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Primary hyperparathyroidism:
concepts for the general surgeon
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Abstract

During the last decades, the incidence of primary hyperparathyroidism has been increasing, most probably related 
to the greater accessibility to diagnostic studies; however, the most common form of clinical presentation of primary 
hyperparathyroidism is asymptomatic in more than 80% of patients. Diagnosis is less frequent due to associated 
renal (urolithiasis) or bone (osteitis fibrosa cystica) complications. A benign tumor of the parathyroid gland (single 
adenoma) is the main cause of this disease. Therefore, its treatment is usually surgical. Despite this, the management 
of this pathology by the general surgeon is not frequent. This article reviews key concepts for the diagnosis and 
management of this disease by the resident physician and specialist in General Surgery.
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Resumen

Durante las últimas décadas, la incidencia del hiperparatiroidismo primario ha venido en aumento, muy 
probablemente relacionado con la mayor accesibilidad a los estudios diagnósticos; sin embargo, la forma más 
común de presentación clínica del hiperparatiroidismo primario es asintomática, en más del 80 % de los pacientes. 
En la actualidad, es menos frecuente el diagnóstico por las complicaciones renales (urolitiasis) u óseas (osteitis 
fibrosa quística) asociadas. Un tumor benigno de la glándula paratiroides (adenoma único), es la principal causa 
de esta enfermedad. Por tanto, su tratamiento usualmente es quirúrgico. A pesar de ello, no es frecuente el manejo 
de esta patología por el cirujano general. En este artículo se revisan conceptos claves para el diagnóstico y manejo 
de esta enfermedad para el medico residente y especialista en Cirugía General.

Palabras clave: glándulas paratiroides; hiperparatiroidismo primario; hormona paratiroidea; neoplasias de las 
paratiroides; adenoma; hipercalcemia; paratiroidectomía.
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Introduction
The first description of the parathyroid glands as 
an organ was made in 1850 in the London Zoo 
during a necropsy of a rhino. The first parathyroid 
surgery was performed in 1925 in Vienna by Félix 
Mandl in a patient with osteitis fibrosa cystica. 
During the same year, biochemist James B. Collip, 
in Canada, discovered the parathyroid hormone 
(PTH), after participating in the group of resear-
chers who isolated insulin and adrenocorticotro-
pic hormone (ACTH).

Primary hyperparathyroidism (PHPT) is the 
third endocrine disorder in frequency1, which is 
characterized, in the absence of a recognized sti-
mulus, that one or more parathyroid glands se-
crete PTH in excess, resulting in hypercalcemia. 
The prevalence is estimated to be 0.85% and its 
current incidence is approximately 50 cases per 
100,000 person-year in the United States, being 
more frequent in women (2 to 3:1) between 50 
and 65 years of age2.

The clinical presentation has varied in the 
last 40 years, from symptomatic pictures asso-
ciated with severe hypercalcemia, kidney stones 
and bone disease (osteitis fibrosa cystica), up to 
an asymptomatic condition, more common in 
the present, incidentally diagnosed with routine 
examinations (serum calcium, biochemistry tests, 
bone densitometry, etc.).

Embryology and anatomy
The parathyroid glands develop between the fifth 
and seventh weeks of gestation. Superior glands 
originate from the fourth branchial bag and are 
generally located towards the cricotracheal junc-
tion, between the thyroid tissue and the recurrent 
laryngeal angle nerve, while the lower glands ori-
ginate from the third branchial pouch. About 44% 
found in the thyrothymic ligament, 26% in thymic 
horn, 17% at the lower pole of the thyroid gland, 
2% in the mediastinum, and 11% are distributed 
in the upper carotid bed or inside the thyroid3.

In 91% of people there are four glands, in 5% 
there are three, and in 4% there are five or more. 
Usually, each measure between 5 and 7 mm. Each 
parathyroid tissue can weigh between 90 and 130 

mg. In 83% of cases they are oval, in 11% elon-
gated, 5% kidney-shaped, and in 1% multilobed. 
They are generally accompanied by periglandular 
fat tissue, and in 80% of cases are located in a 
contralateral mirror fashion3. Usually the para-
thyroid glands receive their supply from the lower 
thyroid artery; however, up to 45% of patients, the 
upper glands may receive branches of the superior 
thyroid artery4.

