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 INTRODUCTION

Hyperparathyroidism is a condition in which 

there is an abnormal increase in the levels of parathyroid 

hormone (PTH), responsible for regulating the level of 

blood calcium and phosphate. The most common cause 

of hyperparathyroidism, seen in about 80% of cases, is 

the primary gland dysfunction due to an adenoma. Mul-

tiple adenomas or hyperplasia of the parathyroid glands 

are diagnosed in the remaining patients. Rarely the cause 

of hyperparathyroidism is a result of a parathyroid carci-

noma. It is a disease for which therapy may be surgical, 

which involves the removal of the affected gland. When 

surgery is indicated in patients without prior treatment, 

the cure rate approaches 95%1. In cases where the ini-

tial operation is not successful, new surgical explora-

tions become necessary, greatly increasing the number 

of complications and decreasing success rates to about 

80%2. Therefore, regardless of the hyperparathyroidism 

origin, the surgeon who will treat these patients must 

indisputably have skill, experience and technical knowl-

edge to obtain satisfactory results. Currently, advances 

in the identification of the glands through preoperatively 

performed diagnostic tests greatly facilitated parathyroid 

glands surgery. Frozen section biopsies3, intraoperative 

measurement of PTH levels4 and less invasive procedures5 

allow great improvement in patients’ quality of life6. 

However, the identification of the parathyroid glands, the 

recognition of their important role and the understanding 

of diseases that affect them traveled a long journey to the 

present state of knowledge. Since inception, the history 

of the parathyroid glands is full of incidental findings, of-

ten the case in medical history.

The aim of this study is to provide the reader 

with a historical review of the discoveries fundamental 

to the understanding of the parathyroid glands and to 

discuss the current role and future prospects of surgery 

for the treatment of hyperparathyroidism.

ANATOMY OF THE PARATHYROIDS

The parathyroid glands originate from the third 

and fourth pharyngeal pouches and are usually located 

next to the thyroid gland. They more commonly lie adja-

cent to the capsule at the posterior face of the thyroid, 

two on the upper pole and two on the lower, although 

sometimes they may be located within the gland. A small 

number of patients can have three, five or, occasionally, 

a greater amount of glands. Anatomical variations in lo-

cation are frequent, and they can be found even in the 

mediastinum near the thymus7. Each gland measures be-

tween three and six millimeters, weighing approximately 

30 to 40 milligrams. During surgery, they can be diffi-
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cult to distinguish from the thyroid and the adjacent fat. 

However, their mustard-yellow color is quite character-

istic. Probably because of these anatomical peculiarities, 

they remained ignored in the treaties of medicine, being 

described only in 1850 by the curator of the Museum of 

Natural History of London, Sir Richard Owen. The discov-

ery came with an autopsy of a rhinoceros. Owen described 

it as “a small compact yellow glandular body attached 

to the thyroid at the point where the veins emerged” 8. 

The famous German pathologist Rudolph Virchow may 

have identified one parathyroid gland in 1863, when he 

described a structure in the cervical region, emphasizing 

that it was not an accessory thyroid gland or lymph node, 

or any other structure that was familiar to him, though 

showing no interest in the finding 8. Despite these initial 

descriptions, it was several years until, in 1880, a 25-year-

old Swedish medical student, Ivar Sandström, definitively 

elucidated the existence of the parathyroid glands. In his 

paper entitled “On a New Gland in Man and Fellow Ani-

mals”, he described the presence of a gland hitherto un-

known in dogs, cats, rabbits and other animals. Then he 

initiated dissections in about 50 corpses and confirmed 

the presence of these glands in humans, naming them 

parathyroids due to their location9. In a detailed way, he 

described coloration, shape, variations in the location of 

glands and held a detailed microscopic analysis. As his 

report was a long one, about 50 pages, the editors of the 

time rejected it, and he managed to publish their findings 

long after, and only in his mother tongue10. The descrip-

tion in a little widespread language, associated with lack 

of understanding about the function these small glands, 

caused Sandström not to receive the proper recognition 

for his findings. Sandström, who received the physician ti-

tle in 1887, was so disturbed by the lack of recognition of 

his discovery that fell into a deep depression. Perhaps this 

fact may have contributed to his suicide at the age of 37.

