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Abstract
Primary hyperparathyroidism is a common problem that is a result of the exces-
sive secretion of parathyroid hormone (PTH) from the parathyroid glands. This 
is most commonly caused by a single hypersecreting adenomatous gland. Most 
all patients with primary hyperparathyroidism meet criteria for surgery. The best 
operation should provide the highest rate of cure with the lowest rate of compli-
cations. The standard surgical approach has traditionally been a four-gland 
exploration. Though this method has endured many years of excellent cure rates, 
it has been challenged because a long-lasting cure is possible with the removal of 
a single adenoma in the majority of cases. Thus, a focused exploration via an 
image-guided, open unilateral exploration employing intraoperative PTH 
(ioPTH) monitoring has gained popularity over the last two decades. Specifically, 
ioPTH monitoring has been shown to be paramount to this approach, enabling a 
more limited exploration by accurately guiding gland excision and predicting 
postoperative cure. Several large series of focused parathyroid operations have 
shown excellent, durable cure rates similar to standard four-gland exploration. 
Focused exploration guided by ioPTH is a safe, effective technique that is recom-
mended for most patients with sporadic primary hyperparathyroidism.
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�Population: Patients with Primary Hyperparathyroidism 
Undergoing Surgery

�Epidemiology

Primary hyperparathyroidism is a common problem with 100,000 new cases 
detected annually in the United States [1]. It is the third most common endocrine 
disorder, and the most common cause of hypercalcemia in the nonhospitalized 
patient [2]. It is more common in women than men. Prevalence depends on the age 
of the population being studied. It is present in about 1 out of every 500 women and 
1 out of every 2000 men over the age of 40 [3]. The typical patient is a postmeno-
pausal female.

For decades after its initial description as a medical disorder, primary hyperpara-
thyroidism was diagnosed after bone or renal complications produced symptoms. 
However, as routine calcium screening became more common with the advent of 
automated multichannel analysis in the early 1970s, there was a significant increase 
in its incidence. As an example, the annual incidence rose from 15 per 100,000 
person-years before 1974 (prescreening) to a peak of 112 per 100,000 person-years 
in 1975 following the introduction of calcium screening in the population of 
Rochester, Minnesota [4]. This was attributed to the identification of previously 
unrecognized patients with asymptomatic hypercalcemia and primary hyperpara-
thyroidism [5]. Furthermore, in this Rochester population, the proportion of patients 
presenting with classical symptoms or complications of primary hyperparathyroid-
ism decreased from 22% in the prescreening era to 6% thereafter [4]. A more recent 
study from a racially mixed population in Southern California showed that the inci-
dence of primary hyperparathyroidism tripled during the study period from 1995 to 
2010, increasing from 76 to 233 per 100,000 female-years and from 30 to 85 per 
100,000 male-years [6].

�Pathophysiology

Primary hyperparathyroidism is the result of excessive secretion of parathyroid hor-
mone (PTH) from one or more parathyroid glands. Chief cells in the parathyroid 
gland release PTH mainly in response to low extracellular calcium detected by a 
calcium-sensing receptor (CaSR) on their cell membranes. Other stimuli of PTH 
secretion include low levels of 1,25-dihydroxyvitamin D and hypomagnesemia. 
PTH along with vitamin D and calcitonin regulate serum calcium and phosphorus 
levels through their interactions with three target organ systems—the skeleton, the 
kidneys, and the gastrointestinal tract. In the bone, PTH stimulates bone resorption 
via increased osteoclastic activity. In the kidney, PTH promotes tubular reabsorp-
tion of calcium and the hydroxylation of 25-hydroxyvitamin D but inhibits phos-
phorus absorption. Finally, PTH indirectly stimulates calcium absorption from the 
gut by increasing 1,25-dihydroxyvitamin D production. As a result of these interac-
tions, PTH serves to increase serum calcium and reduce serum phosphorus. With 
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rising calcium levels, feedback inhibition of the CaSR on chief cells normally 
results in a decrease in PTH secretion.

Failure of this feedback regulation permits inappropriately high levels of PTH 
release. Primary hyperparathyroidism results from the autonomous production of 
PTH from one of three different pathologic lesions: parathyroid adenoma, parathy-
roid hyperplasia, or parathyroid carcinoma. Single gland adenomas are the most 
common cause (accounting for 75–85% of cases); double adenomas are seen in 
2–12% of cases, and three gland adenomas represent less than 1–2% of cases. Four-
gland hyperplasia is seen in up to 15% of patients with primary hyperparathyroid-
ism, and parathyroid carcinoma is rare—accounting for approximately 1% of cases 
[2]. In the majority of patients, primary hyperparathyroidism arises spontaneously, 
and no known cause is identified to explain the loss of calcium sensitivity at the 
glandular level. Some authors have found an association between exposure of the 
head and neck to ionizing radiation and the future development of hyperparathy-
roidism [7]. Although the etiology of sporadic primary hyperparathyroidism is 
unclear, it is certainly different from secondary or tertiary hyperparathyroidism 
caused by chronic renal insufficiency and from familial disorders like multiple 
endocrine neoplasia (MEN) with identifiable genetic abnormalities.

�Diagnosis

�Clinical Manifestations

In the United States, most patients lack the classic clinical manifestations described 
by Fuller Albright such as osteitis fibrosa cystica, nephrolithiasis, peptic ulcer dis-
ease, pancreatitis, gout and neuromuscular weakness [8]. At first, primary hyper-
parathyroidism was a disease of the bones, but it soon became evident that kidney 
stones were more common. Historically, the classic pentad of symptoms included 
painful bones, kidney stones, abdominal groans, psychic moans, and fatigue over-
tones. Constipation, anorexia, polyuria, depression, fatigue, and weakness are mani-
festations of hypercalcemia in general. Only symptoms of fatigue, bone pain, and 
weight loss seem to correlate with the severity of hypercalcemia [9]. It is estimated 
that approximately 20% of patients with primary hyperparathyroidism present with 
symptoms from kidney stones, bone disease, or proximal neuromuscular weakness 
[10–12]. Nephrolithiasis is the most common complication (15–20%) and less than 
5% of patients present with osteitis fibrosa cystica. The clinical presentation often 
differs drastically in developing countries that do not have access to routine calcium 
screening. In these situations, the search for classic symptoms unveils the disease 
[13]. Perhaps these geographical differences in presentation can be explained to 
some degree by evidence suggesting the disease is more severe in countries where 
hypovitaminosis D is more widespread [14–16].

Today, the classic skeletal consequence of primary hyperparathyroidism is 
really only seen in parts of the world where symptomatic disease predominates. 
Advanced primary hyperparathyroidism is characterized by osteitis fibrosa cystica 
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(generalized bone pain, fragility fractures, “brown” tumors; radiologic features 
include salt-and-pepper appearance of the skull, subperiosteal bone resorption of 
the phalanges, and tapering of the distal third of the clavicle). Although this 
classic feature is now rare in most places, skeletal involvement remains a critical 
aspect of the disease. Today, bone mineral density (BMD) testing has become a 
suitable method for the detection of skeletal complications of asymptomatic 
primary hyperparathyroidism. BMD measurement is now a standard of care for 
the evaluation of this disease [17]. Usually, bone loss is most prominent in the 
distal one-third of the radius (comprised mostly of cortical bone) and least evident 
at the lumbar spine (comprised mostly of trabecular bone) [18]. Despite data 
suggesting that the spine is relatively preserved, most studies have demonstrated 
an increased risk of fractures at all sites—trabecular bone of the spine as well as 
cortical sites (forearm, hip)—in patients with primary hyperparathyroidism [19–
22]. A longitudinal 15-year study out of Columbia revealed progressive BMD 
losses from cortical sites in 37% of asymptomatic patients over the entire study 
period [23].

