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Abstract

Background: Primary hyperparathyroidism (PHPT) is a common clinical endocrine disorder. It is the most common
cause of hypercalcemia in the outpatient setting. This review presents a brief summary of the new trends of presentation,
diagnosis and management PHPT.

Data Sources: PubMed (National Library of Medicine) articles, and Memorial Library archives of the University of
Wisconsin System.

Conclusions: PHPT occurs at any age, but it is most commonly seen in people over the age of 50 years and
postmenopausal women. The current presentation of PHPT shifts from the classical symptomatic form to the
asymptomatic form; however, parathyroidectomy is still the treatment of choice for both symptomatic and asymptomatic
forms. In the past, bilateral neck exploration and intraoperative identification of all 4 parathyroid glands was the
standard of treatment, nevertheless, nowadays, with the introduction of the preoperative and intraoperative localization

techniques, the minimally invasive parathyroidectomy has evolved.
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Introduction

Primary hyperparathyroidism (PHPT) is defined by an abnormal
increase in the intrinsic activity of the parathyroid gland(s) that result
in elevated parathyroid hormone (PTH) levels [1,2]. It is one of the
most common endocrine disorders and is the most common cause of
hypercalcemia. PHPT is one of the most common endocrine disorders
and is the most common cause of hypercalcemia, which increases
morbidity and mortality that result from cardiovascular, renal, and
musculoskeletal pathologies. PHPT affects 1 in 500 females and 1 in
2,000 males aged >40 years, with a peak incidence in post-menopausal
women. In the US, Europe, and Australia, the reported estimated
incidence rates range from 25 to 30 per 100,000 person years, and the
prevalence range from 1 to 21 per 1,000 individuals [1-4].

PHPT has been a recognizable disease since the 1920s in both
Europe and the US [5]. The first parathyroidectomy was performed
in 1925 by Felix Mandl in Vienna, Austria; since then, the diagnosis
and management of PHPT have progressed [5]. The purpose of this
article is to review the current trends of PPT presentation, work-up,
and management.

Anatomy and Physiology

Humans typically have four parathyroid glands located at the
posterior capsule of the thyroid gland; in up to 15% of individuals have
more than four and up to 3% have three identifiable glands [6]. The
superior parathyroid glands arise from the IV pharyngeal pouch and
migrate to the cephalad thyroid gland; they are usually located at the
cricothyroid junction, 1 cm from the recurrent laryngeal nerve and
the inferior thyroid artery. Inferior parathyroid glands arise from the
III pharyngeal pouch and migrate caudally with the thymus; they are
usually located on the posterolateral aspect of the inferior pole of the
thyroid gland. Normal parathyroid glands are yellow or brown in color,
oval in shape, 3-7 mm in length, and 30-40 mg in weight [7,8].

A parathyroid gland consists of chief cells, oxyphilic cells, a thin
fibrous capsule, and a network of adipose tissue, blood vessels, and

glandular parenchyma [8]. Chief cells secrete PTH, which consists
of 84 amino acid polypeptides. The normal serum PTH level range
is 15-72 pg/mL, with a half-life of 2-4 min. Seventy percent of PTH
metabolism occurs in the liver and 30% in the kidneys [9-11]. PTH is
regulated by serum calcium, phosphorus, and vitamin D metabolites.
The total normal calcium level should be 8.8-10.2 mg/dL (ionized
calcium 2.2-2.6 mmol/L) to ensure optimum physiological functions
[9-11]. PTH levels are inversely proportional to serum calcium levels,
as high serum calcium levels decrease PTH release [5-7] and low serum
calcium levels increase PTH secretion. This relationship enhances renal
tubular calcium reabsorption, urinary phosphate excretion, osteoclast-
mediated bone resorption, and the conversion of 25-hydroxyvitamin
D3 into 1,25-hydroxyvitamin D3, which increases calcium absorption
from the bowel [9-11].