THE DISCOVERY OF THE RELATIONSHIP BETWEEN 

CALCIUM AND THE PARATHYROID GLANDS

Hypercalcemia occurs when serum calcium lev-

els are high. It is a frequent diagnosis in clinical practice, 

which occurs when the calcium entry into the circulation 

exceeds its excretion in the urine or their deposition in 

bones. Among the most common etiologies, there is the 

exacerbated function of the parathyroid glands. Hyper-

parathyroidism results from increased production of PTH, 

a hormone that regulates the metabolism of calcium and 

phosphorus. When the excess in PTH production comes 

from a parathyroid dysfunction in itself, it is called pri-

mary. When it comes in response to low plasma levels of 

calcium, as in vitamin D deficiency situations or chron-

ic kidney disease, it is called secondary. About 90% of 

hemodialysis patients have secondary hyperparathyroid-

ism11. Hyperparathyroidism is tertiary when occurring in 

chronic renal failure patients undergoing kidney trans-

plantation who persist with high levels of PTH. Regardless 

of its origin, the excess production of parathyroid hor-

mone is harmful to the metabolism and should be treat-

ed12. The resection of the parathyroid glands plays a key 

role in the management of such patients, its indications 

being currently well-defined13.

The term tetany describes a set of neuromuscu-

lar symptoms caused by nervous system hyperexcitability, 

which can vary from perioral paresthesias to cramps and 

muscle stiffness10. The contracture of the extremities, with 

or without peculiar seizures, has been described about 

100 years ago when Corvisard introduced the term tet-

any for the first time in 185214. Trousseau, in 1862, and 

Chvostek, in 1876, have defined the clinical signs that 

characterize it, without, however, defining its origin. The 

Trosseau signal is present when, by occluding the brachi-

al artery, there is carpal spasm, manifested as flexion of 

the wrist and metacarpophalangeal joints, extension of 

the distal phalanges and proximal interphalangeal joints 

and adduction of the thumb and fingers. To perform this 

maneuver a blood pressure measurement cuff is placed 

around the arm and inflated to a level higher than the 

systolic blood pressure. The Chvostek sign is the presence 

of spasms of the facial muscles in response to facial nerve 

percussion in the zygomatic region15. The combination of 

symptoms of tetany after thyroidectomy was first recog-

nized by Anton Wolfer, in 1879, in a patient undergoing 

total thyroidectomy by Billroth. His explanation for the 

seizures was that they stemmed from a “brain hyper-
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emia” ensuing in these patients due to the thyroid re-

moval16. This explanation led to the development of the 

theory of detoxification, which assumed that the trem-

ors and convulsions were caused by toxins not removed 

from circulation by the thyroid and parathyroid glands10. 

The advances in general anesthesia (1840s), understand-

ing the importance of antisepsis (1860s) and hemosta-

sis (1870s) allowed the beginning of the first successful 

operations on the thyroid in the following decades. The 

high mortality rate faced by surgeons of the time (over 

40%) began to reduce, mainly by the work of two re-

markable surgeons in this area: Theodor Kocher and The-

odor Billroth. The growing success shown through many 

surgical patients surviving thyroidectomy began to face 

the emergence of complications hitherto unprecedented 

for the time. Patients operated by Kocher presented, as 

complications, signs today clearly associated with hypo-

thyroidism. Interestingly, the Billroth patients rarely devel-

oped such symptoms; however, many patients developed 

severe tetany with fatal outcome. William Halsted, after 

watching operations of the great masters, found that the 

difference was probably in the technique. Kocher was ex-

tremely meticulous and precise, operating carefully with 

strict hemostasis. He removed the entire gland and his 

patients rarely suffered voice changes or tetany due to 

preservation of the recurrent laryngeal nerve and para-

thyroids. Billroth, in contrast, worked quickly, with less 

rigorous hemostasis. Probably the lack of identification 

increased the risk of parathyroid removal and the remain-

ing thyroid tissue prevented severe hypothyroidism to 

occur. For his contributions to thyroid gland physiology, 

pathology and surgery, Kocher received the Nobel Prize 

in 190917.

