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KEY POINTS

� The gold-standard surgical management of primary hyperparathyroidism (10HPT) is cer-
vical exploration and identification of all 4 parathyroid glands.

� Imaging techniques, including ultrasound, sestamibi scans, and 4D-CT scans, have made
identification of single parathyroid adenomas possible.

� Intraoperative parathyroid hormone (PTH) monitoring is a method to confirm biochemical
cure before a patient leaves the operating room.

� There is some debate surrounding optimal surgical management of 10HPT because cure
rates between minimally invasive parathyroidectomy (MIP) and bilateral neck exploration
(BNE) are equivalent.

� Advantages of MIP include reduced operative time, reduced recovery time, less postop-
erative pain, and lower complication rate with respect to injury to parathyroid glands and
recurrent laryngeal nerves.
INTRODUCTION

10HPT is a common disease, with a prevalence as high as 3%.1 Many advances in the
surgical management of 10HPT have been made since the first parathyroidectomy
was performed by Felix Mandl in 1925.2 Traditional surgical management consists
of identification of all 4 parathyroid glands through a transverse cervical incision.3 Bet-
ter understanding of the disease, interest in the practice of endocrine neck surgery,
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and operative experience increased cure rates to greater than 95%.4–6 Surgery re-
mains the only cure for 10HPT because medical management ultimately fails.7

As in other areas of surgery, there has been a shift from the standard 4-gland explo-
ration to a more minimally invasive approach. The success rate of MIP rivals that of
BNE.8,9 Questions remain as to which approach is better. This primarily depends on
proved benefit of each operation over its shortcomings. With MIP, incisions are
smaller and recovery time is improved, but thesemay be achieved at the cost of higher
rates of persistence or recurrence. BNE may be less advantageous because MIP may
achieve a similar outcome with fewer complications. This article seeks to define MIP
and BNE and to compare them for advantages and disadvantages.
PATIENT EVALUATION

A diagnosis of 10HPT is made when the serum calcium level is elevated in the setting of
an inappropriately nonsuppressed PTH level. This results from overproduction of PTH
by 1 or more of the parathyroid glands. The incidence of 10HPT is increasing overall as
the population in the United States has aged, with incidence rates ranging from 0.7%
in the general population up to 3% in postmenopausal women.1,10,11 10HPT occurs at
a higher rate in women, at a 2:1 ratio,12 and is the most common cause of hypercal-
cemia in the outpatient population. Overall rates of hypercalcemia have also increased
as a result of a change in the calcium assay in the 1970s, leading to earlier diagnosis of
hypercalcemia.13 Thus, the presentation of symptomatic 10HPT changed from a dis-
ease that was typically associated with kidney stones and skeletal disease to one that
is asymptomatic.14 Associated symptoms may include fatigue, polydipsia, polyuria,
depression, generalize muscle weakness, joint pain, memory loss, nausea, and loss
of appetite,4,15,16 although these subtle symptoms are often found in the general pop-
ulation as well.
Hypercalcemia may occur as a result of other conditions, such as malignancy,

sarcoidosis, hyperthyroidism, and use of thiazide diuretics,17 and the diagnosis of
10HPT involves a comprehensive evaluation to eliminate these conditions as a cause
for hypercalcemia. 10HPT results in an overproduction of PTH, which stimulates bone
reabsorption, stimulates the production of vitamin D, inhibits renal excretion of cal-
cium, and stimulates intestinal reabsorption.18 Typically, PTH and its relationship to
serum calcium levels function in a negative feedback loop, where, once the
calcium-sensing receptor in the parathyroid gland perceives adequate levels of
PTH, hormone production ends. In 10HPT, both serum calcium and PTH are elevated,
or PTH is abnormally elevated relative to serum calcium level. This then differentiates it
from other conditions, such as malignancy, benign familial hypocalciuric hypercalce-
mia, vitamin D deficiency, and sarcoidosis, where either calcium or PTH may be
elevated independently. Careful interpretation of calcium levels relative to PTH levels
is necessary because the laboratory findings may be subtle as in cases of normocal-
cemic hyperparathyroidism and normohormonal hyperparathyroidism.19,20

Indications for surgical management of 10HPT are outlined in consensus group
guidelines written originally in 1990 and updated most recently in 2013.21–24

The most current international consensus guidelines recommend surgery if any of
the following criteria are met: age less than 50; calcium elevated to greater than
1 mg/dL above the upper limit of the normal range; reduced bone mineral density
with T-score less than �2.5 at lumbar spine, total hip, femoral neck, or distal radius;
creatinine clearance less than 60 mL/min; 24-hour urine calcium greater than
400 mg/d and increased stone risk by biochemical stone analysis; and presence of
nephrolithiasis or nephrocalcinosis by imaging24 (Table 1). Additionally, patients



Table 1
Summary of the most recent international consensus guidelines for the management of
asymptomatic primary hyperparathyroidism, 2013

Criterion Indication for Surgery

Age <50

Calcium >1 mg/dL above upper limit of normal range

BMD 1. T-score � �2.5 at any site (osteoporosis)
2. Vertebral fracture on imaging

Renal 1. Creatinine clearance <60 mL/min
2. 24-h Urine calcium >400 mg/dL 1 increased stone risk
3. Nephrolithiasis or nephrocalcinosis by imaging

Abbreviation: BMD, bone mineral density.
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who prefer surgery or are unable or unwilling to commit to follow-up should undergo
parathyroidectomy.