Etiology

Ninety-five percent of PHPT cases are sporadic. Of these cases,
75-85% result from a single adenoma, 2-12% result from double
adenomas, 10-15% result from multiple gland hyperplasia, and <1%
result from parathyroid carcinoma [12-14]. Patients with multigland
disease tend to have PTH levels of <100 pg/mL, a negative preoperative
localization, or several neurocognitive symptoms [15,16]. Serum
calcium levels of >14 mg/dL (3.5 mmol/L) or a palpable neck mass
with elevated PTH may indicate parathyroid carcinoma [17]. Familial
endocrine disorders occur in approximately 5% of PHPT cases and
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frequently present in younger populations with a positive family
history of neuroendocrine tumors or hypercalcemia (Table 1). Patients
with inherited hyperparathyroidism and multigland disease have a
higher risk of persistent and recurrent disease [14].

Head and neck radiation increase the risk of developing PHPT by
two- to three-fold [18]. Additionally, the use of thiazides may lead to
mild hypercalcemia by reducing urinary calcium excretion, and the use
of lithium may lead to increased serum calcium and PTH by decreasing
the sensitivity of the calcium-sensing receptor to calcium [19,20].
Although the pathogenesis of PHPT is not well known, studies have
shown that gene mutations, growth factors, calcium-sensing receptor
antibodies, and chronic vitamin D deficiency are possible underlying
pathologies [20].

Presentation and Clinical Forms

Patients may presentwith symptoms ofhypercalcemiaor PTH excess
or they may be asymptomatic; however, the severity of hypercalcemia
is not directly linked to the severity of symptoms [21]. Symptomatic
PHPT has been linked to the classic aphorism of “stones, bones, groans,
and psychiatric overtones.” However, asymptomatic PHPT is linked
to high serum calcium levels in routine biochemical evaluation, in
which patients present in early stages before the development of classic
symptoms of PHPT [12]. The most common presentations of PHPT
are hypercalciuria, which are seen in almost 40% of PHPT patients,
and kidney stones, which have an incidence of 15-20%. Other renal
presentations of PHPT include nephrocalcinosis, polyuria, and reduced
creatinine clearance (CrCl) [22,23]. Additionally, patients may have
low bone mineral density (BMD) in their cortical bones. Almost 15% of
patients have vertebral osteopenia and 2% have osteitis fibrosa cystica.
PHPT may be associated with rheumatic conditions, such as gout and
pseudogout [24,25].

Patients may develop gastrointestinal symptoms, such as nausea,
constipation, peptic ulcers, and pancreatitis [26], or neuropsychiatric
symptoms, such as depression, dementia, confusion, lethargy, social
function impairment, psychosis, and coma [27]. Patients with PHPT
have a higher prevalence of hypertension, cardiac and coronary artery
calcification, left ventricular hypertrophy, conduction abnormalities,
glucose intolerance, endothelial dysfunction, and abnormalities
in the coagulation and fibrinolysis pathways [28,29]. In pregnant
women, PHPT increases the risk of preeclampsia and fetal defects,
such as intrauterine growth retardation, low birth weight, preterm
delivery, intrauterine fetal death, neonatal tetany, and permanent
hypoparathyroidism [30]. Because of the routine use of screening tests
and BMD measurements, 80% of PHPT cases are asymptomatic or
present with nonspecific symptoms, such as fatigue, mild depression,
bone pain, weakness, memory loss, decreased concentration, and sleep
problems [12].

Several clinical forms of PHPT exist, according to severity.
Classic PHPT is characterized by the elevation of both calcium
and PTH, and patients usually have typical symptoms [1,12]. Mild
PHPT is characterized by elevated PTH or calcium in isolation, mild
elevations in both, or asymptomatic disease, and is associated with
smaller adenomas and a higher incidence of multigland disease.
Normocalcaemic PHPT is characterized by elevated PTH and normal
serum calcium [12,31,32].