In 1891, the French physiologist Eugene Gley, 

when testing in rats, rabbits and dogs, described that 

tetany occurred after thyroidectomy only if the glands 

described by Sandström were also removed. Subse-

quently he confirmed that removal of the parathyroids 

alone caused the same effect. Based on these findings, 

he recommended extreme caution to surgeons to avoid 

damaging the parathyroid glands in thyroidectomy and 

was probably the first to define the essential character 

of these glands, although not clearly identifying their 

functions9. That same year, Friedrich von Recklinghau-

sen, a famous German pathologist, first described a 

condition characterized by widespread decalcification 

of the skeleton, associated with the formation of cysts 

in the bones, which he called fibrocystic bone disease, 

without identifying the source of dysfunction. When 

evaluating that patient, he described the increase of 

a parathyroid gland, but he did not establish a causal 

relationship between the findings9. Max Askanazy, in 

190318, described a tumor in the parathyroid in autop-

sies on patients who had died with the condition de-

scribed by von Recklinghausen, though also failing to 

establish the relationship between the two findings. In 

the early twentieth century, it became clear that para-

thyroid removal or ischemia caused tetany. Nevertheles, 

the main hypothesis was that the glands were respon-

sible for the removal of unknown human body toxins. 

The first evidence of the relationship between the para-

thyroid and calcium metabolism arose in 1907, when 

Jakob Erdheim, an Austrian pathologist who studied the 

parathyroid glands in patients with bone disease, noted 

that many patients with bone diseases such as osteo-

malacia and osteitis fibrosa had increased parathyroids. 

Unfortunately, he erroneously believed that the glands 

increase was a compensatory response caused by bone 

disease. That same year, Erdheim reported the diagno-

sis of a patient with two simultaneous tumors, one in 

the parathyroid gland and the other in the pituitary, an 

omen of the multiple endocrine neoplasia that would be 

described more than 50 years later. The determination 

of serum calcium levels, from 1909, finally allowed the 

association between this ion and the parathyroid glands. 

William MacCallum19 was the first to describe the im-

provement of tetany in animals with the instillation of a 

parathyroid extract. As a complement to these studies, 

he also pioneered the evidence that post-parathyroidec-

tomy tetany could be corrected with calcium injection. 

Despite the inconsistency of his results, he was one of 

the first to suggest that the cause of tetany was related 

to low levels of serum calcium. These data led William 

Halsted to initiate the use of calcium and parathyroid 
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extract in his patients with tetany20. Only in 1923, Adolf 

Hanson, a student at the University of Minnesota, was 

able to develop a stable and reproducible parathyroid 

extract from bovine parathyroid21. James Collip, a Ca-

nadian biochemist, recognized for collaborating in stud-

ies to identify insulin, independently developed studies 

to improve the parathyroid extract and define the best 

form of administration. In 1925, he proved that tetany 

and symptoms of hypocalcemia could be appropriately 

corrected, and obtained the first patent for PTH extract 
22. The review of all those data compiled by Boothby, 

condensing the knowledge of the time, definitely con-

cluded that the parathyroid function was related to the 

calcium metabolism23.

