated with MEN 2A, and sometimes FMTC, and in-
volve codons 609, 611, 618, 620, 630, and 634 [22]. Approxi-
mately, 80–90 % of patients with MEN 2A have a mutation 
in codon 634, which causes a more aggressive form of MTC. 
RET intracellular kinase domain mutations are mainly asso-
ciated with FMTC and MEN 2B. Mutations in the intracel-
lular codons 768, 790, 791, 804, and 891 correlate to FMTC, 
and occur less commonly in patients with MEN 2A. Specific 
mutations of codon 918 or 883 are exclusive to MEN 2B and 
account for the vast majority of cases [8, 9, 22] (Fig. 3).

MEN 2 syndromes are inherited in an autosomal dominant 
fashion. Before DNA-based testing, MEN 2 was diagnosed 
either when an individual presented with the signs and 

symptoms of the syndrome or through annual biochemical 
screening of all unaffected first-degree relatives of known 
MEN 2 patients for MTC, pheochromocytoma, and primary 
hyperparathyroidism. The knowledge of transmission of mu-
tated RET proto-oncogenes has allowed molecular diagnosis 
and presymptomatic DNA-based testing to become possible. 
RET testing is the clinical standard of care for MEN 2 in the 
USA and worldwide.

DNA-based testing has distinct advantages, such as not 
having age-dependent sensitivity, being useful as a diagnos-
tic test to confirm a clinical diagnosis of MEN 2, and, most 
importantly, being used as a predictive test for asymptomatic 
clinically at-risk individuals [4, 6]. Predictive testing for RET 
mutations in MEN 2 kindreds is performed using polymerase 
chain reaction-based protocols. Barring administrative errors, 
DNA-based predictive testing is nearly 100 % accurate [6].

Genotypic Phenotype Correlations and 
Screening

In addition to correlations between RET codon mutations and 
disease subtype, clear associations have been found between 
specific RET genotypes and the aggressiveness and age of 
onset of MTC and presence of other endocrine neoplasms 
such as pheochromocytoma or primary hyperparathyroidism 
[9]. For example, patients with codon 634 mutations are at 
significantly higher risk for development of primary hyper-
parathyroidism and pheochromocytoma [8, 9, 22]. All cases 
of MEN 2A/Hirschsprung’s disease are associated with mu-
tations on exon 10 (codons 609, 611, 618, 620) [9]. Over 
95 % of MEN 2B cases are associated with the same methio-
nine to threonine change at codon 918 (M918 T) in the RET 
extracellular kinase domain [22]. A second point mutation at 
codon 883, A883 F, has been identified in several MEN 2B 
patients without a M918 T mutation. MTC in patients with 
A883 F mutation is less aggressive than those MEN 2B pa-
tients with the M918 T mutation [8, 9, 22].

These genotypic–phenotypic correlations between genes, 
age of onset of MTC, and associated endocrine tumors have 
been used to determine age of prophylactic thyroidectomy for 
MTC and screening guidelines for pheochromocytoma and 
hyperparathyroidism. One of the most widely used guidelines 
for management of MEN 2 syndromes was developed by the 
American Thyroid Association (ATA) and divides risk levels 
from A to D, with A being the least aggressive and D the most 
aggressive and conferring the highest risk of mortality. Patients 
with level A risk, which mainly consists of FMTC patients, 
have the lowest risk of early aggressive MTC; level B risk cor-
relates to MEN 2A and FMTC patients who have intermedi-
ate risk; level C risk patients are those MEN 2A patients with 
codon 634 mutations that have higher risk of early aggressive 
MTC; and level D risk patients are MEN 2B patients with the 
highest risk of development of early, fast-growing MTC [4, 9].