Differential Diagnosis and Work-up

Hypercalcemia has several causes (Table 2), but malignancy is the
second most common cause [19]. The diagnosis of PHPT is usually
made biochemically, based on serum calcium, PTH, and phosphate
levels. Elevated levels of serum calcium and PTH are associated with a
95% risk of a diagnosis for classic PHPT; however, patients may have
normal levels of phosphate, calcium or PTH. Serum calcium levels
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should be repeated and all cofactors should be controlled. Normal
ionized serum calcium, elevated PTH levels, and no signs of secondary
hyperparathyroidism are consistent with normocalcemic PHPT [31-
36]. Undetectable PTH levels rule out PHPT, but raise the possibility of
cancer-associated hypercalcemia, while elevated PTH levels in a patient
with a malignant condition suggest concomitant PHPT (Figures 1 and
2). Administration of oral calcium will suppress PTH in patients with
secondary hyperparathyroidism [32-36].

In addition, serum 25-hydroxyvitamin D, CrCl, chloride, protein
electrophoretic pattern, alkaline phosphatase, creatinine, uric acid and
urea nitrogen, urinary calcium, blood hematocrit, serum magnesium,
and erythrocyte sedimentation rate are valuable for diagnosis [36].
Elevated serum chloride is found in approximately 50% of patients
with PHPT because PTH decreases the resorption of bicarbonate in the
proximal renal tubule, thus increasing the resorption of chloride [36].
Plain-film radiography of the skeleton is not recommended; however,
BMD should be evaluated by a dual-energy X-ray absorptiometry
scan of the lumbar spine, hip, and distal radius [37]. Moreover,
renal ultrasonography or computed tomography (CT) scanning is
recommended if the history suggests nephrolithiasis [32-35]. Genetic
testing should be considered only in patients with recurrent disease,
multiple gland involvement, a young age, a family history of PHPT or
multiple endocrine neoplasia (MEN), or other features of MEN, to rule
out genetic disorders [32-35]. Furthermore, according to the National
Institutes of Health (NTH) guidelines, a 24-h urine collection to measure
calcium and creatinine is no longer required for all patients, although it
should be obtained if a concern for familial hypercalcemic hypocalciuria
(FHH) exists, as these patients do not benefit from parathyroidectomy
[33-35]. Patients with FHH are typically asymptomatic and have mild
hypercalcemia and a positive family history of hypercalcemia [38]. A
24-h urine calcium of less than 100 mg/L or a calcium-to-CrCl ratio of
0.01 is consistent with FHH [39]. Calcium Sensing Receptor (CASR)
DNA sequencing test can be considered to confirm or rule out a
suspected diagnosis of FHH [40].

Localization Techniques

Preoperative localization techniques should not be used to confirm
the diagnosis of PHPT, but should be considered to guide the endocrine
surgeon intraoperatively, to evaluate for ectopic glands, and to assist
in the planning of minimally invasive parathyroidectomy (MIP)
[40]. Nuclear (sestamibi) imaging using 99m technetium (99mTc) is
considered to be the standard technique for preoperative imaging of
parathyroid glands. In a dual-phase technique with 99mTc sestamibi
imaging, both the thyroid tissue and abnormal parathyroid tissue
incorporate 99mTc sestamibi quickly after intravenous administration.
Hyperactive parathyroid tissue has a slower washout rate compared
with thyroid tissue. Recently, 99mTc tetrofosmin was introduced,
with similar imaging protocols as 99mTc sestamibi, but with a
slightly different mechanism of accumulation in tissues. The 99mTc
sestamibi protocol has a sensitivity of 70-90%, and is may be affected
by underlying biochemistry, vitamin D deficiency, pedunculated
adenomas, mobile adenomas, superiorly located adenomas, thyroid
nodules, the small adenomas, and thyroid suppression before imaging
[41-43].