EARLY SURGERY AND INITIAL MISTAKES

Interestingly, the history of transplants prob-

ably began with the parathyroid gland. Anton von Eis-

elsberg, a Billroth disciple, held the first parathyroids au-

totransplantation in 1892. He transplanted thyroid and 

parathyroid tissue to the pre-peritoneal space of cats and 

demonstrated the absence of tetany and the formation 

of new vessels after the procedure. In contrast, several 

surgeons reported return of tetany when the transplants 

were removed16. Felix Mandl24, a surgeon in Vienna, con-

firmed the misunderstanding of parathyroid physiology in 

the early twentieth century. When treating patients with 

cystic bone lesions in radiological imaging, which evolved 

with hip fracture and elevated urinary calcium, he initially 

tried to transplant parathyroid tissue taken from corps-

es to improve the clinical condition. With the failure of 

this form of treatment, on July 30, 1925, he indicated a 

pioneer neck exploration under local anesthesia for re-

moval of a parathyroid tumor, with resolution of symp-

toms. Radiologic studies conducted four months after 

the operation showed significant improvement in bone 

density. Six months after surgery, the patient was free of 

bone pain. Despite the operation success, the symptoms 

returned six years later. After two years of new reviews, 

and diagnosed with recurrent hyperparathyroidism, the 

patient was again operated on, with resection of two 

more parathyroid glands, considered normal on histolog-

ical examination. There was no remission of symptoms 

and the patient died three years after. The autopsy found 

no signs of parathyroid tissue. Even with the failure in 

this case, Mandl was responsible for a number of findings 

that were useful in the following years: he determined 

that the disease was not bone primary, but originated in 

the parathyroid glands; he demonstrated that tumor re-

section could be successful in controlling hypercalcemia; 

he found the possibility of recurrence and also suggested 

the possibility of a family illness16. Mandl also had the 

merit of helping Gold and Eiselsberg during an operation 

to remove a parathyroid adenoma in a patient with von 

Recklinghausen’s disease two years after his pioneering 

surgery. The documentation of clinical and biochemistry 

improvement after the surgery was performed through 

rigorous monitoring of serum and urinary calcium lev-

els. After that operation, the term hyperparathyroidism 

was first used in the literature24. David Barr and Harold 

Bulger25 attended a case with similar clinical presentation 

in 1926, and indicated cervical exploration with removal 

of an adenoma in a 56-year-old patient. In a troubled 

postoperative period, which required high doses of para-

thyroid hormone and calcium by mouth to treat tetany, 

symptoms improved and the patient returned to normal 

life. They were probably the forerunners to define the 

clinical presentation of hyperparathyroidism with five 

clinical features: bone thinning, multiple cystic bone tu-

mors, hypotonia and muscle weakness, abnormal calcium 

excretion in the urine with calcium calculi formation and 

high serum calcium levels.

One of the most picturesque cases that contrib-

uted to the understanding of the anatomy and function 

of the parathyroid glands occurred in the famous Mas-

sachusetts General Hospital 26. The patient, the US Navy 

officer Charles Martell, was hospitalized due to severe 

decalcification of his bone structure. Tests indicated ele-

vated calcium levels consistent with hyperparathyroidism. 

His neck was surgically explored six times between 1926 

and 1932. Surgeons could not the parathyroid glands in 

the first surgery. Subsequent explorations identified only 

one gland, considered normal on histologic examination. 

The patient himself, intrigued by his clinical conditions, 
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conducted an extensive literature review in the library of 

the Harvard University, focusing on locations of ectopic 

parathyroid glands. After finding an account of medias-

tinal location of the parathyroid glands in the December 

1931 volume of the Acta Medica Scandinavica journal, 

he realized the possible similarity with his own illness. He 

then insisted that surgeons carried out another surgical 

exploration, this time in his mediastinum through a ster-

notomy, which was then located a large encapsulated 

adenoma. About 90% of the lesion was removed, the re-

maining tissue being subjected to transplantation, which 

was not effective. Symptoms of hypocalcemia were se-

rious and six weeks after the operation, the patient pre-

sented with a ureteral obstruction due a calculus. Then 

again, he was operated and died because of a laryngo-

spasm after surgery27.

HYPERPARATHYROIDISM AS A DISEASE

The first decades of the twentieth century wit-

nessed the improvement in the diagnosis and treatment 

of hypoparathyroidism through MacCallum’s, Halsted’s, 

Hanson’s and Collip’s studies. However, the disease orig-

inated from the excessive hormone production was still 

unknown. Apparently, physicians at the Barnes Hospital 

in St. Louis were the first to define hyperparathyroidism 

in an article published in 1929: characteristic bone find-

ings, muscle weakness, kidney stones and high levels of 

serum calcium25. The initial operation of Mandl and few 

other successful cases showed that surgery could be a 

good treatment option for cases of hyperparathyroidism. 

Nonetheless, little was known about the pathophysiol-

ogy of this condition. The finding that many patients 

undergoing resection of adenomas did not have their 

symptoms improved worried the surgeons of the time. 