Calcium homeostasis
The average daily calcium intake is 500 to 1000 
mg. Its absorption occurs mainly in the duode-
num and proximal jejunum. In the kidney, almost 
all of the filtered calcium is reabsorbed at the 
proximal tubule and loop of Henle, through the 
sodium pump. In the distal tubule, absorption 
calcium is mediated by PTH. The daily calcium 
loss is approximately 100 mg by perspiration and 
800 mg in the feces. The oldest body deposit of 
calcium are the bones, which contains approxi-
mately 1000 gr5.

Control of calcium and phosphorus serum 
levels is complex, because it not only depends on 
the intake, but the participation of organs such as 
intestine (where absorption is mediated by me-
tabolites of vitamin D), kidney (excretion), liver 
(fragmentation of PTH), bone (deposit and re-
lease), skin (activation of vitamin D3 by ultraviolet 
irradiation of 7-dihydroxycholesterol), parathy-
roid glands (parathyroid hormone), and thyroid 
gland (where C cells or parafollicular cells produce 
calcitonin, which decreases bone resorption due 
to its antagonistic effect to PTH).

Serum calcium concentrations normally 
should be in a very narrow range between 
8.5-10.5 mg/dl or 2.1-2.6 mmol/l, which is the 
value required for the optimal performance 
of multiple physiological processes, intra and 
extracellular in the body. To achieve the exact 
regulated concentration depends on the rela-
tionship between intestinal absorption, renal 
excretion and uptake and bone release, proces-
ses that are in turn regulated by the action of 
parathyroid hormone, the vitamin D3 and, to a 
lesser extent, calcitonin.
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PTH is the main regulatory hormone of calci-
um homeostasis. It is produced by the main cells 
of the parathyroid gland, in form of a 110 ami-
noacid prohormone, which splits and eventually 
becomes the proper hormone, a polypeptide of 
84 aminoacids. It has a biological active portion 
corresponding to the N-terminal amino group 
(residues 1-34) and an inactive one that corresponds 
to C-terminal carboxyl group (residues 35 to 84). 
The half-life of intact PTH is approximately 6 
minutes in the N-terminal fragment and almost 1 
hour in the C-terminal fragment. Its degradation 
occurs mainly in the liver.

Calcium is the main body mineral, but only its 
ionized form is physiologically active. In serum, 
47% occurs in ionized form, 45% protein bound, 
and 8% in the form of organic anions. Its function 
is to stimulate muscle contraction, to produce ex-
citability of the nervous system, the formation of 
bone matrix and facilitate signal transduction5.

Hypocalcemia is the main physiological 
stimulus of the main cells of the parathyroid 
glands, where the synthesis and secretion of the 
parathyroid hormone is regulated through three 
receptors:

1. 	 The vitamin D receptor (VDR) which, by bin-
ding to it, decreases the synthesis of PTH.

2. 	 The specific calcium receptor (CaER) that, be-
ing occupied by this element, it inhibits the 
synthesis and secretion of PTH.

3. 	 The Fibroblast Growth Factor receptor 
(FGF-R) and the transmembrane protein 
“Klotho” form a complex that is stimulated 
by Fibroblast Growth Factor 23 (FGF-23). 
FGF-23 is a hormone that is produced in os-
teocytes and osteoblasts when phosphate and 
calcitriol levels increase. FGF-23 inhibits the 
secretion of PTH in the parathyroid glands 
and decreases reabsorption of phosphate in 
the kidney proximal tubule.

PTH acts on bone osteocytes, osteoclasts and 
osteoblasts, increasing the calcium level. In the 
kidney, it promotes calcium retention and phos-

phate excretion and stimulates the absorption of 
calcium in the intestine.

At the level of the renal proximal tubule, usu-
ally there is a reciprocal exchange between calci-
um and phosphorus to maintain their levels stable. 
Likewise, 1α-hydroxylase allows the activation of 
vitamin D (calcitriol). The action of 1α-hydroxy-
lase is suppressed by FGF-23. Hypocalcemia and 
hyperphosphatemia stimulate production of PTH, 
while vitamin D inhibits it 6-8 (Table 1).