Fig. 3  Schematic diagram depicting RET tyrosine kinase receptor do-
mains and the location of recurrent oncogenic mutations. The RET pro-
tein has a large extracellular domain containing a cysteine-rich region 
and a series of cadherin homology domains, a transmembrane domain, 
and an intracellular tyrosine kinase domain. The positions of the most 
common mutations found in patients with multiple endocrine neopla-
sia type 2 are depicted. (From [22]. Reprinted with permission from 
CLINICS)
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Based on these guidelines, MEN 2 patients with the low-
est risk, ATA risk level A, should have prophylactic thyroid-
ectomy between ages 5 and 10. With diligent screening for 
MTC using calcitonin and neck ultrasounds, this surgery can 
be delayed beyond this age window. On the other hand, pa-
tients with the highest risk, MEN 2B patients with ATA D 
risk level, should undergo prophylactic thyroidectomy be-
fore age 1 and often in the first months of life before there is 
clinical evidence of disease [4, 9]. The four ATA risk levels, 
associated MEN 2 subtypes and codons, and recommended 
treatment time line for prophylactic total thyroidectomy are 
summarized in Table 2.

In addition to risk stratification for prophylactic surgery, 
the ATA guidelines confer screening recommendations for 
the associated endocrine tumors. FMTC risk level A patients 
should undergo periodic screening for pheochromocytoma 
and hyperparathyroidism at age 20. MEN 2A and FMTC 
patients in risk level B should start at age 20 with annual 
screening for pheochromocytoma and periodic screening for 
hyperparathyroidism. For more aggressive forms of MEN 2A 
and for MEN 2B, the age to begin screening drops to child-
hood. MEN 2A with codon 634 mutations fall into ATA risk 
level C and require annual screening for pheochromocytoma 
and hyperparathyroidism starting at age 8. ATA risk level D 
patients with MEN 2B require annual screening for pheo-
chromocytoma starting at 8 years of age [4, 9]. The ATA risk 
levels, associated MEN 2 subtypes and codons, and recom-
mended treatment screening time line for pheochromocytoma 
and primary hyperparathyroidism are summarized in Table 3.

These recommendations are for management of at-risk 
individuals with MEN 2 syndrome who test positive for the 
RET proto-oncogene and specific codon mutations. The cur-
rent practice for a patient without known family history of 
a MEN 2 syndrome that is diagnosed with MTC is to un-
dergo genetic screening for RET mutations to determine if 
they have sporadic or hereditary MTC. If positive for a RET 
mutation, they should undergo biochemical screening for 
pheochromocytoma and primary hyperparathyroidism, par-
ticularly the former to determine if adrenalectomy should be 
performed before thyroidectomy [4].

Summary

Much has changed in our understanding of MEN 2 since 
the index case of Sipple’s syndrome in 1961. Today, when 
we discuss MEN 2 syndromes, we refer to three distinct 
disease patterns known as MEN 2A, MEN 2B, and FMTC. 
The discovery that these disorders are transmitted via spe-
cific mutations in the RET proto-oncogene has changed both 
our understanding of MEN 2 syndromes’ variable disease 
penetrance and our clinical approach to diagnosis, screen-
ing, and management of at-risk individuals. The endocrine 
surgery community has used these unique genotypic–pheno-
typic correlations to create management guidelines that have 
led us to aggressively screen and treat at-risk individuals at 
a preclinical disease state, before the morbidity and mortal-
ity from MTC can adversely affect these patients. Increased 
understanding of the RET proto-oncogene codon mutations 
will allow us to continue to gain more insight into these en-
docrine syndromes and further decrease the morbidity these 
diseases can cause to affected individuals and their families.

Key Summary Points

• Over the past half century, the definition of MEN 2 has 
changed from one syndrome unique from MEN 1 to 
three distinct MEN 2 subtypes: MEN 2A, MEN 2B, and 
FMTC.