Nephrolithiasis is a key component of the classic pentad of clinical features 
described previously, and the kidney remains a principal target of primary hyper-
parathyroidism. The kidney is the organ most likely to demonstrate overt clinical 
manifestations as a result of the effects of the disease today. Approximately 15% 
to 20% of patients with primary hyperparathyroidism experience nephrolithiasis. 
About 3% of patients with stone disease have primary hyperparathyroidism [24]. 
Kidney stone disease is multifactorial and cannot be explained purely by hyper-
calciuria. Nevertheless, hypercalciuria is a significant urinary risk factor for the 
development of calcium oxalate and phosphate stones. Nephrocalcinosis (miner-
alization of the renal parenchyma) seems to be much less common and not present 
until disease becomes severe. Primary hyperparathyroidism is associated with 
renal insufficiency as well; this is demonstrated by a decline in estimated glo-
merular filtration rate below 60 mL/min in up to 17% of patients suffering from 
asymptomatic disease [25].

Currently many authors believe that primary hyperparathyroidism is associated 
with cardiovascular disease, including hypertension, coronary artery disease, heart 
failure, left ventricular hypertrophy, atherosclerosis, valvular calcifications, and 
cerebrovascular accidents. Cardiovascular morbidity and mortality were increased 
in classical primary hyperparathyroidism, but the cardiovascular outcomes from 
mild or asymptomatic disease continue to be less clear [17]. Studies out of Scotland 
found increased cardiovascular mortality in primary hyperparathyroidism [26, 27]. 
Hypertension is frequently associated with this disease, even among those with mild 
disease [28, 29]. Some studies have found that left ventricular mass [30] and aortic 
valve calcification area [31, 32] correlate with PTH levels but do not seem to 
improve following parathyroidectomy. A recent study suggested that the carotid 
artery may be more affected than the heart, indicating that primary hyperparathy-
roidism may not initiate but could propagate intimal medial thickness and plaque 
thickness [32]. However, the degree to which these relationships exist along with 
the reversibility of such manifestations following surgical correction remains a 
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topic of considerable debate as most available data are observational. Thus, at this 
time, there is no evidence to suggest that cardiovascular function or structure should 
be routinely evaluated in the workup of primary hyperparathyroidism [14].

Today, around 80% of patients diagnosed in the United States are asymptomatic 
with mild hypercalcemia. Because a biochemical diagnosis is often made inciden-
tally in an asymptomatic patient, the history and physical seldom provide any 
insight into the diagnosis of primary hyperparathyroidism. However, vague or non-
specific effects on fatigue, cognition, and depression may be more common than 
previously thought [33].

�Initial Investigations

Primary hyperparathyroidism is often initially suspected after an incidental finding 
of elevated calcium on routine serum chemistry. The total serum calcium should be 
adjusted for any albumin abnormality. Although ionized calcium can be measured, 
most centers use total serum calcium concentration. For the hypercalcemic patient, 
a serum calcium should be repeated in conjunction with intact PTH (iPTH). A diag-
nosis of primary hyperparathyroidism is established by an elevated PTH concentra-
tion in a hypercalcemic patient or by a PTH concentration that is within the mid to 
upper end of normal range but inappropriately high for a patient’s degree of hyper-
calcemia. The second most common cause of hypercalcemia is malignancy, which 
can generally be ruled out by an elevated PTH level.

Other laboratory values that are useful in confirming the diagnosis of primary 
hyperparathyroidism include 24-h urine calcium excretion (elevated in approxi-
mately 25% to 35% of patients) and 25-hydroxyvitamin D levels (usually low-
normal range) [13]. Patients with primary hyperparathyroidism have a low or 
low-normal serum phosphorus level and an increased serum chloride-to-phos-
phorus ratio. Also, these patients exhibit a mild hyperchloremic metabolic aci-
dosis from renal bicarbonate wasting. Differential diagnosis of the hypercalcemic 
patient with an elevated PTH also includes familial hypocalciuric hypercalce-
mia (FHH), hyperparathyroidism secondary to lithium or thiazide diuretic 
administration, and tertiary hyperparathyroidism seen with end-stage renal 
disease.

Formally recognized in 2008, normocalcemic hyperparathyroidism has been 
detected most often through the evaluation of individuals with osteoporosis and 
recurrent nephrolithiasis [34, 35]. The diagnosis of normocalcemic hyperparathy-
roidism is a challenge. In order to make a diagnosis, all secondary causes of hyper-
parathyroidism must be ruled out, ionized calcium levels should be normal, and the 
serum 25-hydroxyvitamin D level should not be below the lower limit of normal. It 
is not yet clear whether patients with this normocalcemic variant in fact have an 
early form of primary hyperparathyroidism, and thus their calcium levels, if fol-
lowed long enough, would be expected to rise [36, 37]. However, this variant 
remains incompletely described with regard to its epidemiology, natural history, and 
management [17].
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�Natural History of Asymptomatic Primary 
Hyperparathyroidism Without Surgery

As mentioned previously, prior to the introduction of automated equipment for ana-
lyzing routine serum calcium levels, primary hyperparathyroidism was a symptom-
atic disorder in which debilitating bone disease, kidney stones, and muscular 
weakness were common. Throughout history, symptomatic patients have continued 
to undergo parathyroidectomy for prevention of disease progression and relief of 
symptoms. However, the majority of patients today seem to have a milder form of 
the disease and, thus, treatment decisions that are rooted in risk-benefit analyses 
hinge largely on the natural history of the disease. A prospective 10-year follow-up 
study was begun at the Mayo Clinic in 1968, and it showed that the majority of 
asymptomatic patients who were followed without surgery did well with no signifi-
cant disease progression [38]. Later, Rao et al. examined the course of 80 untreated 
asymptomatic patients for up to 11  years; there were no episodes of worsening 
hypercalcemia, renal function, nephrolithiasis, or densitometric indices during this 
period [39]. These studies and others like them validated the nonoperative surveil-
lance of mild asymptomatic primary hyperparathyroidism by reporting that rapid 
progression of biochemistry, symptoms, or metabolic complications is uncommon 
with borderline hypercalcemia.

However, a longitudinal 15-year follow-up study out of Columbia University 
Medical Center published in 2008 demonstrated that BMD in cortical sites (distal 
radius, femoral neck) declines over time in asymptomatic patients who do not 
undergo surgery regardless of administration of antiresorptive therapy, but BMD 
improves following parathyroidectomy [23]. Furthermore, 37% of asymptomatic 
patients in this study showed disease progression (i.e., developing one or more new 
indication for surgery during the study period) [23]. In another study, patients 
younger than 50 years of age were about three times more likely to have disease 
progression [40]. Several studies have provided more data on the natural history of 
untreated asymptomatic primary hyperparathyroidism [41–43]. Biochemistries may 
remain largely unchanged for up to 12 years, and BMD is stable for up to 8 years 
[23]. However, long-term observation seems suboptimal for skeletal outcomes. 
These data led to the consensus response that surgery is appropriate in the majority 
of patients with asymptomatic primary hyperparathyroidism despite evidence for 
biochemical and densitometric stability with nonsurgical surveillance because cur-
rent data suggests that this stability is not indefinite [44].