Several retrospective studies found that sestamibi scans are a useful
preoperative localization tool for PHPT, especially in cases caused by a
single adenoma. These studies reported that surgeon interpretation and
radiology experience increased the likelihood of localization [44,45-
47]. The authors recommend that sestamibi scans be reviewed by
experienced parathyroid surgeons, rather than relying on radiological
interpretation alone [45-47]. Anderson et al. reported 62% sensitivity
and 83% specificity of radiological interpretations [45]. Chen et al.
reported that the sensitivity of the surgeon (93%) was higher than both
high-volume (83%) and low-volume (72%) radiologists [46]. Neychev
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Table I: Genetic Mutations of Familial Hyperparathyroidism Disorders

Disorder Type of inheritance Gene
MEN1 AD MEN1
MEN1- variant AD CDKN1B/p27
MEN2A AD RET
HPT-JT AD HRPT2

HRPT2

FIHPT AD MEN1
ADMH AD CASR
FHH AD CASR
NSHPT AR/AD CASR

Chromosomal Location
11913
12p 12-13
1092110q11.2
1921-9321g25

1921-932119132p13.3-14

3q13-21
3q13-21
3q13-21

Protein
Menin

Receptor tyrosine Kinas
Parafibromin

Parafibromin

Calcium-sensing receptor
Calcium-sensing receptor
Calcium-sensing receptor

Abbreviations: MEN1, multiple endocrine neoplasia type 1 gene; MEN2A, multiple endocrine neoplasia type 2 gene; HPT-JT, hyperparathyroidism-jaw tumor syndrome;
FIHPT, familial isolated hyperparathyroidism; ADMH, autosomal dominant moderate hyperparathyroidism; FHH, familial hypocalciuric hypercalcemia; NSHPT, neonatal
severe hyperparathyroidism; AD, autosomal dominant; AR, autosomal recessive; CDKN1B/p27, cyclin-dependent kinase inhibitor 1B (p27Kip1); RET, RET proto-oncogene;

HRPT2, hyperparathyroidism 2 gene; CASR, calcium-sensing receptor gene.

Table II: Causes of Hypercalcemia

Category

Parathyroid Dependent

PTH Independent

Disorder

Primary hyperparathyroidism
Tertiary hyperparathyroidism
Vitamin intoxication
Granulomatous disease

Malignancy

Medications

Other hormone-related

Comments

Sporadic, or familial

Chronic renal failure or vitamin D deficiency
Vitamin A or D intoxication

Sarcoidosis, berylliosis, tuberculosis

Humoral hypercalcemia of malignancy mediated by PTHrP, especially lung, head
cancers, and renal cell tumors

Local osteolysis, mediated by cytokines like multiple myeloma, and breast cancer
Hodgkin's lymphoma

Thiazide diuretics, or lithium

Calcium antacids (Milk-alkali syndrome)

Hyperthyroidism, adrenal insufficiency, acromegaly, or pheochromocytoma

, and neck squamous

Genetic disorders

Familial hypocalciuric hypercalcemia

Immobilization, with high bone turnover, Paget's disease, bedridden child

Other
Parenteral nutrition

Abbreviations: PTHrp, parathormone related peptide
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Figure 1: Extracted Blue Node

et al. reported a sensitivity of 58.6% for nuclear medicine physicians,
compared with 81.9% for both a surgeon and a nuclear medicine
physician [47].

Parathyroid ultrasonography is an accessible, inexpensive, and
noninvasive test. Using a linear ultrasound transducer with a frequency
of 7.5-10 MHz, it localizes enlarged parathyroid glands and evaluates

Recovery phase of rhabdomyolysis

the thyroid gland to rule out any synchronous thyroid disease. Normal
parathyroid glands cannot be visualized by ultrasonography, but
parathyroid adenomas appear as hypoechoic or anechoic, discrete,
and oval homogenous hypervascular solid masses. Larger adenomas
may show cystic changes, lobulations, occasional calcifications,
and increased echogenicity because of fat deposition. However, the
sensitivity of ultrasonography fluctuates between 22% and 80%, because
itis user dependent and limited in its ability to localize retroesophageal,
retrotracheal, retrosternal, intrathyroidal, mediastinal, small, and
deep cervical glands [41,48,49]. Vitetta et al. found that sonography
performed by an expert was associated with an appreciably superior
diagnostic yield than 99mTc sestamibi [50]. Thus, ultrasound can be
used as the main method for preoperative localization of pathological
parathyroid tissues [50].