SURGICAL TREATMENT OPTIONS
Minimally Invasive Parathyroidectomy

Like many other surgical techniques, the approach to parathyroidectomy has evolved.
Although traditional parathyroidectomy includes a transverse cervical incision and
identification of all 4 parathyroid glands, a minimally invasive approach is performed
through a limited incision with the goal of removing the preoperatively localized
abnormal gland. A high degree of success is achieved as a result of both careful pre-
operative planning and because 85% of patients have a single parathyroid adenoma.
MIP may have more than 1 meaning, however. MIP is most traditionally thought of as a
parathyroidectomy done as a unilateral or focused neck exploration (FNE). Through a
2.5-cm transverse cervical incision, the preoperatively localized parathyroid adenoma
is removed. Dissection is focused at the anatomically localized site. The procedure
may be done under local or general anesthesia and is typically done as outpatient sur-
gery. Success of surgery is confirmed biochemically by intraoperative PTH (IOPTH)
monitoring. MIP may also mean minimally invasive video-assisted parathyroidectomy
(MIVAP) or robotic-assisted parathyroidectomy, although FNE is the most widely
applied technique.25 The majority of this discussion thus focuses on FNE. I0PTHmoni-
toring and application of imaging techniques in patients with 10HPT have made FNE
possible.
The short half-life of PTH, ranging from 3 to 5 minutes, has made IOPTH monitoring

a useful adjunct to parathyroid surgery, confirming a biochemical cure during opera-
tion. A rapid immunoradiometric assay was developed in 198726 and was successfully
applied during parathyroidectomy in a small series of patients.27 These investigators
suggested that a more limited approach might be taken in the surgical management
of 10HPT. Other groups applied the rapid assay routinely, and the FNE became a
more widely accepted operation.28,29 Subsequently, criteria for interpretation of
IOPTH results were developed. A PTH level is sampled at the outset of parathyroidec-
tomy; levels are then obtained at timed intervals after removal of the adenoma. Initially
implemented at the University of Miami,30 other criteria have been used by different
groups.31–33 Biochemical cure is established when PTH falls by at least 50% of the
highest pre-excision level and into the normal PTH range34; failure to do so may
miss multigland disease. The critically important step of application of IOPTH is to
use the same technique at each operation; use of a varied technique makes
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interpretation of results difficult and may lead to persistent disease. In cases of IOPTH
not falling appropriately, the operation is converted to a BNE.
Imaging studies are used in the operative planning of FNE and are not used to make

or confirm the diagnosis of 10HPT. Instead, a decision is made to operate and subse-
quently localization studies are obtained. As the interventional radiologist John Dopp-
man stated, “The only localization that a patient needs who has 10HPT is the
localization f an experienced surgeon.”35 There are multiple imaging modalities, how-
ever, available to the surgeon who plans FNE.
Sestamibi scintigraphy was the earliest routinely applied imaging modality in oper-

ative planning of FNE. Technetium 99m sestamibi is thought to be retained in the mito-
chondria of parathyroid adenomas, making visualization possible.36 Sestamibi
localizes parathyroid adenomas in up to 90% of patients37–39 but may be unrevealing
in patients with multigland disease or with small adenomas.40–42 Multidimensional im-
aging with the addition of single-photon emission CT (SPECT) to sestamibi scintig-
raphy improves sensitivity43 (Fig. 1). False-positive studies may be a result of
concomitant thyroid nodules or lymphadenopathy, and the addition of a second imag-
ing tool, such as ultrasound, may improve identification of abnormal glands.
Sestamibi-SPECT may be most useful in the identification of ectopic adenomas,
such as those in the mediastinum.
Ultrasound is commonly used for localization of adenomas. Ultrasounds are

portable, often available in a surgeon’s or endocrinologist’s office, do not expose pa-
tients to radiation, and cost less than nuclear medicine or multidimensional studies.
The accuracy is similar to that of sestamibi-SPECT, at 70% to 80%.44,45 Concomitant
thyroid pathology, including benign nodules and thyroid cancer, is identified on ultra-
sound in 30% to 50% of patients with 10HPT,46–48 and ultrasound-guided fine-needle
aspiration also may be used to aspirate suspected adenomas for PTH. When com-
bined with sestamibi-SPECT, accuracy of localization of an adenoma increases to
approximately 90%.49–51 Series demonstrate that concordant sestamibi-SPECT and
ultrasound have operative cure rates of 98% to 99%,52,53 suggesting that this may
be an alternative to IOPTH monitoring. The typical appearance of a parathyroid ade-
noma is shown in Fig. 2.
High-resolution CT with and without intravenous contrast (4D-CT) and MRI can

demonstrate parathyroid adenomas due to their contrast washout (Fig. 3). 4D-CT is
more sensitive than both ultrasound and sestamibi-SPECT for identification of ade-
nomas and may be useful to detect multigland disease.54,55 MRI is an option for local-
ization, although it is the least commonly used; this modality is best used in cases of
reoperative parathyroidectomy.
Additional techniques for MIP include radioguided parathyroidectomy (RP),

MIVAP, and robotic-assisted parathroidectomy. Like FNE, RP is an ambulatory pro-
cedure. Preoperatively patients are injected with technetium 99m sestamibi
approximately 2 hours before the procedure, and a scan is performed the day of
surgery. In the operating room, a gamma probe is used to measure activity of
the excised tumor compared with the central neck. IOPTH may be additionally
used to confirm biochemical success.56,57 MIVAP uses a small scope that is
inserted through the primary incision or a separate trochar to remove the preoper-
atively localized adenoma. There is more than 1 described technique to this
approach with similar success rates.58–60 Robotic assistance may be added to
an endoscopic technique or used alone.61,62 Compared with FNE, MIVAP and ro-
botic procedures add operative time and complexity as well as an increased
cost.46,63,64 Although groups have achieved outcomes comparable to FNE, they
are done in high-volume centers with a focus on these endoscopic and robotic



Fig. 1. Sestamibi-SPECT scan of a left inferior parathyroid adenoma. The arrow indicates the
parathyroid adenoma. the three panels are coronal (L) and sagittal (R) images. Each panel
represents the same anatomic site.
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procedures.65 The authors prefer FNE because it is a procedure applicable across
different practice types.
Bilateral Neck Exploration

BNE is the traditional operation for 10HPT and was the only option prior to the devel-
opment of IOPTH testing and reliable of imaging studies. The surgical technique is
essentially the same as MIP, although the operation is typically done through a larger
incision, at a minimum of 3 cm. Parathyroid glands are identified by the operating sur-
geon as abnormal if they are either larger than typical size of 30 to 50 mg or have
abnormal morphology. Most glands are identified in the expected anatomic location66;
if not, the gland may be ectopic. The exploration then continues in the typical locations
for ectopic parathyroid glands, including the thymus, anterior mediastinum, the