�Surgical Management of Primary Hyperparathyroidism

The approach to managing patients with primary hyperparathyroidism has under-
gone several changes over the last few decades. Yet, parathyroidectomy remains the 
only definitive cure [45]. There is universal agreement that all symptomatic patients 
should undergo surgery. However, the optimal treatment strategy for asymptomatic 
patients is less clear. In order to provide an evidence-based consensus on the 
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management of asymptomatic primary hyperparathyroidism, the National Institutes 
of Health (NIH) met in 1990, 2002, and 2013 to develop guidelines for the surgical 
treatment of this disease (Table  21.1). Surgery is also indicated in patients who 
refuse to undergo medical surveillance and in patients opting for an operation even 
if they do not meet any guidelines [14]. Following successful parathyroidectomy, 
kidney stone formation is reduced in those with a history of stones, bone density 
improves, fracture incidence decreases, and subjective improvements in 

Table 21.1  PICO table

P Population Patients with primary hyperparathyroidism undergoing surgery:
 � • Symptomatic primary hyperparathyroidism
 � • Asymptomatic primary hyperparathyroidism with following indications 

[14]:
 �   – Age <50 years
 �   – Serum calcium 1.0 mg/dL above the upper limit of normal
 �   – BMD by DXA: T-score <−2.5 at lumbar spine, total hip, femoral 

neck, or distal 1/3 of radius
 �   – Vertebral fracture by radiograph, CT, MRI, or VFA
 �   – Creatinine clearance <60 mL/min
 �   – 24-h urinary calcium >400 mg/day and increased calcium-

containing stone risk by biochemical analysis
 �   – Presence of nephrolithiasis or nephrocalcinosis by radiograph, 

ultrasound, or CT
I Intervention Four-gland exploration has served as the gold standard for several decades, 

demonstrating cure rates that range from 95 to 99% and a low risk of 
permanent recurrent laryngeal nerve injury (<1%) and permanent 
hypoparathyroidism (<0.5%)

C Comparator Focused exploration via an image-guided, open unilateral exploration 
employing ioPTH. With ioPTH monitoring, the surgeon can:
 � • Make an objective determination of cure in the operating room
 � • Often perform a more limited procedure with a potential to decrease 

risk of injuring the recurrent laryngeal nerves and other normal 
parathyroid glands

O Outcome A review of the literature comparing focused exploration using ioPTH 
monitoring to traditional four-gland exploration demonstrates the 
following:
 � • No statistically significant difference in persistent primary 

hyperparathyroidism, which ranged from 0% to 4% for focused 
exploration

 � • No statistically significant difference in recurrent primary 
hyperparathyroidism, which ranged from 0% to 4% for focused 
exploration

 � • No statistically significant difference in complications (recurrent 
laryngeal nerve injury, permanent hypoparathyroidism, cervical 
hematoma, wound infection, etc.)

Focused exploration guided by ioPTH is a safe, effective technique that is 
recommended for most patients with sporadic primary hyperparathyroidism 
(moderate quality GRADE recommendation)

 BMD bone mineral density, CT computed tomography, DXA dual-energy X-ray absorptiometry, 
MRI magnetic resonance imaging, VFA vertebral fracture assessment, ioPTH intraoperative para-
thyroid hormone
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neurocognitive elements as well as quality of life are noted [14]. Cardiovascular 
disease is one of the most common causes of mortality in patients with both treated 
and untreated primary hyperparathyroidism [46–51]. However, at this time, para-
thyroidectomy should not be performed for improvement of cardiovascular end-
points [14]. Even with these guidelines in place, there still remains no true agreement 
among practicing endocrinologists and endocrine surgeons about whether most 
patients should be referred for parathyroidectomy or surveyed while administering 
medical therapy. Furthermore, the majority of patients who meet surgical criteria 
are not undergoing surgery [52].

�Intervention: Four-Gland Exploration

When surgery is indicated, the surgeon must choose the appropriate operative 
approach. The best operation among these choices should give the highest rate of 
cure with the lowest rate of complications. Traditionally, since Felix Mandel’s 
report of the first successful parathyroidectomy in 1925, the surgical management 
of primary hyperparathyroidism involved a bilateral neck exploration with visual-
ization of all four glands and removal of one or more enlarged glands [53]. However, 
minimally invasive parathyroidectomy (MIP) has gained popularity with improve-
ments in preoperative localization techniques and the development of intraoperative 
parathyroid hormone (ioPTH) monitoring. The definition of “minimally invasive” 
encompasses procedures that use open, endoscopic, and robotic-assisted techniques. 
This chapter will focus on comparing a bilateral exploration with an image-guided, 
open unilateral exploration employing ioPTH, which will be referred to as a 
“focused exploration.”

�Technique of Four-Gland Exploration

This procedure relies on an expert understanding of parathyroid embryology as well 
as normal and variant anatomy of the glands. Upon establishing a diagnosis of pri-
mary hyperparathyroidism, preoperative workup should include risk stratification 
of undergoing anesthesia and possible endoscopic evaluation of the vocal cords.

At our institution, the patient is placed under general anesthesia and positioned 
with a roll beneath the shoulders and the neck extended. The neck is open via a sym-
metrical transverse collar incision overlying the thyroid isthmus, which is typically 
about two fingerbreadths above the suprasternal notch. The platysma is divided, and 
a skin-platysma flap is developed within a relatively avascular plane just deep this 
muscle. The cervical fascia is divided in the midline and strap muscles separated 
from the underlying thyroid as well as thymus. Next, the thyroid lobe on the side to 
be explored is rotated anteriorly and medially. Sometimes the ipsilateral middle 
thyroid vein must be divided to allow this maneuver. In order to facilitate identifica-
tion of the parathyroid glands, the surgical field should remain bloodless if possible 
because blood staining of the tissues can make exploration quite difficult.
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The right upper parathyroid gland is sought first, followed by identification of the 
right lower gland. With the thyroid rotated anteromedially, the surgeon examines 
the tissues posterior to the lobe. A thorough understanding of the relationships seen 
with both normal and aberrant parathyroid anatomy is critical. A delicate dissection 
is carried out in the usual locations first. However, when a gland is unable to be 
identified in its normal location, the search is continued for an ectopic gland. Any 
abnormalities should be investigated. Normal parathyroid glands are a light yellow-
brown color, whereas adenomatous glands take on a reddish-brown color. Suspicious 
fat lobules should be inspected and opened because the inferior parathyroid glands 
are often surrounded by thymic fat. The recurrent laryngeal nerve is not exposed 
routinely, but the surgeon must be familiar with its course so as to protect it from 
harm at all times. After both right-sided glands have been identified, the contralat-
eral neck should then be explored in a similar manner. In general, all four glands 
should be discovered before any gland is removed. When a solitary adenoma is 
found, the vascular pedicle of the gland is ligated and then resected. If more than 
one parathyroid gland is enlarged, they are resected, and normal glands are marked 
with a metallic clip to facilitate identification should re-operation be necessary. At 
least one of these normal-appearing glands should be biopsied and sent as frozen 
section to rule out parathyroid hyperplasia. A subtotal parathyroidectomy is per-
formed when all four glands are abnormal.

�Outcomes Following Four-Gland Exploration

The goal of parathyroid surgery is the excision of all hyperfunctioning glands so as 
to cure the patient’s disease, achieve normocalcemia, reverse metabolic complica-
tions, and relieve symptoms. The results for bilateral cervical exploration are 
outstanding.

�Cure Rates

Bilateral parathyroid exploration has served as the standard operation for a success-
ful cure of hyperparathyroidism for 90 years. The ultimate goal of parathyroidec-
tomy for primary hyperparathyroidism is to achieve postoperative eucalcemia that 
is both immediate and long-lasting. Although persistent and recurrent primary 
hyperparathyroidism are often presented as combined surgical outcomes, they are 
two very different entities. If elevated serum calcium is seen within the first 6 months 
postoperatively, then that patient is said to have persistent hyperparathyroidism. A 
failed initial operation is most often the result of surgeon inexperience, missed para-
thyroid adenoma (either in a normal or ectopic location), undiagnosed second ade-
noma, or misdiagnosis of parathyroid hyperplasia [54–57]. On the other hand, if 
hypercalcemia returns after 6 months of normocalcemia postoperatively, this is con-
sidered recurrent hyperparathyroidism. Whether this results from metachronous 
postoperative autonomous hypersecretion of a previously normally functioning 
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gland or from a synchronous additional latent abnormal gland that was previously 
unrecognized is a matter of debate. Multiple studies have demonstrated high surgi-
cal cure rates, ranging from 95% to 99%, with bilateral neck exploration and exci-
sion of all macroscopically enlarged parathyroid glands or histologically abnormal 
glands [58–65]. Recurrence following the traditional approach ranges from 0.4% to 
5% [58, 60, 62, 66–70]. The importance of an experienced surgeon cannot be over-
stated. In a 1988 study out of Scandinavia, it is clearly demonstrated that up to 70% 
of patients may fail to become normocalcemic in the hands of less experienced 
surgeons performing fewer than ten operations for primary hyperparathyroidism 
annually [71].