Classic CT is limited in imaging parathyroid adenomas, but four-
dimensional parathyroid CT (4DCT), in which four phases are used
to identify parathyroid lesions, can provide anatomical and functional
information on the parathyroid gland. CT scans identify parathyroid
adenomas in 90% of the cases. While false-positive findings can be seen
for thyroid nodule, tortuous vessel, or laterally displaced esophagus,
false-negative results can be seen in cases of small or ectopic adenomas
or distorted neck anatomy due to previous surgery. However, ionizing
radiation is a limitation of 4DCT for routine localization of parathyroid
disease; thus, it should be used selectively in patients whose parathyroid
glands are not localized on routine imaging. Single-photon emission
CT (SPECT) can help to differentiate the parathyroid gland from
thyroid tissue, with a sensitivity of 87% for solitary adenomas, 30% for
double adenomas, and 44% for multigland disease. Research shows
that a combination of SPECT and CT with various dual-phase imaging
can boost the accuracy of localization [43,51,52].
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Figure 2: Evaluation of Hypercalcemia

Magnetic resonance imaging (MRI) is a good choice for
imaging if there is a possible concern for radiation exposure or
nephrotoxicity. Typical MRIs involve axial images of the neck and
mediastinum. While normal parathyroids are usually not detected
on MRI images, parathyroid adenomas are seen as soft-tissue masses,
with low-to-medium signal intensity on T1-weighted images and
high signal intensity on T2-weighted images. After gadolinium
contrast administration, abnormal parathyroid glands show a strong
enhancement on T1-weighted images that are similar to conventional
T2-weighted imaging [42].

Parathyroid arteriography and parathyroid venous sampling are
invasive tests that should be offered only when the results of noninvasive
methods are negative. On angiograms, parathyroid adenomas appear as
hypervascular oval lesions with smooth margins. Selective PTH venous
sampling can be drawn to localize the hyperactive parathyroid gland.
A gradient of at least two-fold in PTH levels confirms the location of
hyperactive parathyroid tissue. Intraoperatively, a similar selective
technique can be performed to localize the hypersecreting parathyroid
gland and/or confirm curative surgical resection [53-55].

The IoPTH assay is used to determine the appropriateness of a
parathyroid tissue resection [56,57]. Numerous criteria have been
suggested to confirm the sufficiency of parathyroid resections [58];
however, the most widely accepted is the Miami criterion. With a 97%
accuracy rate, IoPTH is measured based on a 50% drop from an initial
PTH level reading to the level measured 10 min after gland excision.
When PTH levels remain elevated after an excision of the suspected
gland, a bilateral neck exploration may be necessary to locate the
remaining hypersecreting tissue [56,57]. The IoPTH test is also reliable
in mild cases, even if PTH is not elevated [59].

Management

Patients with serum calcium levels of 1214 mg/dL (33.5 mmol/L)

may not require immediate treatment if this elevation is chronically
well tolerated. However, an acute rise in calcium levels may lead to
dehydration or cardiovascular or neurologic complications, which
require more aggressive measures. In addition, patients with serum
calcium levels of >14 mg/dL (3.5 mmol/L) require treatment, regardless
of symptoms. Thus, patients with severe hyperparathyroidism-induced
hypercalcemia should be hospitalized, and urinary catheterization
and central venous pressure monitoring should be considered.
Initial treatment should include intravenous saline solution to
gradually replace lost fluids and increase urinary calcium excretion
[2,33,34,40,60,61]. Once fluid repletion is accomplished, loop diuretics
may be used to decrease renal calcium reabsorption and promote
urinary excretion. Calcitonin 200 IU once every 8 h may help to
decrease albumin-adjusted calcium. Bisphosphonates, corticosteroids,
calcium chelators, or dialysis are occasionally indicated in severe
cases [2,33,34,40,60,61]. Patients must be closely monitored for
complications caused by aggressive diuresis, including hypokalemia,
hypomagnesemia, and acute renal insufficiency [2,33,34]. However,
parathyroidectomy is the only curative therapy, with a success rate of
95-98% [40,41]. To prevent the progression of systemic complications
of PHPT, parathyroidectomy should be performed as soon as the
patient is diagnosed. Parathyroid surgery is successful if calcium levels
remain normal after 6 months [2,33,34,40,60,61].