Fig. 2. Ultrasound of left superior parathyroid adenoma. The parathyroid is oval and hypo-
echoic relative to the thyroid.
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tracheoesophageal groove and retroesophageal space extending into the posterior
mediastinum, the carotid sheaths, and lastly the thyroid gland. All glands should be
identified before any are removed. Excision may involve removal 1 to 3.5 glands, as
described previously. IOPTH may be used as an adjunct to BNE and levels are inter-
preted in the same manner as in MIP to confirm biochemical cure.
BNE may be indicated rather than FNE in specific situations. Patients in whom FNE

is intended but have negative imaging studies need to undergo 4-gland exploration.
The risk of multigland disease is as high as 25% in these patients.67–69 Additionally,
patients who have conditions in which multigland disease or multiple adenomas are
expected should have BNE.70 These include multiple endocrine neoplasia (MEN)
types 1 and 2a, familial 10HPT, and lithium-induced hyperparathyroidism. Up to
90% of patients with MEN1 and 30% of patients with MEN2a have multiple adenomas
in any of the 4 parathyroid glands and thus benefit from BNE.71–73 In patients predis-
posed to multigland disease, debulking abnormal glands rather than resection to
achieve cure should be the goal, because MEN is a lifelong condition.74 Long-term
lithium therapy may cause hyperparathyroidism; because it is a systemic therapy it
may affect all 4 glands.75 Series demonstrate that more than half of patients treated
with lithium have 10HPT and benefit from BNE if treated operatively.76–78
Fig. 3. 4D-CT scan of right superior parathyroid adenoma on arterial phase. The arrow indi-
cates the parathyroid adenoma imaged on arterial phase.
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Surgeon preference may dictate the choice of BNE over FNE. This is a result of
some published evidence that there is a higher failure rate of FNE, and that unilateral
exploration may fail to identify multigland disease even with the addition of IOPTH.79

Some have reversed their preference of FNE versus BNE, stating that the rates of
persistence and recurrence are unacceptably high; however, IOPTH was not used
in this cohort.80 Furthermore, data suggest that BNE is more time-efficient in patients
who do not localize preoperatively.81

COMPARISON OF FOCUSED NECK EXPLORATION TO BILATERAL NECK EXPLORATION

In the United States, there is a trend toward the performance of FNE.25 Moreover,
there is a trend in surgical training programs toward surgeon-performed ultrasound,
use of IOPTH, and FNE.82 Thus, it is important to understand the differences in and
outcomes of FNE and BNE.

Outcomes

Generally, both FNE and BNE are low-risk procedures associated with good out-
comes. Complication rates overall are similar, likely because large published series
are performed by high-volume surgeons.83 In a series of 184 patients who underwent
FNE, the rate of persistent disease was 1.6%, permanent hypocalcemia 0.5%, and
permanent vocal cord paralysis 1%.84 This is similar to other groups, with reported
persistence rate of 1.5%, recurrence 6%, and permanent hypocalcemia 0.02%.85,86

In comparison, traditional BNE outcomes are also good, with rate of persistent dis-
ease of 6%. The rates of multigland disease in these reports were higher in patients
who underwent BNE versus FNE (10% vs 3%) due to surgeon evaluation of
abnormal-appearing glands.87 Similarly, other series have reported overall complica-
tion rates of up to 3%, including recurrent laryngeal nerve injury, postoperative hypo-
calcemia, and neck hematoma.88,89 Data from the endocrine surgery group at Yale
University reveal that cure rates are improved with FNE versus BNE at 1.45% versus
3.1% with similar low rates of permanent hypocalcemia and recurrent laryngeal nerve
injury.8 Additional series have compared these techniques through either randomized
or retrospective data with similar findings.5,8,90–93 These results are compared from
selected series in Table 2.

Cost

Variability exists between the costs of FNE versus BNE. Contributing to this are the
expenses related to anesthesia, hospitalization, use of IOPTH, and preoperative local-
ization studies. FNE may be performed under local rather than general anesthesia,
lowering treatment costs. Hospital admission adds to expenses; those patients under-
going BNE are more likely to be observed rather than discharged postoperatively.94

FNE requires preoperative localization with ultrasound and/or sestamibi scan or 4D-
CT as well as IOPTH to confirm success intraoperatively. There are mixed data
regarding application of imaging and IOPTH to FNE and their contributing costs. In
a large series of patients, overall cost was reduced by performing FNE by $1471.8

This same group reported a savings of almost $2700 in a prior series.88 Furthermore,
a cost-benefit analysis of FNE compared with BNE revealed that use of any localizing
study reduced cost of the procedure given the risk-reduction of recurrent laryngeal
nerve injury, permanent hypoparathyroidism, rate of persistent disease, and need
for reoperation.95 In addition, the preoperative localization strategy may be modified
to a less costly method; the most cost-effective tools are ultrasound alone or ultra-
sound along with 4D-CT.96,97 FNE may save time, thereby reducing expenses;



Table 2
Randomized and retrospective series comparing focused neck exploration and bilateral neck
exploration

Series Study Type Outcome

Westerdahl & Bergenfelz,90 2007 Randomized 5 Cure rate at 5 y

Bergenfelz et al,5 2002 Randomized 5 Cure rate; increased cost and
operative time in FNE; increased
postoperative hypocalcemia
with BNE

Slepavicius et al,91 2008 Randomized 5OR time and cure rate; increased
cost with FNE; increased
postoperative hypocalcemia
with BNE

Aarum et al,93 2007 Randomized 5 Cure rate; 5 complication rate;
increased cost with FNE

Grant et al,92 2005 Retrospective 5 Cure rate; 5 complication rate

Udelsman et al,8 2011 Retrospective Increased cure rate and lower
complication rate with FNE

Note that studies do not compare all similar outcome measures.
Abbreviations: 5, equivalent; OR, operating room.
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operative time for FNE has been reported lower than BNE.8,98 This reduction in oper-
ative time may further reduce expenses.99

There are conflicting data, however, that demonstrate cost reduction with BNE
rather than FNE. Preoperative localization studies are not necessarily required for
surgical planning for BNE.81 Initial operations for 10HPT did not use localization
because imaging techniques were not available.100 In a series of patients who
were randomized to localization with 2 studies versus no localization, there was
a 21% cost reduction if BNE rather than FNE with localization was performed.93