�Complications

Major complications following bilateral neck exploration and parathyroidectomy 
are rare. The overall combined perioperative morbidity is less than 4% in most 
reported series [45]. This rate may be slightly higher in the elderly patient undergo-
ing general anesthesia. Mortality is rare if not nonexistent in the majority of 
studies.

Hoarseness is a postoperative finding that is often indicative of a recurrent laryn-
geal nerve injury, which may be transient or permanent. Injury may be a result of 
crushing or traction as opposed to actual transection of the nerve [72]. However, this 
hoarseness may be the result of endotracheal intubation, which can have an inci-
dence up to 40% [73]. Permanent recurrent nerve injuries are generally reported to 
be less than 1% at the time of initial exploration [62–65]. Injuries involving the 
external branch of the superior laryngeal nerve are often subtle clinically and less 
likely to be reported [45]. Meticulous dissection by a surgeon well versed in the 
possible variations of the course of these nerves helps to avoid injury.

Postoperative hypocalcemia to some degree occurs relatively frequently, espe-
cially in patients who are severely hypercalcemic or chronically vitamin D deficient 
preoperatively. This is usually transient in nature and managed on an outpatient 
basis with oral calcium and vitamin D supplementation. Symptoms of hypocalce-
mia include perioral or digital paresthesias, anxiety, tetany, and seizures. Mild hypo-
calcemia is often caused by a transient relative hypoparathyroidism, resulting from 
a delay of normal parathyroid glands in returning to their baseline functional status 
after a period of suppression by hyperactive tissue. Permanent hypoparathyroidism 
is much less common but can occur secondary to ischemia from a failure to preserve 
the blood supply to normal parathyroid glands or following subtotal parathyroidec-
tomy for multigland disease with nonviable remnant tissue. In a study of 1112 
patients undergoing bilateral neck explorations for primary hyperparathyroidism, 
transient hypocalcemia was seen in 1.8% of patients with no patients suffering per-
manent hypoparathyroidism [63]. Other studies demonstrate similar results with 
permanent hypocalcemia rates less than 0.5% [60, 65].

Wound infections and neck hematomas are rare (<1%), but a potentially fatal 
airway obstruction can occur from a rapidly expanding hematoma that should be 
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managed emergently with evacuation if encountered. Despite the observed success 
and limited morbidity of this approach, there has been a steady worldwide trend 
toward a more focused, unilateral exploration.

�Comparator: Focused Exploration Using Intraoperative 
Parathyroid Hormone Monitoring

�Historical Perspective of Unilateral Exploration

The operative approach to parathyroid exploration has undergone a major shift over 
the past three decades. Although the bilateral neck exploration has endured many 
years of excellent cure rates, it has been challenged because a long-lasting cure is 
quite often possible with the removal of a single adenoma—accounting for up to 
85% of cases of sporadic primary hyperparathyroidism.

Unilateral neck exploration was initially advocated by Wang [74] and later by 
Tibblin [75] in the 1970s when an adenoma and a normal gland were found on the 
same side. The Lund University surgeons advocated for intraoperative oil red O 
staining of frozen sections of the macroscopically normal ipsilateral gland to 
exclude the possibility of multiglandular disease [75]. In principle, the goal was to 
restrict the neck exploration to the side with the solitary adenoma. At first, surgeons 
did not use localization studies, and so approximately half of patients had the cor-
rect side explored originally. If the wrong side was explored initially, an adenoma 
was sought on the opposite side. Then, there was a surge of interest in parathyroid 
localization with preoperative imaging. Early efforts often were of limited value 
leading to the often quoted remark by Doppman, an interventional radiologist, who 
said the “only localizing study necessary for primary hyperparathyroidism is to 
locate an experienced parathyroid surgeon.” [76, 77] However, over the following 
decades, we have seen a trend toward a focused exploration. This paradigm shift is 
primarily attributable to the advancements made in the accuracy of preoperative 
localization tests and availability of ioPTH monitoring.

�Preoperative Localization Tests

In an effort to improve the surgeon’s likelihood of initially exploring the correct side 
beyond that of mere random chance, preoperative imaging studies have been 
developed to guide the surgeon to the side with the adenoma. The strategy involves 
knowledge of and dissection on the side of the adenoma, thus reducing the operating 
time, cost, and possibly some of the morbidity associated with the procedure. No 
localization study should be regarded as diagnostic. These tests are meant for opera-
tive planning, and so it follows that they are unnecessary if a patient is not an opera-
tive candidate [78]. Thus, the surgeon in collaboration with the radiologist or nuclear 
medicine physician should be making the decisions regarding parathyroid localiza-
tion [45]. Preoperative imaging is not required for bilateral neck exploration in the 
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“virgin neck” because all four glands will be investigated intraoperatively. 
Consequently, localization is most appropriate when a focused approach or a reop-
erative neck case is planned.

Multiple imaging modalities are available for identifying the offending parathy-
roid gland(s). They can be divided into invasive and noninvasive tests. Noninvasive 
imaging studies include ultrasonography, technetium 99m (99mTc)-sestamibi scin-
tigraphy, computed tomography (CT), and magnetic resonance imaging (MRI). 
Invasive options consist mainly of selective venous sampling and parathyroid 
arteriography.

�Ultrasound
Cervical ultrasonography for the evaluation of parathyroid glands was first described 
in the late 1970s [79, 80]. Preoperative parathyroid ultrasonography was introduced 
at our institution a few years later, and we reported on our initial experiences with 
this technique between 1979 and 1988 [81]. Normal glands are uncommonly visual-
ized with this modality. Retroesophageal lesions are infrequently visible, and ultra-
sound cannot be used to locate mediastinal glands because it cannot penetrate the 
sternum. Parathyroid adenomas are characteristically homogeneous, hypoechoic 
structures with a peripheral rim of vascularity on ultrasonography employing gray-
scale and color Doppler imaging [82]. A meta-analysis that included 19 studies 
reporting results on parathyroid ultrasound demonstrated a pooled sensitivity and 
positive predictive value (PPV) of 76% and 93%, respectively [83]. This study 
included only patients at the time of initial presentation with primary hyperparathy-
roidism regardless of etiology, but another review of the literature [84] showed that 
sensitivity diminishes for patients with double adenomas (16%) and multiglandular 
hyperplasia (35%). Smaller gland size, ectopic gland location under the sternum or 
behind clavicles, and patient obesity have also been shown to limit the detection of 
abnormal glands [85].

Ultrasound is attractive because it is widely available, it is inexpensive, it does 
not expose the patient to ionizing radiation, and it can be performed by the surgeon. 
Also, concomitant thyroid pathology is seen in approximately 20% to 30% of 
patients with primary hyperparathyroidism [86]. Cervical ultrasound is a sensitive 
technique for evaluating the thyroid for synchronous nodules and preparing for the 
possibility of simultaneous parathyroid-thyroid surgery [87–89]. Although ultra-
sound has been successful in the localization of larger adenomas found within the 
neck in the absence of concurrent thyroid pathology, the accuracy of this modality 
is highly dependent on skilled sonographers performing and interpreting the study 
[81, 90–93].