• Increased understanding of the RET proto-oncogene’s 
common codon mutations and their direct correlation to 

Table 2  Timing for prophylactic thyroidectomy by American Thyroid 
Association (ATA) risk levels
ATA
risk level

MEN 2 
subtype

Associated codons Treatment 
time linea

A FMTC 768, 790, 791, 804, 891 Age 5–10b

B MEN 2A, 
FMTC

609, 611, 618, 620, 630 Age 5

C MEN 2A 634 Before age 5
D MEN 2B 918, 883 Before age 1

FMTC familial medullary thyroid carcinoma, MEN multiple endocrine 
neoplasia
a ATA-recommended time line for performing prophylactic thyroidec-
tomy
b Surgery for risk level A cases can be delayed when patient exhibits 
normal calcitonin, neck ultrasound

Table 3  MEN 2 screening recommendations by ATA risk levels
ATA
risk level

MEN 2 subtype Associated codons Screening for 
pheochromocytoma

Screening for primary 
hyperparthyroidism

A FMTC 768, 790, 791, 804, 891 Start age 20, periodically Start age 20, periodically
B MEN 2A, FMTC 609, 611, 618, 620, 630 Start age 20, annually Start age 20, periodically
C MEN 2A 634 Start age 8, annually Start age 8, annually
D MEN 2B 918, 883 Start age 8, annually n/a

MEN multiple endocrine neoplasia, FMTC familial medullary thyroid carcinoma, ATA American Thyroid Association
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specific MEN 2 phenotypes has changed the clinical man-
agement and screening of this disease.
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 Introduction

Multiple endocrine neoplasia type 2A (Sipple syndrome) 
was first described by John H. Sipple in 1961 [1]. It may be 
surprising to some that he was not an endocrinologist, pa-
thologist, or surgeon, but a pulmonologist. He encountered 
the index patient as a third-year medical resident, established 
an association between thyroid cancer and pheochromocyto-
ma through meticulous research into the literature, and pub-
lished a case report identifying a syndrome named after him.

Childhood

John Harrison Sipple was born on July 1, 1930, in Cleve-
land, OH, and grew up in Lakewood, a suburb of Cleveland. 
His grandparents immigrated to the USA from Germany. His 
father John was a banker and lawyer, and his mother Marie 
was a homemaker. He had an older brother Richard. Sipple 
attended Lakewood High School, graduating as class vale-
dictorian. In high school, he sustained a football injury and 
was treated with a full-body cast for 6 weeks. This experi-
ence as a patient sparked his interest in medicine as a career. 
He applied and was accepted to Northwestern, Colgate, and 
Cornell Universities. He chose to attend Cornell because he 
was offered a full scholarship for 4 years.

Education, Training, and Professional Career

At Cornell University, Sipple was a zoology major, and par-
ticipated in football, lacrosse, and the men’s Glee club. At 
the time, it was possible at Cornell to combine the last year 
of college and the first year of medical school, thereby ob-
taining both Bachelor’s and M.D. degrees in 7 years. This 
allowed Sipple to have his first year of medical school sup-
ported by his undergraduate scholarship, and he therefore 
decided to continue his studies at Cornell University Medi-
cal College.

During medical school, Sipple was especially interested 
in internal medicine. The required diagnostic acumen was 
particularly appealing. He cites Dr. David P. Barr (1897–
1977), professor and chairman of the Department of Medi-
cine at The New York Hospital–Cornell Medical Center as a 
role model. He vividly recalled being impressed by an inter-
esting patient brought in for demonstration to the class by Dr. 
Barr. This patient had thyrotoxicosis with classical findings 
of Graves’ disease. He matched into a rotating internship at 
the State University of New York Medical Center (SUNY) 
in Syracuse in 1955. He was very pleased with his internship 
and the Department of Medicine at Syracuse and so opted to 
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take his residency in internal medicine in Syracuse, complet-
ing it in 1959 (Fig. 1). Sipple recalls, “The residency was 
excellent. It stressed learning, responsibility, teaching, and 
research in the teaching hospital, community hospitals, and a 
veterans’ hospital. We were on call every other night early on 
and maybe one of five by the third year. The main emphasis 
was on being competent as a diagnostician and consultant in 
internal medicine but also developing skills (clinical and re-
search) in a subspecialty was encouraged.” His experiences 
during residency profoundly influenced his professional life: 
(1) though he was interested in all the subspecialties, he was 
presented with opportunities to work in the pulmonary labo-
ratory in his spare time and he worked well with the pulmo-
nologists; (2) he met the two men who would become his fu-
ture partners; and (3) it was during his third year in residency 
that he encountered and decided to describe the patient in a 
manuscript entitled “The Association of Pheochromocytoma 
with Carcinoma of the Thyroid Gland” [1].