Similarly, in a retrospective study, BNE without localization significantly reduced
cost over FNE with localization, despite a reduced operating time.101 Other groups
have similar findings in their patient populations.102 IOPTH adds cost to the surgical
management of 10HPT, and it may not be necessary in BNE. In a cost-analysis
model evaluating IOPTH use versus BNE without IOPTH, success was marginally
increased and thought not statistically significant while increasing overall cost of
care by 4%.103

Consensus Guidelines

Recent consensus guidelines have made recommendations regarding optimal surgi-
cal approach. Both the European Society of Endocrine Surgeons and the Fourth
International Workshop on the Management of Asymptomatic Primary Hyperparathy-
roidism that convened in 2013 have published recommendations regarding the ideal
surgical management of 10HPT.104,105 Both groups favor FNE in patients who have
parathyroid adenomas localized by preoperative imaging by 1 or more studies who
have not had previous neck surgery. Imaging may include ultrasound or sestamibi
scan. IOPTH monitoring must be used to ensure a successful outcome of the opera-
tion. Patients with negative preoperative imaging studies, a familial syndrome, or a
condition predisposing to multigland disease should undergo BNE without the need
for further imaging.



Box 1

Comparison of advantages of focused neck exploration versus bilateral neck exploration

Advantages of FNE

Smaller incision

Shorter operative time

Reduced cost compared with BNE

Outpatient surgery

Lower complication rate compared with BNE

Reduced postoperative pain

Cure rate equals BNE

Advantages of BNE

May be done through small incision

Shorter operative time

Reduced cost compared with FNE

May be done in outpatient setting

Detects multigland disease better than FNE

Does not require localization or IOPTH
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Advantages and Disadvantages of Focused Neck Exploration Versus Bilateral Neck
Exploration

There are advantages and disadvantages to each surgical approach for the manage-
ment of 10HPT, and the operation must be tailored to the individual patient. Given
equivalent cure rates and variable data regarding cost, the argument in favor of one
technique versus the other depends on complication rates, impact on potential reo-
perative surgery, and patient satisfaction. First, complication rates with respect to per-
manent hypoparathyroidism and permanent recurrent laryngeal nerve injury are lower
with FNE106,107 with equivalent cure rates. The small number of patients who require
reoperation for recurrent or persistent disease has a higher number of complications if
the primary operation is BNE.108 Patients who undergo FNE report significantly less
postoperative pain.109 Furthermore, FNE may be performed under local rather than
general anesthesia; patients who have local anesthetic only have less postoperative
nausea and are less likely to require antiemetic drugs.110 These advantages are sum-
marized in Box 1. Most patients (85%) have single-gland disease. Patients with
concordant imaging studies have a single adenoma 96% to 98% of the time.52,111

Despite increased identification of multigland disease with BNE, only a small percent-
age of patients subjected to this technique have any benefit, with an increase in injury
rates to uninvolved parathyroid glands and to both recurrent laryngeal nerves. Thus,
the authors believe that FNE is the appropriate choice for most patients.
SUMMARY

Many advances have shaped the surgical management of 10HPT. With the develop-
ment of imaging techniques, application of the PTH assay as a key part of the opera-
tive management of the disease, and the overall predominance of single-gland
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disease, surgical management has shifted toward a minimally invasive approach.
There are questions that remain, however. Which is the ideal preoperative imaging
study? If a surgeon prefers BNE, are imaging studies necessary, and do these studies
contribute unnecessary cost? If imaging studies are concordant or if the operation is
BNE, is use of IOPTH mandatory? Advantages of FNE include a smaller incision, a
potentially lower cost, shorter hospital stay, and reduced patient discomfort. With
the application of endoscopic technology, both video-assisted and robot-assisted
techniques are being developed in high-volume groups as an alternative to FNE.
Some debate continues regarding the ideal approach: should FNE replace traditional
BNE? While research continues to address this question, improved outcomes are
clearly achieved with high-volume surgeons and experience.
REFERENCES

1. Sivula A, Ronni-Sivula H. The changing picture of primary hyperparathyroidism
in the years 1956-1979. Ann Chir Gynaecol 1984;73(6):319–24.

2. Mandl F. Chirurgie der spertanfalle, ein leitfaden für stucherende und arzte
1925.

3. Cope O. The study of hyperparathyroidism at the Massachusetts General Hos-
pital. N Engl J Med 1966;274(21):1174–82.

4. Uden P, Chan A, Duh QY, et al. Primary hyperparathyroidism in younger and
older patients: symptoms and outcome of surgery. World J Surg 1992;16(4):
791–7 [discussion: 798].

5. Bergenfelz A, Lindblom P, Tibblin S, et al. Unilateral versus bilateral neck explo-
ration for primary hyperparathyroidism: a prospective randomized controlled
trial. Ann Surg 2002;236(5):543–51.

6. McGill J, Sturgeon C, Kaplan SP, et al. How does the operative strategy for pri-
mary hyperparathyroidism impact the findings and cure rate? A comparison of
800 parathyroidectomies. J Am Coll Surg 2008;207(2):246–9.

7. Rubin MR, Bilezikian JP, McMahon DJ, et al. The natural history of primary hy-
perparathyroidism with or without parathyroid surgery after 15 years. J Clin En-
docrinol Metab 2008;93(9):3462–70.

8. Udelsman R, Lin Z, Donovan P. The superiority of minimally invasive parathyroid-
ectomy based on 1650 consecutive patients with primary hyperparathyroidism.
Ann Surg 2011;253(3):585–91.

9. Bergenfelz A, Kanngiesser V, Zielke A, et al. Conventional bilateral cervical
exploration versus open minimally invasive parathyroidectomy under
local anaesthesia for primary hyperparathyroidism. Br J Surg 2005;92(2):190–7.

10. Jorde R, Bonaa KH, Sundsfjord J. Primary hyperparathyroidism detected in a
health screening. The Tromso study. J Clin Epidemiol 2000;53(11):1164–9.