�Sestamibi Scintigraphy
Young et al. initially described the ability to reliably locate parathyroid adenomas 
utilizing thallium-201 (201Tl) and 99mTc subtraction scintigraphy in 1983 [94]. In 
1989, Coakley et al. reported that 99mTc-sestamibi, which was being used for cardiac 
imaging at the time, also was concentrating within parathyroid tissue [95]. A variety 
of nuclear scintigraphic agents have been employed, but 99mTc remains the agent of 
choice today. Mitochondrial uptake of 99mTc-sestamibi occurs in both the thyroid 
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and parathyroid glands, but the radioisotope is retained longer by the mitochondria-
rich parathyroid glands. Normal parathyroid glands are not seen on sestamibi scin-
tigraphy, but hyperfunctioning tissue more avidly concentrates 99mTc-sestamibi. A 
review of the literature demonstrates a wide range of sensitivities for sestamibi 
scanning. One meta-analysis of 52 studies reported sensitivities from 39% to greater 
than 90% [96]. Parathyroid hyperplasia and multiple adenomas can cause false neg-
ative results [97], and concurrent thyroid disease, particularly follicular and Hurthle 
cell thyroid neoplasms, may result in false positive results [98, 99]. Another meta-
analysis found an overall sensitivity of 88% for single adenomas, 30% for double 
adenomas, and 44% for multiple gland hyperplasia [84].

Similar to ultrasonography, the advantages of 99mTc-sestamibi include wide-
spread availability and relatively low cost. Sestamibi scanning is less operator 
dependent than ultrasound, and its wider field of view facilitates the evaluation of 
ectopic glands, namely those in the mediastinum or retroesophageal locations [95]. 
Also, like ultrasound, sestamibi scintigraphy is more accurate in predicting the side 
rather than the quadrant of a single adenoma [100]. Scintigraphy does result in a 
modest dose of radiation.

Sestamibi scanning can be enhanced by three-dimensional imaging through its 
fusion with single-photon emission computed tomography (99mTc-SPECT or 
SPECT) and with CT (99mTc-SPECT/CT or SPECT/CT) to yield more readily inter-
pretable images as well as provide better anatomic detail. The additional dimension 
improves detection of ectopic glands and multiglandular disease along with overall 
sensitivity compared to planar imaging. A meta-analysis of 9 SPECT studies reports 
a pooled sensitivity and PPV of 79% and 91%, respectively, for this modality [83]. 
Another meta-analysis reviewing 24 studies showed a pooled sensitivity of 86% for 
SPECT/CT, which was superior to the sensitivities of SPECT (74%) and planar 
(70%) techniques [101]. Although these results are encouraging, SPECT/CT results 
in both increased cost and radiation exposure [78]. Also, by adding delayed sesta-
mibi scans (so called dual-phase imaging) or subtraction techniques to planar, 
SPECT, or SPECT/CT, even higher accuracy may be obtained by decreasing false 
positives that result from concurrent thyroid lesions or lymph nodes [102]. However, 
multiglandular disease remains difficult to image whether employing SPECT or 
SPECT/CT. Based on this data, dual-phase SPECT or SPECT/CT is often the pre-
ferred imaging modality for parathyroid localization prior to initial exploration by 
most surgeons.

�Computed Tomography
Although standard CT with intravenous contrast has been used in the evaluation of 
parathyroid adenomas, its sensitivity has been inferior to that of other techniques, 
and it exposes the patient to more radiation than other modalities. Yet CT can be 
helpful in visualizing mediastinal tumors as well as those in a retroesophageal loca-
tion. Four-dimensional CT (4D-CT) is an imaging modality that relies upon the 
characteristic rapid uptake and washout of contrast from parathyroid adenomas. The 
fourth dimension is time. 4D-CT seems particularly useful in reoperative neck cases 
where other initial imaging studies (sestamibi and ultrasound) fail to localize a 
tumor. In a study of 45 patients with primary hyperparathyroidism who had 
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undergone previous neck exploration, 4D-CT demonstrated 88% sensitivity for 
abnormal parathyroid glands compared to SPECT or neck US (54% and 21%, 
respectively) [103]. 4D-CT also seems highly effective in detecting the presence of 
multiglandular disease and the location of ectopic glands [104]. Compared to 
SPECT, 4D-CT results in a modest increase in total radiation dose; however, the 
radiation dose to the thyroid with 4D-CT is 57 times that of SPECT [105]. This 
must be considered particularly in young patients, who tend to have a higher risk of 
thyroid cancer [105]. In addition to the radiation exposure, 4D-CT is not widely 
available, and it is difficult to interpret.

�Invasive Localization
Venous catheterization with sampling for PTH, referred to as selective venous sampling 
(SVS), as well as parathyroid arteriography have largely been replaced by the above 
described noninvasive imaging modalities. However, these more invasive options still 
may play a role in lateralizing the side of disease in difficult reoperative cases with 
inconclusive, contradictory, or nondiagnostic noninvasive localization studies [78].

In summary, ultrasound, sestamibi scintigraphy, and CT scans are the most com-
monly utilized localization studies today [90]. The most preferred approach to 
localizing abnormal parathyroid glands in a patient with an initial diagnosis of pri-
mary hyperparathyroidism is combining 99mTc-SPECT with cervical ultrasound. 
Four-dimensional CT is reserved for equivocal or discordant initial imaging results. 
Preoperative localization is most commonly utilized today when a focused explora-
tion is planned or in patients with prior history of a neck operation. With experi-
enced sonographers and nuclear medicine physicians, the combination of SPECT 
and ultrasonography can accurately localize greater than 90% of single parathyroid 
adenomas preoperatively [106]. However, as discussed above, these localization 
studies may fail to recognize double adenomas and multiple gland hyperplasia. 
Moreover, nonlocalizing studies seem to be more common in patients with multi-
glandular disease [107]. Traditionally in cases of multigland disease, one-third of 
patients will have a negative scan, one-third will have a scan consistent with a single 
adenoma, and one-third will have a scan showing more than one abnormal gland 
[108, 109]. It should be emphasized that negative or discordant imaging studies 
should not discourage physicians from referring a patient to an endocrine surgeon 
[78]. Because the incidence of multiglandular disease is reported between 4% and 
30% [110–119], reliance on imaging alone appears to increase the operative failure 
rate [107, 120, 121]. Thus, other adjuncts have been applied to rule out multiglan-
dular disease intraoperatively.

�Intraoperative Localization Tests

�Intraoperative Gamma Probe
Some surgeons have promoted utilization of an intraoperative gamma probe as a 
useful aid in parathyroid exploration [122, 123]. Following the intravenous admin-
istration of 99mTc-sestamibi preoperatively, hyperfunctioning parathyroid glands are 
identified by a handheld gamma probe that assesses sestamibi uptake. However, the 
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expert panel constituted by the Committee of the Fourth International Workshop on 
the Surgical Management of Asymptomatic Primary Hyperparathyroidism does not 
advocate routine use of this technique [45]. It is an adjunct that may be employed in 
reoperative cases.

�Intraoperative Parathyroid Hormone Monitoring
A focused parathyroidectomy utilizes preoperative localization (where to start) and 
intraoperative PTH monitoring (when to stop) to guide operative success as well as 
to minimize dissection and time in the operating theater. Theoretically, once all 
hyperfunctioning tissue has been resected, the circulating levels of PTH should 
decline. If levels fail to decline, then additional hyperfunctioning tissue needs to be 
removed. Because of the short half-life of PTH (mean half-life of 3.5 to 4 min), it is 
ideal for monitoring intraoperatively in order to prove that surgical cure has been 
accomplished. Nussbaum and coworkers first described intraoperative measure-
ment of intact PTH in 1988 using a two-site antibody technique that proved more 
sensitive and specific than previous assays [124]. In 1991, Irvin et  al. modified 
Nussbaum’s technique and reported on a quick method for intraoperative PTH 
(ioPTH) monitoring as a “biochemical frozen section” that would provide feedback 
within 15 min [125]. A rapid PTH assay then became commercially available in 
1996, facilitating its widespread utilization in the operating room. Since this time, 
ioPTH has been employed more and more frequently during parathyroid surgery, 
particularly with focused exploration.