Pathophysiology and causes of primary 
hyperparathyroidism
In PHPT, the metabolic disorder is located in the 
parathyroid glands due to loss control of the syn-
thesis and secretion of PTH. In more than 80% of 
the cases, hypercalcemia is detected asymptoma-
tic, associated with elevated PTH. However, hyper-
calcemia can also occur with normal or minimally 
elevated PTH values. Normocalcemic PHTP8 is one 
of the forms of presentation of the PHTP, and there 
are, in repeated tests, elevated levels of PTH with 
normal serum calcium. For its diagnosis, other 
causes of secondary hyperparathyroidism must 
be excluded, such as kidney disease, vitamin D 
deficiency, drugs or malabsorption syndromes, 
among others.

Familial hypocalciuric hypercalcemia (FHH), 
a hereditary benign condition, is one of the main 
differential diagnoses of the PHTP. It occurs in 
young individuals with chronic hypercalcemia 
and normal or slightly elevated PTH levels9. Accor-
ding to clinical guidelines, the calcium/creatinine 
clearance ratio (CCCR) is the biochemical index of 
choice to differentiate between PHTP and FHH. A 
quotient less than 0.01 it is suggestive of FHH and 
one greater than 0.02 of PHTP. Patients with FHH 
do not require surgical treatment 10.

In approximately 86% of cases of PHTP, the 
cause is a single parathyroid adenoma, in 9% 
diffuse or nodular hyperplasia of one or several 
glands, in 3% double adenoma and in 1-2% car-
cinoma.

When there is a carcinoma, usually there are a 
compromised target organs, such as osteoporosis, 
pathological fracture, urolithiasis, pancreatitis, or 
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Table 1. Main mechanisms of control of calcium, phosphorus, and vitamin D.

Parathyroid gland Kidney Bone Intestine

Stimulus Hypocalcemia and 
hyperphosphatemia 

Hypocalcemia, 
hyperphosphatemia and elevation 
of PTH

Hyperphosphatemia and 
elevation of 1,25 Vit D3 Hypocalcemia 

Response Elevation PTH Increases synthesis of 1.25 Vit D3 Release FGF-23  

Action

FGF-23: decreases PTH
FGF-23: Decreases 1.25 Vit D3, 
increases reabsorption of calcium 
and phosphorus excretion	

PTH: Releases calcium and 
phosphorus and increases 
synthesis of FGF-23

1.25 Vit D3: Increases 
calcium and 
phosphorus absorption

1.25 Vit D3: decreases 
PTH

PTH: Increases 1.25 Vit D3, 
increases calcium reabsorption 
and excretion

   

* PTH: parathyroid hormone; 1.25 Vit D3: calcitriol; FGF-23: fibroblast growth factor-23.

disorder of consciousness. In 75% of cases, the 
serum calcium level is above 14 mg/dl and intact 
PTH elevated more than 4 times its normal value. 
It can course with vocal fold paralysis, in 50% of 
cases a nodule is palpable in the neck and in 75% 
its size is greater than 2 cm11,12.

Other causes of primary 
hyperparathyroidism 

Hereditary syndromes
In 95% of cases, PHTP presentation is sporadic13; 
however, in rare cases, it presents at early ages as 
part of familial syndromes. Familial hyperpara-
thyroidism includes a group of disorders where 
PHTP is inherited, usually, like an autosomal do-
minant feature.

Multiple endocrine neoplasia syndrome 
(MEN) type 1, is caused by mutations inactivat-
ing genes in the NEM1 gene (11q13) that encodes 
the protein menin, a tumor suppressor. Initially 
described in 1954, it is the most common cause of 
familial PHTP, representing approximately 2-4% 
of all cases13. It is characterized by a predisposi-
tion to develop endocrine tumors at the level of 
the pituitary, parathyroid and neuroendocrine 
pancreatic and gastrointestinal tract tumors. 
The association of the NEM1 gene mutation with 
the sporadic or familial presentation of para-
thyroid adenomas has been well documented, 
while its association with parathyroid carcino-
ma is rare. PHTP is the more frequent endocrine 

disorder, it presents in around 90% of patients 
between 20 and 25 years old and usually there 
is a multiglandular involvement with growth 
of all glands.