11. Wermers RA, Khosla S, Atkinson EJ, et al. Incidence of primary hyperparathy-
roidism in Rochester, Minnesota, 1993-2001: an update on the changing epide-
miology of the disease. J Bone Miner Res 2006;21(1):171–7.

12. Heath H 3rd, Hodgson SF, Kennedy MA. Primary hyperparathyroidism. Inci-
dence, morbidity, and potential economic impact in a community. N Engl J
Med 1980;302(4):189–93.

13. Haff RC, Black WC, Ballinger WF. Primary hyperparathyroidism: changing clin-
ical, surgical and pathologic aspects. Ann Surg 1970;171(1):85–92.

14. Bilezikian JP, Potts JT Jr. Asymptomatic primary hyperparathyroidism: new is-
sues and new questions–bridging the past with the future. J Bone Miner Res
2002;17(Suppl 2):N57–67.

http://refhub.elsevier.com/S1055-3207(15)00085-X/sref1
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref1
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref3
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref3
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref4
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref4
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref4
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref5
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref5
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref5
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref6
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref6
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref6
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref7
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref7
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref7
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref8
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref8
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref8
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref9
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref9
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref9
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref10
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref10
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref11
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref11
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref11
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref12
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref12
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref12
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref13
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref13
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref14
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref14
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref14


Primary Hyperparathyroidism 113
15. Pyrah LN, Hodgkinson A, Anderson CK. Primary hyperparathyroidism. Br J Surg
1966;53(4):245–316.

16. Wells SA Jr. Surgical therapy of patients with primary hyperparathyroidism:
long-term benefits. J Bone Miner Res 1991;6(Suppl 2):S143–9 [discussion:
S151–2].

17. Goldsmith RS. Differential diagnosis of hypercalcemia. N Engl J Med 1966;
274(12):674–7.

18. Spiegel AM. Pathophysiology of primary hyperparathyroidism. J Bone Miner
Res 1991;6(Suppl 2):S15–7 [discussion: S31–2].

19. Koumakis E, Souberbielle JC, Sarfati E, et al. Bone mineral density evolution af-
ter successful parathyroidectomy in patients with normocalcemic primary hy-
perparathyroidism. J Clin Endocrinol Metab 2013;98(8):3213–20.

20. Wallace LB, Parikh RT, Ross LV, et al. The phenotype of primary hyperparathy-
roidism with normal parathyroid hormone levels: how low can parathyroid hor-
mone go? Surgery 2011;150(6):1102–12.

21. Diagnosis and management of asymptomatic primary hyperparathyroidism. Na-
tional Institutes of Health Consensus Development Conference. October 29-31,
1990. Consens Statement 1990;8(7):1–18.

22. Bilezikian JP, Potts JT Jr, Fuleihan Gel H, et al. Summary statement from a work-
shop on asymptomatic primary hyperparathyroidism: a perspective for the 21st
century. J Bone Miner Res 2002;17(Suppl 2):N2–11.

23. Bilezikian JP, Khan AA, Potts JT Jr, et al. Guidelines for the management of
asymptomatic primary hyperparathyroidism: summary statement from the third
international workshop. J Clin Endocrinol Metab 2009;94(2):335–9.

24. Bilezikian JP, Brandi ML, Eastell R, et al. Guidelines for the management of
asymptomatic primary hyperparathyroidism: summary statement from the
Fourth International Workshop. J Clin Endocrinol Metab 2014;99(10):3561–9.

25. Greene AB, Butler RS, McIntyre S, et al. National trends in parathyroid surgery
from 1998 to 2008: a decade of change. J Am Coll Surg 2009;209(3):332–43.

26. Nussbaum SR, Zahradnik RJ, Lavigne JR, et al. Highly sensitive two-site immu-
noradiometric assay of parathyrin, and its clinical utility in evaluating patients
with hypercalcemia. Clin Chem 1987;33(8):1364–7.

27. Nussbaum SR, Thompson AR, Hutcheson KA, et al. Intraoperative measure-
ment of parathyroid hormone in the surgical management of hyperparathyroid-
ism. Surgery 1988;104(6):1121–7.

28. Irvin GL 3rd, Prudhomme DL, Deriso GT, et al. A new approach to parathyroid-
ectomy. Ann Surg 1994;219(5):574–9 [discussion: 579–1].

29. Bergenfelz A, Algotsson L, Ahren B. Surgery for primary hyperparathyroidism
performed under local anaesthesia. Br J Surg 1992;79(9):931–4.

30. Irvin GL 3rd, Dembrow VD, Prudhomme DL. Operative monitoring of parathyroid
gland hyperfunction. Am J Surg 1991;162(4):299–302.

31. Richards ML, Thompson GB, Farley DR, et al. An optimal algorithm for intraoper-
ative parathyroid hormone monitoring. Arch Surg 2011;146(3):280–5.

32. Gauger PG, Mullan MH, Thompson NW, et al. An alternative analysis of intrao-
perative parathyroid hormone data may improve the ability to detect multigland-
ular disease. Arch Surg 2004;139(2):164–9.

33. Wharry LI, Yip L, Armstrong MJ, et al. The final intraoperative parathyroid hor-
mone level: how low should it go? World J Surg 2014;38(3):558–63.

34. Irvin GL 3rd, Sfakianakis G, Yeung L, et al. Ambulatory parathyroidectomy for
primary hyperparathyroidism. Arch Surg 1996;131(10):1074–8.

35. Brennan MF. Lessons learned. Ann Surg Oncol 2006;13(10):1322–8.

http://refhub.elsevier.com/S1055-3207(15)00085-X/sref15
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref15
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref16
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref16
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref16
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref17
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref17
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref18
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref18
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref19
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref19
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref19
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref20
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref20
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref20
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref21
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref21
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref21
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref22
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref22
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref22
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref23
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref23
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref23
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref24
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref24
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref24
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref25
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref25
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref26
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref26
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref26
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref27
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref27
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref27
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref28
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref28
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref29
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref29
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref30
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref30
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref31
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref31
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref32
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref32
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref32
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref33
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref33
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref34
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref34
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref35


Laird & Libutti114
36. Chiu ML, Kronauge JF, Piwnica-Worms D. Effect of mitochondrial and plasma
membrane potentials on accumulation of hexakis (2-methoxyisobutylisonitrile)
technetium(I) in cultured mouse fibroblasts. J Nucl Med 1990;31(10):1646–53.