There are numerous assays available for intraoperative use today, but the princi-
ples underlying their use in the operating room are similar for all. The ioPTH assay 
confirms the resection of all hyperfunctioning parathyroid glands, helps to direct 
decisions regarding need for further cervical exploration, and allows for a focused 
unilateral parathyroid exploration. Furthermore, PTH levels can be analyzed from 
fine-needle aspirates or frozen sections to determine if suspicious tissue is indeed a 
parathyroid gland in the operating room rather than a lymph node or thyroid nodule 
[126]. Lastly, the assay can also be used to lateralize the side of the neck that is 
harboring hypersecreting tissue through the measurement of a jugular venous gradi-
ent in patients with equivocal preoperative imaging studies.

A considerable amount of controversy surrounds the criterion that should be 
used to predict operative success, as the accuracy of this surgical adjunct seems to 
depend on the timing and frequency of ioPTH measurements as well as the 
percentage drop in PTH levels from baseline values. An optimal algorithm for 
ioPTH monitoring is one that accurately validates cure—particularly for 
multiglandular disease—as well as minimizes unnecessary cervical exploration, 
resection of normally functioning parathyroid glands, operative time, and number 
of blood draws. In 1993, Irvin first described the “Miami criterion” that could be 
used to predict a postoperative return to normocalcemia [127]. This criterion is 
defined as a 50% or more drop in ioPTH from the highest of either the pre-incision 
or pre-excision level at 10 min after resection of all hyperfunctioning tissue [110, 
127]. Since this criterion was established, a significant amount of work has gone 
into defining the optimal interpretation strategy of ioPTH values. Several other 
authors have developed protocols for monitoring changes in ioPTH dynamics in 
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an attempt to better confirm operative cure (Table  21.2). Furthermore, scoring 
models that utilize either pre- or intra- operative variables are available to predict 
the likelihood of multiglandular disease and thus those most likely to benefit from 
further neck exploration [128, 129].

In the operating room, peripheral vein cannulation is most commonly used for 
collection of blood samples. Jugular venous sampling often demonstrates higher 
overall absolute ioPTH values when compared to peripheral samples, thus increas-
ing the time it takes ioPTH levels to decline adequately and possibly leading to 
unnecessary neck explorations. Vein access is kept open with saline infusion 
throughout the procedure. Only 2–3 mL of whole blood is needed for ioPTH mea-
surement, but prior to taking this sample 10  mL of blood is discarded to avoid 
sample dilution by saline infusion. The blood sample is placed in an 
ethylenediaminetetra-acetic acid (EDTA) coated glass tube. Routinely performing 
blood draws at specific intervals during parathyroidectomy allows for reliable 
analysis of intraoperative hormone dynamics. When following the Miami criterion, 
samples are most commonly taken at the following times: (1) before skin incision is 
made (pre-incision); (2) just before dividing the blood supply to the suspicious para-
thyroid gland (pre-excision); (3) at 5 min after excision of the suspected gland; and 
(4) at 10 min post-excision. During the 8 to 15 min of turnaround time for ioPTH 
assays, the surgeon can close the incision. Manipulation of the remaining normal 
parathyroid glands can falsely elevate PTH levels and delay hormone decline, thus 
manipulation should be avoided when closing. If the assumed criterion is not met 
with the 10-min level, then the surgeon should pursue further neck exploration by 
finding the other ipsilateral gland before moving to the contralateral side and employ 
the same protocol for each additional hyperfunctioning gland removed.

Table 21.2  Criteria for intraoperative parathyroid hormone (ioPTH) decline to predict cure

Miami criterion [110] An ioPTH drop by 50% or more from the highest of either  
pre-incision or pre-excision level at 10 min post-excision

Vienna criterion [113] An ioPTH drop by 50% or more from the baseline (pre-incision) 
within 10 min post-excision

Halle criterion [113] An ioPTH drop into the low-normal range (≤35 pg/mL) within 
15 min post-excision

Rome criterion [134] An ioPTH drop by greater than 50% from the highest pre-excision 
level, and/or ioPTH concentration within the reference range at 
20 min post-excision, and/or ioPTH less than or equal to 7.5 pg/mL 
lower than the value at 10 min post-excision

Wisconsin rule [132] An ioPTH drop by 50% or more from the baseline (pre-incision) at 
5, 10, or 15 min post-excision
 � • If the 5-min post-excision value is elevated above the baseline 

pre-incision value, then the “baseline” should be reset to this peak 
(5-min) value, and curative resection is then predicted by a 50% 
fall in the ioPTH level from the redefined 5-min ioPTH peak 
within 15 min of this peak (approximately 20 min after resection 
of the initial gland)

Mayo protocol [140] An ioPTH drop by 50% or more from baseline (pre-excision) to a 
normal (or near normal) level at 10 min post-excision
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The PTH level measured for diagnosis of primary hyperparathyroidism should 
not be used as the pre-incision sample. All values should be collected under the 
same conditions and using the same assay that will be utilized in the operating 
room. The second or pre-excision sample will help to capture any decrease or 
increase in circulating PTH that may have occurred during gland dissection. Refer 
to Table 21.3 regarding definitions used to calculate the accuracy of ioPTH. Carniero 
et al. proposed that inadvertent premature devascularization of the hyperfunction-
ing gland during dissection may result in a pre-excision value that has already 
fallen below the pre-incision value [110]. Riss et  al. reported that PTH spikes, 
defined as an increase in PTH exceeding 50 pg/mL before excision of the gland, 
resulting from the manipulation of hypersecreting glands may occur in 15% to 
50% of patients [130]. For example, the Miami criterion could incorrectly predict 
a cure (i.e., false positive) before removal of any tissue if the highest ioPTH value 
was to be obtained during one of these spikes. Also, one can debate whether this 
elevated ioPTH level is a true reflection of the patient’s PTH level, and so it fol-
lows that a 50% drop from this falsely elevated level might result in increased 
failure rates. Chiu and colleagues reported that always using the pre-incision level 
as baseline may actually detect more abnormal glands by reducing false positives 
[131]. On the other hand, spikes occurring at the time of adenoma removal might 
result in a delayed decay of ioPTH and incorrectly predict the presence of addi-
tional hyperfunctioning tissue (i.e., false negative), thus leading to unnecessary 
bilateral explorations [130]. To cut costs incurred by multiple measurements, 
some surgeons employ a protocol that does not include a pre-excision value. 
However, when a pre-excision level is not obtained, a 50% drop may not be 
obtained at 10 min post-excision because of the aforementioned PTH spike that 
may occur. A criticism of this method is that it results in too many unnecessary 
continued neck explorations [110]. Because this PTH stimulation may be the 
result of surgical manipulation as opposed to multigland disease, a few studies 
[45, 130, 132] recommend that the surgeon should attempt to wait for the ioPTH 
to fall below 50% of the pre-incision baseline value, especially if the suspicious 
gland was correctly located by preoperative imaging. The Wisconsin rule was 
developed to help obviate this potential pitfall and avoid any unnecessary explora-
tion [132]. Barczynski et al. showed that using the Miami criterion without adding 
15 and 20 min post-excision samples may contribute to a higher number of false 
negative explorations [115]. In addition, prolonged PTH clearance in patients 
with subclinical renal insufficiency may contribute to false negatives [130].