All patients with symptomatic PHPT, significantly elevated calcium
levels,kidneyorbonedisease, or parathyroid cancershouldbe considered
for surgery [33,34,40,60]. In asymptomatic PHPT, parathyroidectomy
is a suitable treatment for patients with no contraindications to surgery.
However, the NIH’s 2008 modified guidelines recommend surgery for
asymptomatic patients who have a serum calcium that is >1.0 mg/dL
(0.25 mmol/L) above the upper limit of normal, a CrCl of <60 mL/
min, a T-score of < 2.5 at any site, a previous low-trauma fracture, or
an age of <50 years [2,33,34,40,59]. Conversely, Macfarlane et al. [62]

J Surgery
ISSN: 1584-9341 JOS, an open access journal

Volume 11 « Issue 1+ 1



discussed the guidelines’ consequences and reviewed the available data
showing that patients with normocalcemic hyperparathyroidism have
a low risk of progression to overt disease; however, the patients’ long-
term risks were not well defined. In fact, the authors found that studies
to suggest that asymptomatic PHPT patients have a higher incidence of
cardiovascular morbidity and mortality, which might be predicted by
PTH levels. Furthermore, the authors proposed that surgery decreases
fracture risk and can improve neuropsychological symptoms, and
concluded that long-term, randomized, controlled trials are needed to
support the safety of medical surveillance are needed to support the safety
of medical surveillance and some patients’ progress with time [62].

Surgical options

Either general or local anesthesia can be used for patients
undergoing parathyroidectomy. Local anesthesia, via a subcutaneous
injection of 1% lidocaine over the intended incision and along the
anterior and the posterior borders of the sternocleidomastoid muscle,
ipsilateral or bilateral, is used for patient preference or comorbidities.
For complications such as technical complications or toxic reactions
to lidocaine, unexpected findings, or patient discomfort, general
anesthesia should be considered [40-42,60,63].

Parathyroidectomy may be performed wusing different
techniques, and either general or local anesthesia can be used.
The standard procedure for PHPT is bilateral neck exploration,
performed under general anesthesia, which is the best choice for
patients with inherited hyperparathyroidism or multigland disease.
Subtotal parathyroidectomy (i.e., removal of 3.5 glands) or total
parathyroidectomy with autotransplantation of parathyroid tissue at a
distant site (e.g., the forearm or sternocleidomastoid muscle) may be
performed. A transverse incision of 2-4 cm in length above the sternal
notch is made, following the skin lines across the anterior neck. The
tracheoesophageal groove, the paraesophageal area, the carotid sheath,
and the thymus should be explored if a gland is missing. Cervical
thymectomy can be performed if a gland is missing in the first surgery,
but mediastinum exploration should only be performed in patients
who have a gland clearly localized to the mediastinum [40,60,64].

MIP allows patients to undergo focused parathyroidectomy and
has the benefits of a smaller incision, a shorter operation duration, a
shorter length of hospital stay, and fewer complications; it is also more
cost-effective than the standard four-gland exploration [40,43,47]. A
small incision is usually made ipsilateral to the preoperative localized
adenoma. MIP surgery can be performed through central or lateral
neck incisions and has a 97% success rate with minimal morbidity
and no procedure-specific complications. Preoperative localization is
critical in this situation, because most of the neck is not explored, given
the focused nature of the procedure [40,43,64-66].

In radioguided parathyroidectomy, 99mTc sestamibi is used as a
radiotracer and the parathyroid adenoma islocalized based on detection
of the radiotracer. For intraoperative gamma detection, patients are
injected intravenously with a low dose of 10 mCi 99mTc sestamibi
approximately 1-2 h before the operation. For patients who receive a
20 mCi dose of 99mTc sestamibi for preoperative localization, surgery
should be postponed for at least 3 days. Intraoperatively, the gamma
probe can be inserted through the incision to perform radionuclide
and in vivo counts based on the background count. An in vivo-to-
background percentage of >150% strongly suggests a parathyroid
adenoma. After excision of the identified parathyroid gland, the gland
counts are measured by the top of the gamma probe while directed
away from the patient to determine ex vivo counts; a count of >20% of
the background suggests a parathyroid adenoma, based on the “20%
rule” [66-69].