37. Taillefer R, Boucher Y, Potvin C, et al. Detection and localization of parathyroid
adenomas in patients with hyperparathyroidism using a single radionuclide im-
aging procedure with technetium-99m-sestamibi (double-phase study). J Nucl
Med 1992;33(10):1801–7.

38. Wei JP, Burke GJ, Mansberger AR Jr. Prospective evaluation of the efficacy of
technetium 99m sestamibi and iodine 123 radionuclide imaging of abnormal
parathyroid glands. Surgery 1992;112(6):1111–6 [discussion: 1116–7].

39. Thule P, Thakore K, Vansant J, et al. Preoperative localization of parathyroid tis-
sue with technetium-99m sestamibi 123I subtraction scanning. J Clin Endocrinol
Metab 1994;78(1):77–82.

40. Johnston LB, Carroll MJ, Britton KE, et al. The accuracy of parathyroid gland
localization in primary hyperparathyroidism using sestamibi radionuclide imag-
ing. J Clin Endocrinol Metab 1996;81(1):346–52.

41. Hindie E, Melliere D, Simon D, et al. Primary hyperparathyroidism: is techne-
tium 99m-Sestamibi/iodine-123 subtraction scanning the best procedure to
locate enlarged glands before surgery? J Clin Endocrinol Metab 1995;
80(1):302–7.

42. McHenry CR, Lee K, Saadey J, et al. Parathyroid localization with technetium-
99m-sestamibi: a prospective evaluation. J Am Coll Surg 1996;183(1):25–30.

43. Perez-Monte JE, Brown ML, Shah AN, et al. Parathyroid adenomas: accurate
detection and localization with Tc-99m sestamibi SPECT. Radiology 1996;
201(1):85–91.

44. Light VL, McHenry CR, Jarjoura D, et al. Prospective comparison of dual-phase
technetium-99m-sestamibi scintigraphy and high resolution ultrasonography in
the evaluation of abnormal parathyroid glands. Am Surg 1996;62(7):562–7 [dis-
cussion: 567–8].

45. Solorzano CC, Carneiro-Pla DM, Irvin GL 3rd. Surgeon-performed ultrasonogra-
phy as the initial and only localizing study in sporadic primary hyperparathyroid-
ism. J Am Coll Surg 2006;202(1):18–24.

46. Levy JM, Kandil E, Yau LC, et al. Can ultrasound be used as the primary
screening modality for the localization of parathyroid disease prior to surgery
for primary hyperparathyroidism? A review of 440 cases. ORL J Otorhinolar-
yngol Relat Spec 2011;73(2):116–20.

47. Milas M, Stephen A, Berber E, et al. Ultrasonography for the endocrine surgeon:
a valuable clinical tool that enhances diagnostic and therapeutic outcomes. Sur-
gery 2005;138(6):1193–200 [discussion: 1200–1].

48. Morita SY, Somervell H, Umbricht CB, et al. Evaluation for concomitant thyroid
nodules and primary hyperparathyroidism in patients undergoing parathyroid-
ectomy or thyroidectomy. Surgery 2008;144(6):862–6 [discussion: 866–8].

49. De Feo ML, Colagrande S, Biagini C, et al. Parathyroid glands: combination of
(99m)Tc MIBI scintigraphy and US for demonstration of parathyroid glands and
nodules. Radiology 2000;214(2):393–402.

50. Scheiner JD, Dupuy DE, Monchik JM, et al. Pre-operative localization of parathy-
roid adenomas: a comparison of power and colour Doppler ultrasonography
with nuclear medicine scintigraphy. Clin Radiol 2001;56(12):984–8.

51. Barczynski M, Golkowski F, Konturek A, et al. Technetium-99m-sestamibi sub-
traction scintigraphy vs. ultrasonography combined with a rapid parathyroid
hormone assay in parathyroid aspirates in preoperative localization of

http://refhub.elsevier.com/S1055-3207(15)00085-X/sref36
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref36
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref36
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref37
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref37
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref37
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref37
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref38
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref38
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref38
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref39
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref39
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref39
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref40
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref40
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref40
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref41
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref41
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref41
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref41
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref42
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref42
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref43
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref43
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref43
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref44
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref44
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref44
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref44
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref45
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref45
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref45
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref46
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref46
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref46
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref46
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref47
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref47
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref47
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref48
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref48
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref48
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref49
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref49
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref49
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref50
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref50
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref50
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref51
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref51
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref51


Primary Hyperparathyroidism 115
parathyroid adenomas and in directing surgical approach. Clin Endocrinol (Oxf)
2006;65(1):106–13.

52. Suliburk JW, Sywak MS, Sidhu SB, et al. 1000 minimally invasive parathyroidec-
tomies without intra-operative parathyroid hormone measurement: lessons
learned. ANZ J Surg 2011;81(5):362–5.

53. Gawande AA, Monchik JM, Abbruzzese TA, et al. Reassessment of parathyroid
hormone monitoring during parathyroidectomy for primary hyperparathyroidism
after 2 preoperative localization studies. Arch Surg 2006;141(4):381–4 [discus-
sion: 384].

54. Hunter GJ, Schellingerhout D, Vu TH, et al. Accuracy of four-dimensional CT for
the localization of abnormal parathyroid glands in patients with primary hyper-
parathyroidism. Radiology 2012;264(3):789–95.

55. Starker LF, Mahajan A, Bjorklund P, et al. 4D parathyroid CT as the initial local-
ization study for patients with de novo primary hyperparathyroidism. Ann Surg
Oncol 2011;18(6):1723–8.

56. Chen H, Mack E, Starling JR. Radioguided parathyroidectomy is equally effec-
tive for both adenomatous and hyperplastic glands. Ann Surg 2003;238(3):
332–7 [discussion: 337–8].