Having deferred his military obligation during medical 
school and residency, Sipple served in the US Air Force 
from 1959 to 1961 as chief of medicine at the 2845th USAF 
Hospital at Griffiss AFB in Rome, New York. This was be-
tween the Korean and Vietnam wars. At the conclusion of 
his military service, he accepted a 2-year National Institutes 
of Health (NIH)-sponsored pulmonary fellowship at Johns 
Hopkins Hospital, under Dr. Richard L. Riley (1911–2001), 
the prominent pulmonary physiologist and leader in pulmo-
nary medicine. He was highly productive as a resident and 
fellow, publishing six papers on respiratory physiology and 
pulmonary topics. One year into the fellowship, he was of-
fered a position as a pulmonary specialist by the two cardi-
ologists that he had met as a resident in Syracuse, and whom 
he greatly respected. Faced with this choice, Sipple felt that 
he would derive greater satisfaction from practicing clini-
cal medicine rather than continuing to perform research. He 
therefore joined the physician group Internist Associates of 

Central New York and began practicing internal medicine in 
1962. In addition to establishing a thriving practice, he be-
came a prominent member of the medical community in Syr-
acuse. He developed an interest in the electronic medical re-
cord in the 1980s and designed his own system for the office. 
He held a number of important administrative and committee 
positions at Crouse Irving Memorial Hospital as well as at 
the University Hospital. He was active in the medical school. 
He was attending physician for one of the medical teams and 
made teaching and work rounds with the team 3 months each 
year. In addition, he made intensive care unit (ICU) pulmo-
nary rounds with house staff, students, and respiratory thera-
pists throughout the year. He also taught physical diagnosis 
to medical students yearly. He rose up the ladder of appoint-
ments and became a full clinical professor of medicine in 
1977 at SUNY Syracuse. He was active in the Upstate New 
York Region of the American College of Physicians, serv-
ing as governor from 1989 to 1993. He became president of 
his practice group Internist Associates of Central New York 
from 1995 until his retirement in 2000 at age 70.

Family

Sipple married in 1955, the year he graduated from medical 
school. He met his wife Joy in Ohio, having attended the 
same high school though he graduated several years before 
her. She attended Kent State University, and majored in lib-
eral arts (Fig. 2). She is an artist and avid gardener. Sipple 
states, “We have a great marriage. We work together to have 
a warm home environment and she took much of the respon-
sibility for our home and children.” They had six children, 
four boys and two girls and 18 grandchildren. One son, Mi-
chael Sipple, followed in his father’s footsteps and became a 
practicing gastroenterologist in Syracuse, New York.

Description of Sipple Syndrome

In 1959, during his last year in residency, Sipple was con-
sulted on a patient who was hypertensive after neurosurgery 
for an arteriovenous malformation (AVM) of the brain. The 
patient was a 33-year-old man, from a community near Syra-
cuse, and had a wife and several young children. He present-
ed to the Syracuse Veterans Administration Hospital after an 
onset of a severe headache, nausea, and vomiting, followed 
by left-sided weakness and lethargy. A lumbar puncture re-
vealed bloody spinal fluid and elevated pressure. A large 
AVM was seen on a right carotid angiogram. A craniotomy 
was done to evacuate the hematoma. Postoperatively he de-
veloped fever, restlessness, and fluctuating blood pressure, 
as high as 240/120. Seventeen days later, he underwent a 
second craniotomy to relieve elevated intracranial pressure, 

Fig. 1  John H. Sipple, M.D. in 1956, SUNY Syracuse
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another hematoma was evacuated, but the patient died 3 h 
later. A family history could not be obtained at the time of 
his hospitalization. Subsequently, a detailed family pedigree 
was obtained [2].