The more recently described MEN type 4 it is 
similar to NEM1. Those affected develop parathy-
roid, pituitary, pancreatic, adrenals and, rarely, 
cervix and testes tumors. It is caused by inacti-
vating mutations in the CDKN1B gene, which en-
codes the p27 protein, which acts as a regulator 
in the progression of the cell cycle. More than 
80% of those affected due to this syndrome have 
primary hyperparathyroidism14.

MEN type 2A syndrome, caused by mutations 
in the RET proto-oncogene on the chromosome 
10, is characterized by finding of medullary thy-
roid carcinoma, pheochromocytoma, and hyper-
plasia or parathyroid adenoma. PHTP occurs in 
20-30% of cases, usually with mild presentation 
or asymptomatic symptoms. Progression to ma-
lignant parathyroid adenomas is rare13.

Hyperparathyroidism mandibular tumor syn-
drome (HPT-TM) is caused by mutations in the 
HPRT2 gene on chromosome 1, causing parathy-
roid tumors, ossifying fibromas of the mandible, 
kidney lesions (Wilms tumor, renal papillary car-
cinoma, cystic disease) and PHTP14. In more than 
95% of patients, the first manifestation is prima-
ry hyperparathyroidism, with a more aggressive 
behavior due to severe hypercalcemia and often 
unusually high frequency of parathyroid carcino-
ma (10-15%)13.
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Table 2. Characteristics of hereditary syndromes in primary hyperparathyroidism.

Characteristics NEM 1 NEM 2A NEM 4 HPT-TM HPT familiar

Hyperparathyroidism

Pancreatic tumors

Pituitary adenomas

Medullary thyroid cancer

Pheochromocytoma

Mandible and kidney tumors

Heritage AD AD AD AD AD

Gene mutation NEM 1 RET proto 
oncogene CDKN1B HRPT2 NEM1-RECa-

HRPT2

* MEN: multiple endocrine neoplasia; HPT: hyperparathyroidism; HPT-TM: hyperparathyroidism-mandibular tumor; AD: autosomal dominant; 
CDKN1B: cyclin-dependent kinase inhibitor 1B; CaER: specific calcium receptor.

Another hereditary syndrome is the Familial 
Isolated Hyperparathyroidism. It is uncommon, 
and is characterized by the presence of primary 
hyperparathyroidism caused by single or multi-
ple parathyroids tumors in at least 2 first degree 
relatives and in the absence of other tumors or 
endocrine disorders. The specific mechanism is 
unknown, but they have been detected mutations 
in the NEM1 gene (20-23%), in the gene CaER 
(specific calcium receptor, in 14-18%) and in the 
HRTPT2 gene, in a lower percentage (Table 2).

Radiation exposure
Patients with PHTP may have a history of radiation 
of head and neck, in a range of 20 to 40 years prior 
to the development of the condition. The most 
representative example is a cohort of 61 workers 
at the nuclear plant in Chernobyl in 1986 where 
15 of them developed PHTP. The mean exposure 
was between 0.3 to 8.7 Gy. It has not been demons-
trated differences in clinical course or recurrence 

between exposed and unexposed patients. Howe-
ver, in exposed patients it was associated with 
thyroid tumors15.

Drugs
Lithium therapy and thiazide diuretics have been 
associated as risk factors for PHTP16. More recent 
experience with thiazides has suggested that 
hypercalcemia, in this context, possibly masks 
the underlying state of the PHTP, and is not likely 
to be reversed when the diuretic is suspended17.

Diagnosis
Most cases of PHTP are diagnosed incidentally 
by routine laboratories or within the osteopenia 
or urolithiasis follow-up. Clinically, it presents as 
asymptomatic hypercalcemia in about 80% of ca-
ses. Symptomatic PHTP may manifest with bone 
pain, fatigue, weight loss, peptic ulcer, pancreatitis, 
nephrolithiasis, accelerated arteriosclerosis, cog-
nitive deficit, and anxiety.
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Figure 1. Parathyroid scan with SPECT-CT showing hyperuptake of the left lower parathyroid 
gland (white arrows)

 
 

 
Figura 1. Gammagrafía de paratiroides con SPECT-CT que muestra hipercaptación de la 
glándula paratiroidea inferior izquierda (flechas blancas). 
 