57. Chen H, Mack E, Starling JR. A comprehensive evaluation of perioperative ad-
juncts during minimally invasive parathyroidectomy: which is most reliable? Ann
Surg 2005;242(3):375–80 [discussion: 380–3].

58. Naitoh T, Gagner M, Garcia-Ruiz A, et al. Endoscopic endocrine surgery in the
neck. An initial report of endoscopic subtotal parathyroidectomy. Surg Endosc
1998;12(3):202–5 [discussion: 206].

59. Henry JF, Defechereux T, Gramatica L, et al. Minimally invasive videoscopic
parathyroidectomy by lateral approach. Langenbecks Arch Surg 1999;384(3):
298–301.

60. Miccoli P, Bendinelli C, Conte M, et al. Endoscopic parathyroidectomy by a gas-
less approach. J Laparoendosc Adv Surg Tech A 1998;8(4):189–94.

61. Landry CS, Grubbs EG, Morris GS, et al. Robot assisted transaxillary surgery
(RATS) for the removal of thyroid and parathyroid glands. Surgery 2011;
149(4):549–55.

62. Noureldine SI, Lewing N, Tufano RP, et al. The role of the robotic-assisted trans-
axillary gasless approach for the removal of parathyroid adenomas. ORL J Oto-
rhinolaryngol Relat Spec 2014;76(1):19–24.

63. Tolley N, Garas G, Palazzo F, et al. A long-term prospective evaluation comparing
robotic parathyroidectomy with minimally invasive open parathyroidectomy for
primary hyperparathyroidism. Head Neck 2014. [Epub ahead of print].

64. Fouquet T, Germain A, Zarnegar R, et al. Totally endoscopic lateral parathyroid-
ectomy: prospective evaluation of 200 patients. ESES 2010 Vienna presentation.
Langenbecks Arch Surg 2010;395(7):935–40.

65. Stang MT, Perrier ND. Robotic thyroidectomy: do it well or don’t do it. JAMA Surg
2013;148(9):806–8.

66. Perrier ND, Edeiken B, Nunez R, et al. A novel nomenclature to classify parathy-
roid adenomas. World J Surg 2009;33(3):412–6.

67. Chiu B, Sturgeon C, Angelos P. What is the link between nonlocalizing sestamibi
scans,multiglanddisease, andpersistent hypercalcemia?Astudy of 401consec-
utive patients undergoing parathyroidectomy. Surgery 2006;140(3):418–22.

68. Dy BM, Richards ML, Vazquez BJ, et al. Primary hyperparathyroidism and nega-
tive Tc99 sestamibi imaging: to operate or not? Ann Surg Oncol 2012;19(7):
2272–8.

http://refhub.elsevier.com/S1055-3207(15)00085-X/sref51
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref51
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref52
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref52
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref52
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref53
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref53
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref53
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref53
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref54
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref54
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref54
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref55
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref55
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref55
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref56
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref56
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref56
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref57
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref57
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref57
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref58
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref58
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref58
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref59
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref59
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref59
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref60
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref60
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref61
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref61
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref61
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref62
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref62
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref62
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref63
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref63
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref63
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref64
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref64
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref64
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref65
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref65
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref66
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref66
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref67
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref67
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref67
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref68
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref68
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref68


Laird & Libutti116
69. Perrier ND, Ituarte PH, Morita E, et al. Parathyroid surgery: separating promise
from reality. J Clin Endocrinol Metab 2002;87(3):1024–9.

70. Ogilvie JB, Clark OH. Parathyroid surgery: we still need traditional and selective
approaches. J Endocrinol Invest 2005;28(6):566–9.

71. Wells SA Jr, Pacini F, Robinson BG, et al. Multiple endocrine neoplasia type 2
and familial medullary thyroid carcinoma: an update. J Clin Endocrinol Metab
2013;98(8):3149–64.

72. Thakker RV. Multiple endocrine neoplasia type 1. Indian J Endocrinol Metab
2012;16(Suppl 2):S272–4.

73. Thakker RV, Newey PJ, Walls GV, et al. Clinical practice guidelines for multiple
endocrine neoplasia type 1 (MEN1). J Clin Endocrinol Metab 2012;97(9):
2990–3011.

74. Carling T, Udelsman R. Parathyroid surgery in familial hyperparathyroid disor-
ders. J Intern Med 2005;257(1):27–37.

75. Awad SS, Miskulin J, Thompson N. Parathyroid adenomas versus four-gland hy-
perplasia as the cause of primary hyperparathyroidism in patients with pro-
longed lithium therapy. World J Surg 2003;27(4):486–8.

76. Hundley JC, Woodrum DT, Saunders BD, et al. Revisiting lithium-associated hy-
perparathyroidism in the era of intraoperative parathyroid hormone monitoring.
Surgery 2005;138(6):1027–31 [discussion: 1031–2].

77. Norlen O, Sidhu S, Sywak M, et al. Long-term outcome after parathyroidectomy
for lithium-induced hyperparathyroidism. Br J Surg 2014;101(10):1252–6.

78. Marti JL,YangCS,CarlingT, et al. Surgical approachandoutcomes inpatientswith
lithium-associated hyperparathyroidism. Ann Surg Oncol 2012;19(11):3465–71.

79. Siperstein A, Berber E, Barbosa GF, et al. Predicting the success of limited
exploration for primary hyperparathyroidism using ultrasound, sestamibi, and
intraoperative parathyroid hormone: analysis of 1158 cases. Ann Surg 2008;
248(3):420–8.

80. Norman J, Lopez J, Politz D. Abandoning unilateral parathyroidectomy: why we
reversed our position after 15,000 parathyroid operations. J Am Coll Surg 2012;
214(3):260–9.

81. Nehs MA, Ruan DT, Gawande AA, et al. Bilateral neck exploration decreases
operative time compared to minimally invasive parathyroidectomy in patients
with discordant imaging. World J Surg 2013;37(7):1614–7.