Table 21.3  Definitions used to calculate the accuracy of intraoperative parathyroid hormone 
(ioPTH) with the Miami criterion in predicting postoperative calcium levels

Operative success (normal or low 
calcium for ≥6 months postoperatively)

Operative failure (high calcium 
within 6 months postoperatively)

ioPTH drop 
by ≥50%

True positive False positive

ioPTH drop 
by <50%

False negative True positive
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The Miami criterion is the most commonly employed algorithm today [45]. 
In 2004, Irvin et al. reported that this criterion predicted postoperative calcium 
levels with a false negative rate of 2%, a false positive rate of 1%, a sensitivity 
of 98%, a specificity of 96%, and an overall accuracy of 98% [133]. However, 
there have been variable success rates reported in the literature utilizing this 
algorithm to predict cure, largely attributed to missed double adenomas or mul-
tiglandular hyperplasia [109, 114, 134–137]. For example, Siperstein et al. pub-
lished a large study to evaluate the prevalence of additional parathyroid 
pathology following focused parathyroidectomy by continuing with bilateral 
exploration with excision of additional enlarged glands despite a significant 
drop of ioPTH levels [114]. In this study, the authors suggest that unrecognized 
enlarged glands may be left in situ in at least 16% of patients, risking future 
recurrent hyperparathyroidism [114]. However, the Miami group claims that 
ioPTH monitoring does not miss multiglandular disease in a review of its 
10-year outcomes with a mean follow-up of 83 months where the recurrence 
rate was 3% [138]. In fact, the main cause of operative failures in another study 
by the Miami group was the surgeon’s inability to find the abnormal gland rather 
than missed multiglandular disease [139]. Other investigators have suggested 
stricter criteria or alternative interpretations so as to reduce the reported inci-
dence of false positives (i.e., failure to recognize multigland disease and achieve 
cure despite a sufficient drop in hormone levels) [113, 134, 135, 140]. Richards 
and colleagues reported on the Mayo protocol, stating that it had the highest 
sensitivity (96%), PPV (99%), and accuracy (95%) compared with other strate-
gies, including a 50% drop from baseline at 10  min post-excision [140]. 
Specifically, with respect to multiglandular disease, the Mayo protocol [141] 
may have a higher sensitivity (95%), specificity (100%), and accuracy (97%) 
compared to that reported by the Miami group—90%, 94%, and 92%, respec-
tively [110]. Another study suggests that even stricter criteria (post-excision 
ioPTH level that is ≥75% lower than baseline and within normal range) should 
be used to predict success when multiglandular disease is recognized [142]. 
However, stricter criteria than the Miami criterion were estimated to increase 
operative success by only 0.3% but significantly increase unnecessary bilateral 
explorations to 20% in one study [143]. In general, attempts at improving 
detection of multiglandular disease by lowering the number of false positive 
outcomes have resulted in an increased specificity but at the cost of further 
unnecessary neck explorations with prolongation of operative time through an 
increase in false negatives, lower sensitivity and lower overall accuracy [115].

Because the various criteria for ioPTH monitoring were not found to be equiva-
lent in predicting cure or detecting multiglandular disease, there have been multiple 
studies comparing these strategies [110, 113, 115, 131]. Barczynski et al. performed 
a retrospective review of the Miami, Vienna, Halle, and Rome ioPTH criteria [115]. 
This study found that the Miami criterion followed by the Vienna criterion had the 
highest overall accuracy in predicting cure (97% and 92%, respectively) while the 
Rome criterion followed by the Halle criterion was most useful in the intraoperative 
detection of multiglandular disease. In contrast, another study by Riss et al. found 
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that the Vienna and Halle criteria correctly detected multiglandular disease in 91% 
of patients, whereas the Miami criterion did so in only 57% of patients [113]. A 
criticism of some of these comparison studies is that the incidence of multiglandular 
disease ranged from only 4% to 7% [110, 113, 115, 117–119, 144, 145], whereas a 
rate of 15% to 30% is reported by other groups [111, 112, 114]. It is possible that 
these higher rates may overestimate the true incidence of multiglandular disease as 
these unrecognized enlarged glands are not necessarily hyperfunctioning, thus may 
not be contributing to hyperparathyroidism. Long-term follow-up data is needed to 
determine whether these are in fact “latent” adenomas increasing the chance for 
recurrence or just enlarged “nonsecreting” glands. Variations in multiglandular dis-
ease may also be associated with regional differences in vitamin D deficiency, 
familial disease, and referral patterns [140].

Another point of contention regards the role of ioPTH for the patient with con-
cordant imaging studies. In up to two-thirds of cases, both sestamibi and ultra-
sound imaging identify the same, solitary adenoma in patients with sporadic 
primary hyperparathyroidism. In this setting, a focused exploration without 
ioPTH monitoring has been shown to be successful in 96% of patients [108], and 
so some authors will not perform ioPTH monitoring for these patients with con-
cordant imaging studies because they feel it would be of little value [146, 147]. 
However, as discussed above, all hyperfunctioning glands cannot be accurately 
localized preoperatively in the majority of patients with multiglandular disease. 
Thus, ioPTH monitoring can help to solve this issue and improve operative success 
[107, 109, 121].

The quick intraoperative measurement of PTH dynamics has significantly altered 
the approach to parathyroidectomy in the management of primary hyperparathy-
roidism. In theory, not having to locate the remaining parathyroid glands after iden-
tification of an adenoma minimizes the extent of dissection, shortens the operating 
time, and lowers the risk of inadvertently injuring the recurrent laryngeal nerve or 
the other normal glands. With piqued patient interest in any surgical technique that 
can be converted to minimally invasive and with increased surgeon experience uti-
lizing ioPTH, focused parathyroidectomy has rapidly become an attractive alterna-
tive to bilateral neck exploration.

�Outcome: Comparison of Cure Rates and Complications 
Following Focused Versus Four-Gland Exploration

Since the mid-1990s, ioPTH has effectively guided an increasing number of sur-
geons who perform parathyroidectomy. Its popularity has continued to grow with 
90% of surgeons practicing a focused parathyroidectomy and 95% of high-volume 
surgeons using ioPTH monitoring today [140]. It seems that the focused approach 
with ioPTH monitoring has successfully replaced traditional bilateral cervical 
exploration in the surgical management of most patients with sporadic primary 
hyperparathyroidism and positive localization studies. As with any change in tradi-
tion, an evaluation of the long-term outcomes is necessary.
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�Cure Rates

In most studies, operative success is defined as continuous eucalcemia for at least 
6 months postoperatively. As mentioned previously, there is an important difference 
between persistent hyperparathyroidism (i.e., operative failure) and recurrent hyper-
parathyroidism. Many surgeons believe that focused parathyroidectomy is equally 
effective in immediately restoring normocalcemia as bilateral neck exploration. 
Table 21.4 summarizes the results of several studies comparing the operative suc-
cess of focused exploration using ioPTH with a bilateral approach in the manage-
ment of primary hyperparathyroidism. Cure rates exceeding 95% are possible with 
a focused exploration, and these data compare favorably to the reported cure rates 
after traditional bilateral neck exploration, which also typically range from 95% to 
99% [58–65, 70, 133]. When these two operative approaches are compared, there is 
generally no significant increase in operative success offered by a bilateral approach 
over a focused one [58, 61, 62, 70, 139, 144, 148, 149]. In fact, a few studies dem-
onstrated a marginally, but significantly, lower rate of persistent hyperparathyroid-
ism in patients undergoing focused parathyroidectomy [60, 133].

The most feared potential problem of the focused exploration is failure to iden-
tify multiglandular disease (i.e., a second adenoma or hyperplasia). This risk 
depends on the percentage of patients with multiglandular disease, the accuracy of 
localization studies in identifying multiglandular disease, and the accuracy of the 
ioPTH assay in detecting a residual pathologic parathyroid gland [150]. Studies 
involving traditional bilateral neck exploration, where parathyroidectomy is guided 
by surgeon experience and subjective interpretation of gland size as well as gross 
appearance, have consistently documented an incidence of multiglandular disease 
ranging from 15% to 30% [111, 112, 114]. However, when gland excision is guided 
by ioPTH, fewer parathyroid glands are resected with the incidence of multiglandu-
lar disease ranging from 4% to 7% [110, 113, 115]. If limitations in  localization 
studies and ioPTH truly miss multiglandular disease in at least 16% of cases at the 
time of surgery [114], then we would expect focused parathyroidectomy to demon-
strate higher rates of persistent hyperparathyroidism. In theory, multiglandular dis-
ease should not lead to recurrence because it represents the presence of more than 
one hypersecreting gland responsible for hypercalcemia at the time of parathyroid-
ectomy. Thus, if all of these glands are not removed, then persistent (not recurrent) 
hyperparathyroidism will result within 6 months postoperatively [144]. However, as 
demonstrated in Table  21.4, similar operative failure rates are seen with both 
techniques.