Patients with bone disease often had renal calculi. Fuller 

Albright 28, a North American physician formed by Har-

vard, after spending a year in Vienna following the work 

of Erdheim, began to show great interest on calcium 

metabolism. He undertook studies in patients with kid-

ney stones without bone disease and, for the first time, 

he could relate the renal condition with the parathyroid 

diseases. Albright was the first researcher who managed 

to understand that the genesis of hyperparathyroidism 

could stem from different etiologies. In 1934, he was 

one of the pioneers in the distinction between the dif-

ferent types of hyperparathyroidism28,29. Understanding 

the different hyperparathyroidism etiologies led to a 

change in the paradigm of operations for treatment of 

hypercalcemia. In patients diagnosed with symptomatic 

primary hyperparathyroidism, surgery is the only treat-

ment that offers the possibility of permanent cure. In 

asymptomatic patients, there is some controversy about 

the indication of surgical removal. Calcium serum 1 mg/

dl over the limit, urinary calcium excretion > 400 mg, 

30% reduction in creatinine clearance, osteoporosis, 

bone densitometry and age lower than 50 years are the 

accepted criteria to indicate surgery30. Secondary hyper-

parathyroidism is treated clinically. However, severe pain 

or bone fractures, significant itching and calcifications of 

non-vascular organs in patients refractory to appropri-

ate clinical treatment prompt surgery for this condition. 

Patients with tertiary hyperparathyroidism are usually 

treated with total parathyroidectomy with preservation 

of a small fraction of one of the glands.

THE IMPORTANCE OF PTH MEASUREMENT 

After the first findings of Hanson and Collip, 

laboratory tests for PTH detection were very inaccurate, 

hampering its applicability. It took about 40 years be-

fore the discovery of a more effective method for the 

measurement of PTH and other peptides by Berson 

and Yalow31, causing a revolution in the evaluation of 

such patients. The improvement in the determination 

of serum calcium and PTH yielded an improvement in 

the understanding of metabolic disorders related to this 

important ion. The number of patients diagnosed with 

hyperparathyroidism, even asymptomatic, increased 

considerably32, making it possible to uncover the various 

clinical and metabolic aspects related to diseases of the 

parathyroid glands. Nevertheless, detection methods 

were not yet sufficiently accurate, causing confusion in 

some patients, for whom the differentiation between 

the distinct causes of hypercalcemia was still inadequate. 

The search for greater diagnostic accuracy originated 
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the development of an analytical test carried out by ra-

dioimmunoassay by Rosalyn Yalow. From this improve-

ment, obtaining a definitive diagnosis was more readily 

determined. Due to the relevance of this discovery, the 

researcher received the Nobel Prize in 197733. This facil-

ity for the laboratory diagnosis of hyperparathyroidism 

led to an exponential increase in operations during the 

late 1980s. Due to improved diagnosis, patients no lon-

ger presented with advanced stages disease, and many 

were still asymptomatic. The responsibility of surgeons 

in indicating the proper procedure increased consider-

ably. However, there were further discussions about the 

histologic diagnosis of lesions. Conflicting data in the di-

agnosis provided by pathologists showed the diagnostic 

difficulties between adenomas and gland hyperplasia. 

Obviously, this confusion opened the possibility of in-

adequate or too aggressive surgical procedures16. To try 

to resolve the therapeutic questions in the treatment of 

primary hyperparathyroidism Purnell et al. conducted a 

great analysis of 143 patients followed for ten years34. 

The main findings of this well-conducted study were: 

1) there was a great loss to follow-up, both by patients 

and physicians; 2) lack of consensus on specific moni-

toring tests; 3) absence of predictive factors for disease 

activation; and 4) recommendation of surgery by an ex-

perienced surgeon (minimum of nine to ten operations 

per year).

THE TECHNOLOGY ADVANCES FACILITATING PARA-

THYROID SURGERY 

The success of the aforementioned isolated 

cases encouraged surgeons to recommend parathyroid-

ectomy as a routine procedure to treat hypercalcemia, 

soon appearing the first series of cases operated with 

good results35. There was also the realization that hyper-

parathyroidism was not only associated with the solitary 

parathyroid adenoma, but also with multiple adenomas 

and with glandular hyperplasia, which could affect all 

glands. Founded on this knowledge, bilateral cervical ex-

ploration became the recommended routine procedure. 