Sipple became intensely interested in this case after ob-
serving the striking findings at the patient’s autopsy. He 
states, “As I stood at the autopsy table, I knew I was look-
ing at something special although I did not understand it. I 
doubted very much that it was a chance occurrence.” [2] The 
patient was found to have large adrenal tumors bilaterally, a 
2-cm “pale tan mass” in the mid-portion of each thyroid lobe, 
and nodular enlargement of the single parathyroid gland 
measuring 0.9 by 0.6 cm was identified. The adrenal glands 
weighed 58 and 68 g and were diagnosed as pheochromocy-
toma by histology. Furthermore, Myron Brin, a biochemist 
at Syracuse, was able to measure elevated tissue epineph-
rine and norepinephrine levels from the adrenal tumors. The 
thyroid tumors were noted to be poorly differentiated and 
invasive, and diagnosed as follicular adenocarcinoma of the 
thyroid on the pathology report. Medullary carcinoma of the 
thyroid gland (MTC) was just described in 1959 by Hazard, 
Hawk, and Crile [3] from the Cleveland Clinic, and therefore 
the patient’s thyroid cancer was not recognized as such at the 

time. Subsequent pathologic analysis by Schimke confirmed 
the tumor from this patient to be medullary carcinoma [4] 
and Carney showed that it stained positive for calcitonin [5]. 
There were no serum calcium or phosphorus levels ordered. 
Since Sipple could not find any existing literature showing 
association of thyroid, adrenal, and parathyroid tumors, he 
decided that this case deserved investigation and description.

Sipple began his research into this case during residency, 
finishing and publishing the paper in 1961 during his Air 
Force service. His methodology consisted of looking up all 
the published cases of pheochromocytoma, specifically look-
ing for additional cases with concomitant thyroid carcinomas. 
After reviewing 20 years of Index Medicus, he found 537 
cases of pheochromocytoma and of those, five (in addition 
to his case) were associated with thyroid carcinomas. Sipple 
noted that the occurrence of thyroid cancer in this series of 
patients with pheochromocytomas was at least 14 times the 
expected incidence, whereas the incidence of other cancers 
was not increased. He hypothesized that the thyroid cancer 
may have been caused by fluctuating levels of epinephrine. 
Among the cases he reported, the earliest dated back to 1932. 
Four of the six cases had bilateral pheochromocytomas con-
firmed at autopsy, the average age of presentation in this se-
ries was 34.5 years (range 17–63), the average age at death 
was 39.2 years (range 24–63). He wrote up his observations 
and research as the only author, and the three-page case re-
port was accepted for publication without revisions to the 
American Journal of Medicine (AKA the Green Journal) in 
1961 [1]. Sipple noted that he received many reprint requests 
for this article, indicating that there was a high level of inter-
est from the medical community. In 1962, Cushman from 
Rochester, New York, reported a family in which the father 
had pheochromocytoma, MCT, and parathyroid adenoma, 
the son had pheochromocytoma and MCT, and the grand-
daughter had MCT, and it became apparent this syndrome 
was genetically inherited in an autosomal dominant fashion 
[6]. Other cases were reported [7], and the combination of 
pheochromocytoma and thyroid cancer became known as 
Sipple syndrome [5]. After the MEN2A mutation was identi-
fied in 1993 [8], the proband’s family was studied [9], and 7 
of 15 members who underwent genetic testing were found to 
have the C634R mutation of RET. It was proposed that the 
proband’s mother had the disease, since she died at age 39 of 
unknown causes and was thought to have hypertension. Fur-
ther research by Carney into the cases described by Sipple 
found that one patient had a sister who died at age 28 with 
a “rare disorder of the sympathetic system” and a thyroid-
ectomy. No other patient had parathyroid disease described. 
Carney also identified that another of the patients included 
by Sipple likely had MEN 2B, having ganglioneuromatosis 
of the gut and enlarged lips [5]. In 1968, the term “multiple 
endocrine neoplasia” (MEN) was introduced by Steiner et al. 
to describe diseases with multiple endocrine tumors, and 
Sipple syndrome was designated as MEN 2. In 1974, Size-