Video-guided (endoscopic) parathyroidectomy is comparable to
MIP in operative success, incision length, postoperative pain, cosmetic

results, and complication rates. This approach facilitates recognition
of recurrent laryngeal nerve and blood vessels surrounding the
parathyroid glands, but it is slower. It is contraindicated in patients with
previous neck surgery, negative preoperative localization, or a large
goiter, or in patients who need local anesthesia [65,69]. Video-guided
parathyroidectomy can be performed by using several techniques. The
anterior approach permits bilateral exploration and does not need gas
insufflation [70,71]. Camera and endoscopic instruments can be used
through a 10-15-mm incision just above the sternal notch [40,60,70].
The lateral approach uses camera and endoscopic instruments through
one 5-mm and two 2-mm incisions near the sternocleidomastoid
muscle, allowing the surgeon to visualize the glands located posteriorly
in the tracheoesophageal groove. The lateral approach requires
low pressures of gas insufflation of the neck to avoid significant
subcutaneous emphysema [40,71]. Though technically challenging, the
best approach for patients who want to avoid having neck scars is the
transaxillary approach [72].

Postparathyroidectomy management

It is vital to ensure that there is no expanding hematoma in the
surgical wound. Antiemetics should be used to limit nausea and
vomiting, which can lead to suture dislodgement. The majority of
endocrine surgeons prescribe oral calcium supplements for a few weeks
or vitamin D supplements in patients with very low postoperative PTH
or a high risk of postoperative hungry bone syndrome. Patients should
be re-evaluated 1-2 weeks after discharge to check the surgical site
and serum calcium and PTH levels. Serum calcium and PTH levels
should be reassessed after 6 months to confirm cure, and then annually
to ensure that they remain normal and that abnormal tissue has not
regrown. A follow-up bone density test is suggested at 1 year after
surgery to guide the treatment of bone loss [2,13,15,33,34,40,60].

Complications

Despite a low incidence rate of 1%, bleeding and hematoma
formation are fatal complications of neck surgery, as a rapidly
expanding hematoma can lead to venous congestion and airway
compromise. Careful intraoperative hemostasis is vital, as well as
immediate bedside evacuation with subsequent exploration and
closure [73]. Temporary or permanent recurrent laryngeal nerve
injury and hoarseness are caused mainly by errors surrounding the
varied anatomy of the recurrent laryngeal nerve and its relationship to
the thyroid gland. Although intraoperative recurrent laryngeal nerve
monitoring devices may help the surgeon to identify the nerve, there
are no clear data to support that the use of such devices reduces the rate
of nerve injury during parathyroid surgery [74].

Transient or permanent hypoparathyroidism and hypocalcemia
occur frequently after subtotal or total parathyroidectomy because of
ischemic injury to healthy parathyroid gland(s). Preservation of one
gland is sufficient to maintain normocalcemia. The immediate primary
treatment of postoperative biochemical hypocalcemia is calcium
and/or vitamin D supplementation. Appropriate patient education
on the symptoms of hypocalcemia and the liberal use of calcium
replacement therapy is necessary prior to discharge [75]. Parathyroid
cryopreservation can be used in patients who have a high risk of severe
postoperative hypocalcemia [76].

Persistent or recurrent disease has an incidence ranging from
1% to 10% [77]. Following parathyroidectomy, hypercalcemia within
6 months is defined as persistent disease and hypercalcemia after 6
months is defined as recurrent disease. Persistent or recurrent disease
may be caused by surgeon inexperience, incomplete exploration, or
supernumerary glands. Preoperative parathyroid surgery in these cases
presents a challenge, as dense scar tissue and distorted tissue planes
obscure intraoperative localization [78-80].
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Special conditions in parathyroid surgery