  

A B C

Labs frequently show elevated PTH and serum 
calcium, and increased of urinary calcium excre-
tion, and the typical pattern of salt and pepper 
granules on radiographs bone, compatible with 
osteitis fibrosa cystica, osteopenia of the third dis-
tal part of the clavicle, subperiosteal resorption of 
the distal phalanges, bone cysts or brown tumors.

Scintigraphy performed with Tc99m (techne-
tium)-Sestamibi, in planar images such as single 
photon emission computed tomography (SPECT), 
is useful in the localization of parathyroid ade-
nomas, especially in those of size greater than 
500 mg18,19. Sensitivity and specificity improves 
when SPECT images are fused with images from 
computed tomography (Figure 1), preferably 
from hybrid equipment, passing the sensitivity 
of 83% to 96% and specificity from 80 to 93%, 
more evident advantages in smaller adenomas of 
about 210 mg20. Sensitivity is 58% in the case of 
hyperplastic glands21. When conventional nuclear 
medicine imaging (SPECT) is negative, an alterna-
tive is to perform a positron emission tomography 
(PET-CT) with C11-Methionine, with F18-Choline 
or C11-Choline22,23.

It is recommended to have a thyroid ultra-
sound to rule out a concomitant thyroid disease. 
Other images such as contrast CT, MRI, angiog-
raphy with selective PTH or PET scan, are only 
used in case of negative scintigraphy, recurrence, 
or difficult location of the gland or ectopic para-
thyroid tissue24.

As previously explained, a differential diagno-
sis is with benign familial hypocalciuric hypercal-
cemia, with normal or slightly elevated PTH. It is 
generally diagnosed by persistent hypercalcemia 
after partial parathyroidectomy25.

Although primary carcinoma of the para-
thyroid is suspected, biopsy with fine needle is 
not recommended due to its low specificity and 
the possibility of developing parathyromatosis.

Surgery is the recommended treatment in the 
PHTP (Table 3) for the symptomatic or asympto-
matic patient, having target organ involvement 
(osteopenia, urolithiasis, decreased blood glo-
merular filtration rate, peptic ulcer, pancreatitis, 
or neuromuscular disorder).

The experienced surgeon is able to identify the 
affected gland(s) in 95% of the cases. Image fusion 
(SPECT-CT) and the measurement of iPTH (intact 
molecule) in the course of surgery, have allowed 
to make more therapeutic decisions successful, 
reducing the recurrence rate of PHTP to less than 
5%26. Radioguided surgery and the decision to 
perform a minimal invasive approach will depend 
on available technology and on the experience of 
the surgeon (Figures 2 and 3).

Usually it is an outpatient procedure, the pa-
tient is discharged with calcium supplements 
(3 g/day) and calcitriol (0.25 mcg/day). The 
control  is  done  in 3 weeks  with new iPTH 
values, serum alkaline phosphatase, calcium, 
and phosphorus.
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Table 3. Indications for surgical management of primary 
hyperparathyroidism.

- Patient under 50 years old

- Serum calcium greater than 12 mg/24 hours

- Calciuria greater than 400 mg/24 hours

- Decrease in creatinine clearance greater than 30% for age

- Lumbar, hip or distal radius densitometry with T-score                                                                                                                                          
   less than -2.5

- Patients with impossibility of medical follow-up

 
Figura 2. Abordaje quirúrgico por vía retro-tiroidea izquierda 
  Figure 2. Left retrothyroid surgical approach.

 
 
 
Figura 3. Adenoma de paratiroides inferior izquierda. a. Músculo esternotiroideo; b. lóbulo 
tiroideo izquierdo; c. adenoma de paratiroides. 

a.

b.

c.

Figure 3. Left inferior parathyroid adenoma. a. Sternothyroid 
muscle; b. left thyroid lobe; c. parathyroid adenoma.