Despite excellent short-term results with utilization of ioPTH, which are challenging 
what the incidence of multiglandular disease truly is, some authors that espouse the 
bilateral approach argue that the low recurrence rates reported for a focused approach 
are due to a lack of long-term follow-up data. In fact, a concern over focused exploration 
leaving latent disease behind has led some surgeons to abandon it altogether in favor of 
a bilateral approach, which has proven durable historically [59]. Now that ioPTH moni-
toring has been commercially available for nearly 20 years, we have gained more insight 
into the recurrence rates to be expected from focused parathyroidectomy with this 
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surgical adjunct. Table  21.4 details several reports on recurrent disease following 
focused parathyroidectomy. The majority of these studies are retrospective in nature as 
very few prospective randomized control trials [62, 151] have been published specifi-
cally comparing focused exploration with ioPTH against bilateral exploration. A review 
of this data indicates that any “missed” glands, if they were truly undiscovered, require 
a long period of time (several years in some studies) to become physiologically active. 
In 2011, Udelsman [60] published his series on 1650 consecutive patients undergoing 
parathyroidectomy (of which 613 were performed in the standard fashion and 1037 
were focused with ioPTH) for sporadic primary hyperparathyroidism. He concluded 
that a focused parathyroidectomy employing ioPTH is a superior technique offering 
significant improvements in the cure rate compared to conventional surgery (99.4% vs 
97.1%). Schneider et al. [58] recently reported on the long-term results of 1386 parathy-
roid operations for primary hyperparathyroidism in an attempt to determine whether 
operative approach (focused exploration with ioPTH or bilateral exploration) influenced 
disease recurrence. Their conclusion was that neither technique independently predicted 
recurrence. Age, sex, preoperative PTH level, nonlocalizing sestamibi scan, and the 
number of glands removed were included in the multivariate analysis but did not inde-
pendently predict recurrence. However, the percentage decrease in ioPTH was protec-
tive against recurrent hyperparathyroidism with the optimal threshold determined to be 
a decline greater than 63%. Although many surgeons attribute failure to ioPTH, these 
data underscore the importance of this adjunct, as it was the only factor protective 
against recurrence for both the entire cohort (which included those undergoing four-
gland exploration) and those specifically undergoing a focused exploration [58].

�Complications

The routine use of bilateral exploration is not without risk. In theory, when a sur-
geon does not have to explore the contralateral neck because ioPTH predicts opera-
tive success, potential advantages include a lower risk of inadvertently injuring the 
remaining normal parathyroid glands or the recurrent nerves as well as a decrease in 
operative time. Although it seems intuitive that complications should occur less 
frequently with a unilateral approach, this remains a matter of debate. The mortality 
risk of parathyroidectomy is essentially zero, regardless of which technique is 
employed. The overall combined perioperative morbidity rate is less than 4% in 
most reported series, but this rate may be higher in elderly patients receiving general 
anesthesia [45]. If a single parathyroid gland is explored and resected, then there is 
no risk of permanent hypoparathyroidism. However, this no longer holds when 
ioPTH monitoring guides the surgeon to pursue dissection of the contralateral neck. 
A few studies [60, 64, 152] report a higher incidence of transient hypocalcemia with 
traditional surgery. Lund University surgeons reported that patients who underwent 
unilateral neck exploration had a lower incidence of early postoperative hypocalce-
mia that necessitated calcium supplementation than did those who underwent a 
bilateral approach. However, there were no significant differences with respect to 
complication rates between the two groups [64]. Udelsman demonstrated a trend 
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toward lower rates of postoperative hypocalcemia and recurrent nerve injury with a 
significant decrease in the overall perioperative complication rate, favoring a 
focused over a bilateral exploration [60]. Schneider et al. showed that more transient 
hypocalcemia occurred with a bilateral approach than with focused exploration 
(1.9% vs 0.1%, respectively). Furthermore, although there was no statistical signifi-
cance, there was documentation of bleeding and recurrent laryngeal nerve injury 
within the group that had a bilateral exploration but none of these complications 
were seen in the group that underwent a focused approach [152].

None of the prospective randomized controlled trials [64, 151, 153] have found 
a significant difference between focused and bilateral exploration for recurrent 
nerve injury. Unless specifically documented by postoperative serum calcium levels 
or progress notes, retrospective reviews relying on patient recall alone may be more 
likely to miss transient postoperative hypocalcemia and recurrent nerve deficits than 
randomized prospective controlled trials. Many surgeons also routinely prescribe 
oral calcium supplementation in the early postoperative period to limit the incidence 
of symptomatic hypocalcemia, which also minimizes the documentation of this 
complication. It seems that both approaches are safe and demonstrate minimal, but 
similar, overall complication rates with the vast majority experiencing an uncompli-
cated perioperative course.

�Other Advantages of a Focused Exploration

Some authors report on the potential benefits of improved cosmesis [151], less pain 
[151], decreased operative time [154], decreased costs [60, 133, 155], a decreased 
length of stay [60, 155, 156], and an improved quality of life [156] offered by a 
focused exploration. Finally, the rare patient who is not cured after a focused explo-
ration can generally undergo a simple, and technically less challenging, second 
operation that is performed in virgin tissue planes.

�Recommendations

Although surgeon judgment and experience remain critical to success in parathy-
roid surgery, enhancements in preoperative localization techniques along with 
ioPTH assays have facilitated the treatment of patients with sporadic primary hyper-
parathyroidism. Specifically, the intraoperative measurement of PTH has been 
shown to be a valuable tool available to the surgeon during parathyroidectomy and 
has largely supplanted the subjective evaluation of parathyroid hypersecretion based 
on gland size. It has enabled a more limited exploration by accurately guiding gland 
excision and minimizing tissue trauma. There are many large series of focused para-
thyroid operations guided by ioPTH that have shown excellent, durable cure rates 
similar to standard four-gland exploration. In fact, some studies have documented 
the superiority of the focused approach.

W. Barnes et al.



263

When making an evidence-based recommendation regarding the approach to 
parathyroidectomy based on the literature in Table 21.4, one important criticism is 
that the overwhelming majority of the data comes from retrospective reviews. This 
lack of randomization introduces some selection bias. The patients who are under-
going focused exploration in these studies are highly selected and include mainly 
patients with a positive localization study, no prior neck operations, and no familial 
component to their primary hyperparathyroidism. On the other hand, series involv-
ing the traditional four-gland exploration routinely include complex reoperative 
cases and multiglandular hyperplasia.

After employing the GRADE method for evaluating the quality of available evi-
dence, we found a lack of high quality data. More long-term data from prospective, 
randomized controlled trials are necessary to provide even higher-grade evidence in 
favor of one approach over another. The strength of a recommendation, however, is 
not necessarily determined by quality of evidence alone. It also relies on other fac-
tors, such as risk-benefit ratios, costs, and patient preferences. Thus, we are moder-
ately confident that a focused exploration is a safe, effective technique that is 
appropriate for most patients with sporadic primary hyperparathyroidism and likely 
to be comparable to four-gland exploration with regard to cure rates and risk of 
complications. A specific algorithm for monitoring hormone dynamics so as to 
accurately predict postoperative eucalcemia is essential. Also, the use of this tech-
nique generally requires adequate preoperative imaging and an experienced sur-
geon. Nevertheless, four-gland exploration remains a valuable technique, especially 
for those who have familial forms of primary hyperparathyroidism.
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