In persistent or recurrent cases, cure rates decrease as the number
of previous neck operations increases [78-80]. Thus, numerous
protocols have been suggested to improve surgical outcomes in
patients who require reoperation. While one proposal includes
mandatory 99mTc sestamibi scanning and cervical ultrasound before
the operation [78], other protocols recommend a series of CTs, MRIs,
and selective venous sampling until localization is achieved [79]. Many
groups have reported appropriate, safe, and effective outcomes if
both accurate preoperative imaging and IoPTH are used [78]. Medial
cervical incision is the standard approach, as it allow bilateral cervical
exploration, although some surgeons prefer to use the lateral approach
to avoid scar tissues and achieve better posterior access to the thyroid
bed [78,79]. In addition, several surgeons recommend radioguided
parathyroidectomy in the reoperative setting [67-69]. A video-assisted
thoracic approach, median sternotomy, or partial sternal split may be
needed in some cases [70,81].

In parathyroid carcinoma, the most common surgical approach is
aggressive en bloc tumor resection, which includes an ipsilateral thyroid
lobectomy and resection of adjacent soft tissues, perhaps including the
recurrent laryngeal nerve, esophageal wall, or strap muscles if the tumor
is adherent [17]. In pediatric patients, the standard of care is bilateral
neck exploration; however, because data were primarily obtained
from patients with PHPT resulting from single adenomas, focused
parathyroidectomy is ideal to minimize scarring and postoperative
complications [82,83].1In the elderly, surgery has a high cure rate, low
morbidity, no mortality, and a short length of hospital stay. Surgery
was found to be optimal relative to medical management when life
expectancy reached 5 years for outpatients and 6.5 years for inpatients
[84,85]. Finally, in pregnant women, a cervical ultrasound can be used
for preoperative localization, and surgery is the treatment of choice
during the second trimester [30].

Medical therapy options

In patients who are not candidates for surgery or those unwilling
to undergo parathyroidectomy, treatment recommendations include
annual serum calcium and creatinine testing and BMD measurement
every 1-2 years. Patients should be encouraged to maintain a normal
intake of calcium. Medical management includes: 1) bisphosphonates
and hormone replacement therapy to decrease bone turnover and
improve BMD, although they do not decrease serum calcium or PTH
levels; 2) cinacalcet to reduce serum calcium and PTH levels and raises
serum phosphorus levels, although it does not reduce bone turnover
or improve BMD [79]. Cinacalcet reduces PTH secretion by binding
the calcium-sensing receptor (CaR) of parathyroid cells [86]. In a
multicenter, randomized, double-blind study evaluated the effect
of cinacalcet on PHPT patients found that there were no significant
changes in BMD. However, after 52 weeks of treatment normal serum
calcium levels were achieved in 73% of patients, and serum PTH
decreased by only 7.6% [87]. 3) Vitamin D should be measured and
replaced if the pre-parathyroidectomy vitamin D level is <20 ng/mL or
<50 nmol/L [88].

Ultrasound-Guided Ethanol Ablation

Ultrasound-guided ethanol ablation is an alternative therapy for
PHPT in patients with MEN type 1, recurrent disease, or extreme
morbidity who cannot receive surgical or medical treatment. The
parathyroid tumor is localized by ultrasound and the tumor is
percutaneously injected with ethanol; however, this method has a very
low cure rate, requiring close follow-up of serum calcium and possibly
repeat treatments [89]. Moreover, Harman et al. and Karstrup et al.
reported recurrent laryngeal nerve injury in 5.6-7.1% of patients with
PHPT who underwent percutaneous alcohol ablation [89,90].

Kumar S, et al.

Conclusion

PHPT is the most common cause of outpatient hypercalcemia.
Currently, PHPT is being identified during the asymptomatic stages,
due to the widespread use of screening tests; however, it is associated
with high mortality due to its systemic complications. Hypercalcemia
should be evaluated carefully to confirm the diagnosis, identify the
cause, and rule out hereditary disorders. Many advances have been
made in the diagnosis and management of this condition, but PHPT in
all of its variants remains a surgically managed disease. Recurrent and
persistent diseases are uncommon, but present numerous challenges.
Future research is needed to identify the best treatment, minimize
complications, and improve quality of life.
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