In patients with high surgical risk, or who re-
ject the procedure, a strict annual follow-up with 
calcium, creatinine and bone densitometry levels 
should be recommended. In some cases, with 
symptomatic hypercalcemia is recommended to 
maintain a good hydration, restriction of calcium 
intake, ensure normal levels of vitamin D, and even 
the use of calcium mimetics. It is recommended 
that the therapeutic decision be taken between the 
surgeon, the endocrinologist, and the patient27-29.

Radical surgery is recommended for primary 
carcinoma (after correction of the severe hyper-
calcemia), with ipsilateral hemithyroidectomy, 
contralateral exploration and thymectomy, with 
lymphadenectomy in case of documented histo-
logical involvement.

Complications of surgical management
The most common complication is transitory 
hypocalcemia, which occurs between 15% and 
30% of patients, and represents 7% of posto-
perative readmissions for intravenous calcium 
administration. When the patient is admitted in 
Emergencies and symptomatic hypocalcemia is 
documented, oral and intravenous calcium should 
be administered simultaneously. It is recommen-
ded calcium gluconate infusion two vials in 100 
cc of normal saline or dextrose in water, to pass 
in 15 minutes (do not use ringer’s lactate by glu-
conate precipitation), and continue with one vial 
every 6 hours until symptoms are controlled. Oral 
calcium is administered (1.5-3 gr) every 6 hours, 
in carbonate or citrate presentation, and calcitriol 

(0.25 mcg) every 8 hours. With this management, 
the patient is discharged in 12 to 24 hours in the 
vast majority of cases.

In some cases, postoperative hypocalcemia is 
severe and prolonged, despite having a normal 
or slightly elevated PTH, and can be associated 
with hypophosphatemia, hypomagnesemia, and 
hyperkalemia, requiring hospital management 
with cardiac monitoring, oral and intravenous 
supplementation of calcium, magnesium, and 
calcitriol. This condition is known as “hungry 
bone syndrome” and occurs in approximately 
13% of patients undergoing parathyroidectomy 
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for PHTP. Generally, affects patients with osteitis 
fibrosa cystica and patients who have received 
therapy with calcium mimetics for a long time. 
They are also considered risk factors to develop it 
in those who are under 45 years old, with obesity, 
high levels of alkaline phosphatase and normal 
or low preoperative serum calcium levels8,30,31. 
Institutions with high volume of parathyroid 
surgery and with enough resources have used 
the cryopreservation of parathyroid tissue to re-
implant it in case of severe hypoparathyroidism 
difficult to manage32.

Bleeding, infection, or recurrent laryngeal ner-
ve injury appear approximately in 1% of cases. 
The perioperative mortality is 0.3%33-35.

The least desired complication by the surgeon 
is the impossibility of finding the affected gland 
or glands and the consequent persistence of 
hyperparathyroidism. Failures are generally pre-
sent in the preoperative location, in the cervical 
examination or by underestimating the number 
of parathyroid glands with hyperplasia versus 
adenomas. Tominaga reported an incidence of 
persistent PHPT of 4%, and a 1.6% reoperation 
rate due to this cause35.

Parathyromatosis is the seeding of multiple 
foci of benign and hyperfunctioning parathyroid 
tissue in the soft tissues of the neck or mediasti-
num, product of the rupture of the capsule of the 
parathyroid gland during the surgical exploration, 
fine needle biopsy, or percutaneous use of sclero-
therapy with alcohol. These last two procedures 
are not recommended routinely35.

Conclusions
Primary hyperparathyroidism is a common cause 
of hypercalcemia. Its clinical presentation has 
evolved to a condition mostly asymptomatic in 
the population, whose diagnosis is made from 
routine biochemical tests. In young patients, 
diagnostic approach must be careful; in these 
cases, it can be a component of multiple heredi-
tary endocrinology abnormalities that, although 
they represent less than 5% of the PHTP, affect 
this age group more frequently. Surgery is the 
only curative treatment of this disease; it is re-

commended in young symptomatic patients, or 
in those asymptomatic who are at risk to pre-
sent target organ involvement. Currently, the 
pre-surgical study with images diagnostic tests 
(scintigraphy or SPECT) allow to locate the ade-
noma more precisely, avoiding recurrences and 
allowing minimal invasive approach.
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