Parathyroid surgeries were often prolonged, tedious and 

unsuccessful operations. Advances in perioperative man-

agement, proper positioning of the patient on the oper-

ating table, endotracheal intubation and the proper use 

of drains contributed to the growing success of surgery36. 

However, the biggest challenge was still the precise loca-

tion of the parathyroid glands. The search for a method 

for preoperative localization of patients’ glands appeared 

as a need to avoid fruitless or inaccurately indicated ex-

plorations that could worsen patients’ quality of life. Arte-

riography was one of the initial methods tried, but failed 

to demonstrate benefits 37. Selective blood collection of 

cervical veins was superior to arteriography, though with 

difficult conduction and considerable morbidity. Surgical 

anecdotes of the time, faced with the difficulties of loca-

tion of the parathyroid glands, originated the quote: “The 

only localization that a patient needs who has primary 

hyperparathyroidism is the localization of an experienced 

surgeon!”38. The use of nuclear medicine was another 

important advance, as well as the neck ultrasonography, 

allowing the neck exploration to be unilateral in selected 

cases39.

A new revolution in the treatment of these 

patients occurred in 1987, when Samuel Nussbaum de-

scribed a method for rapid detection of PTH40. In the past, 

the measurement of PTH levels took about 20 hours and 

it was common to inform the patient, still recovering from 

surgery, of the need for a new cervical exploration27. Due 

to the few minutes half-life of the active PTH, its rapid 

measurement during operation, before and after resec-

tion of the lesion, renders a higher degree of certainty to 

the complete withdrawal of abnormal glands. PTH levels 

falling more than 50% virtually assures the removal of 

all affected glands41. The introduction of this new de-

tection method allowed greater procedure safety, more 

conservative operations, lower hypercalcemia recurrence 

rate, surgery without the need for hospitalization and a 

reduction of about 40% of hospital costs42. Devices for 

intraoperative identification through a mapping by mark-

ing the parathyroid glands also contribute to achieving 

a more efficient surgery43. The adaptation of minimally 

invasive techniques now allows performing surgeries with 

very short hospital stay, less pain, lower cost and minimal 

scarring, improving the cosmetic aspect44.
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 FINAL COMMENTS

The parathyroid glands were the last of the 

endocrine glands to be discovered, this perhaps be-

ing one of the reasons that justify the difficulties in 

the evaluation of patients with hyperparathyroidism 

in the last century. The history of parathyroid surgery 

prospered in a way particularly similar to the history of 

surgery. Knowledge developed slowly from incidental 

findings, case reports, chance contributions from pa-

tients and medical students, laboratory research and, 

just recently, more well-designed scientific studies. 

Patients with hyperparathyroidism may present with a 

wide spectrum of symptoms, but often are asymptom-

atic and diagnosis is obtained in a routine examination. 

Current well-structured guidelines allow treatment to 

be well oriented, allowing highly satisfactory success 

rates. That responsibility lies with the surgeons of to-

day, ensuring a surgical procedure of excellence, in ap-

propriate hospitals.
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R E S U M O

Os autores fizeram uma revisão dos principais aspectos históricos da progressão do conhecimento sobre o tratamento cirúrgico do hiper-

paratireoidismo. Por meio de revisão bibliográfica, foram analisados artigos selecionados sobre a história da evolução do conhecimento 

anatômico, fisiológico, patológico e cirúrgico das glândulas paratireoides. Devido às suas características anatômicas peculiares, as parati-

reoides foram as últimas das glândulas endócrinas a serem descobertas, o que dificultou sobremaneira seu tratamento adequado até as 

primeiras décadas do Século XX. A evolução tecnológica ocorrida nos últimos 30 anos facilitou sobremaneira a localização das glândulas e 

a cirurgia do hiperparatireoidismo. Contudo, um cirurgião experiente e dedicado ao tratamento dessa enfermidade ainda é fundamental 

para a excelência do tratamento.
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