Fig. 2  John H. Sipple M.D. in 1988, at his 50th high school reunion, 
with his wife Joy
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more et al. further classified Sipple syndrome as MEN 2A, 
recognizing its distinction from MEN 2B [5]. Dr. Sipple kept 
up with work on this disease for many years, corresponding 
with Barry D. Nelkin, Ph.D. of Johns Hopkins, and Carl D. 
Malchoff, M.D. of the University of Connecticut over vari-
ous projects. At the First International Workshop on MEN 2 
in Ontario, Dr. Sipple gave a historical perspective [2] on his 
discovery of the syndrome and stated that “this workshop on 
MEN-2 illustrates that observations in one case can lead to 
the contributions of many workers in the field.”

It is interesting to note that subsequent reports have dem-
onstrated Sipple syndrome to be present in patients described 
earlier in the literature, though not recognized as a syndrome. 
Neumann et al. [10] reported that the first case of pheochro-
mocytoma described in the literature in 1886 by Frankel had 
MEN 2A. The authors hypothesized that since the patient was 
young (18 years old) and had bilateral disease, she had an 
inherited condition. The relatives of the patient were traced 
through historical research, and the germ-line RET mutation 
TGC > TGG (Cys634Trp) was found in four descendants. 
Sisson et al. [11] reported that investigation of the subsequent 
medical and family history of a proband who was initially 
reported in 1939 for a hyperfunctioning parathyroid adenoma 
revealed MEN 2A. The patient was reported by Barker and 
Brines [12] as an 18-year-old with osteitis fibrosa cystica 
who had a parathyroid tumor excised. Further investigation 
revealed that she underwent a thyroidectomy for probable 
MTC at age 29 and subsequently died of “progressive can-
cer” at age 70. Her children developed MTC, pheochromo-
cytomas, and parathyroid hyperplasia. Genetic testing of her 
descendants revealed the RET 634 TGC > CGC mutation.

This biography of Sipple shows that a young physician’s 
keen sense of observation and curiosity combined with per-
sistence in researching the literature resulted in identifying 
a previously unrecognized syndrome. It also illustrates the 
rapid medical progress over a single physician’s four-decade 
career; from the description of an interesting case, to defini-
tion of the syndrome and its pathology, to the identification 
of calcitonin as a tumor marker for MTC, to identification of 
the genetic mutations in MEN 2A. With the ability to diag-
nose affected patients before cancer develops and with the 
use of prophylactic surgery, the lives of MEN 2A patients are 
improved and extended as a result of this progress.

Quotations

Sipple’s inquisitiveness paid off.
(J. Aidan Carney, pathologist of Carney’s syndrome)

Eponyms are flattering, sometimes embarrassing, and certainly 
not descriptive…. The paper I wrote in 1959 was my only ven-
ture into endocrinology…. So much outstanding work has been 
done by so many investigators in this field, and my contribution 

was so minimal, that remembering the name MEN-2 is more 
meaningful to a medical student than remembering an eponym.
(John H. Sipple)

Reflections

How do you feel about having a syndrome named after you?
I got a lot of mileage out of a little case report. I don’t 

think any of my grandchildren would consider me famous 
for a case report. I don’t build it up. At the medical school, 
they were sure to teach about Sipple syndrome, and point me 
out as an example of “local man makes good”.

How would you like to be remembered?
As somebody who was interested in seeing what they 

could do with their life, plugged along, had some breaks, and 
had a lot of fun.
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