82. Wang TS, Pasieka JL, Carty SE. Techniques of parathyroid exploration at North
American endocrine surgery fellowship programs: what the next generation is
being taught. Am J Surg 2014;207(4):527–32.

83. Abdulla AG, Ituarte PH, Harari A, et al. Trends in the frequency and quality of
parathyroid surgery: analysis of 17,082 cases over 10 years. Ann Surg 2015;
261(4):746–50.

84. Sidhu S, Neill AK, Russell CF. Long-term outcome of unilateral parathyroid
exploration for primary hyperparathyroidism due to presumed solitary adenoma.
World J Surg 2003;27(3):339–42.

85. Robertson GS, Johnson PR, Bolia A, et al. Long-term results of unilateral neck
exploration for preoperatively localized nonfamilial parathyroid adenomas. Am
J Surg 1996;172(4):311–4.

86. Boggs JE, Irvin GL 3rd, Carneiro DM, et al. The evolution of parathyroidectomy
failures. Surgery 1999;126(6):998–1002 [discussion: 1002–3].

87. Irvin GL 3rd, Carneiro DM, Solorzano CC. Progress in the operative manage-
ment of sporadic primary hyperparathyroidism over 34 years. Ann Surg 2004;
239(5):704–8 [discussion; 708–1].

http://refhub.elsevier.com/S1055-3207(15)00085-X/sref69
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref69
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref70
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref70
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref71
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref71
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref71
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref72
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref72
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref73
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref73
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref73
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref74
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref74
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref75
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref75
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref75
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref76
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref76
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref76
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref77
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref77
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref78
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref78
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref79
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref79
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref79
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref79
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref80
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref80
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref80
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref81
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref81
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref81
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref82
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref82
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref82
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref83
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref83
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref83
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref84
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref84
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref84
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref85
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref85
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref85
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref86
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref86
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref87
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref87
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref87


Primary Hyperparathyroidism 117
88. Udelsman R. Six hundred fifty-six consecutive explorations for primary hyper-
parathyroidism. Ann Surg 2002;235(5):665–70 [discussion: 670–2].

89. van Heerden JA, Grant CS. Surgical treatment of primary hyperparathyroidism:
an institutional perspective. World J Surg 1991;15(6):688–92.

90. Westerdahl J, Bergenfelz A. Unilateral versus bilateral neck exploration for pri-
mary hyperparathyroidism: five-year follow-up of a randomized controlled trial.
Ann Surg 2007;246(6):976–80 [discussion: 980–1].

91. Slepavicius A, Beisa V, Janusonis V, et al. Focused versus conventional parathy-
roidectomy for primary hyperparathyroidism: a prospective, randomized, blinded
trial. Langenbecks Arch Surg 2008;393(5):659–66.

92. Grant CS, Thompson G, Farley D, et al. Primary hyperparathyroidism surgical
management since the introduction of minimally invasive parathyroidectomy:
Mayo Clinic experience. Arch Surg 2005;140(5):472–8 [discussion: 478–9].

93. Aarum S, Nordenstrom J, Reihner E, et al. Operation for primary hyperparathy-
roidism: the new versus the old order. A randomised controlled trial of preoper-
ative localisation. Scand J Surg 2007;96(1):26–30.

94. Goldstein RE, Blevins L, Delbeke D, et al. Effect of minimally invasive
radioguided parathyroidectomy on efficacy, length of stay, and costs in
the management of primary hyperparathyroidism. Ann Surg 2000;231(5):
732–42.

95. Fahy BN, Bold RJ, Beckett L, et al. Modern parathyroid surgery: a cost-benefit
analysis of localizing strategies. Arch Surg 2002;137(8):917–22 [discussion:
922–3].

96. Lubitz CC, Stephen AE, Hodin RA, et al. Preoperative localization strategies for
primary hyperparathyroidism: an economic analysis. Ann Surg Oncol 2012;
19(13):4202–9.

97. Wang TS, Cheung K, Farrokhyar F, et al. Would scan, but which scan? A cost-
utility analysis to optimize preoperative imaging for primary hyperparathyroid-
ism. Surgery 2011;150(6):1286–94.

98. Harari A, Allendorf J, Shifrin A, et al. Negative preoperative localization leads to
greater resource use in the era of minimally invasive parathyroidectomy. Am J
Surg 2009;197(6):769–73.

99. Lowney JK, Weber B, Johnson S, et al. Minimal incision parathyroidectomy:
cure, cosmesis, and cost. World J Surg 2000;24(11):1442–5.

100. Doppman JL, Miller DL. Localization of parathyroid tumors in patients with
asymptomatic hyperparathyroidism and no previous surgery. J Bone Miner
Res 1991;6(Suppl 2):S153–8 [discussion: S159].

101. Roe SM, Brown PW, Pate LM, et al. Initial cervical exploration for parathyroidec-
tomy is not benefited by preoperative localization studies. Am Surg 1998;64(6):
503–7 [discussion: 507–8].

102. Mihai R, Weisters M, Stechman MJ, et al. Cost-effectiveness of scan-directed
parathyroidectomy. Langenbecks Arch Surg 2008;393(5):739–43.

103. Morris LF, Zanocco K, Ituarte PH, et al. The value of intraoperative parathyroid
hormone monitoring in localized primary hyperparathyroidism: a cost analysis.
Ann Surg Oncol 2010;17(3):679–85.

104. Udelsman R, Akerstrom G, Biagini C, et al. The surgical management of asymp-
tomatic primary hyperparathyroidism: proceedings of the Fourth International
Workshop. J Clin Endocrinol Metab 2014;99(10):3595–606.

105. Bergenfelz AO, Hellman P, Harrison B, et al. Positional statement of the Euro-
pean Society of Endocrine Surgeons (ESES) on modern techniques in pHPTsur-
gery. Langenbecks Arch Surg 2009;394(5):761–4.

http://refhub.elsevier.com/S1055-3207(15)00085-X/sref88
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref88
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref89
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref89
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref90
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref90
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref90
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref91
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref91
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref91
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref92
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref92
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref92
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref93
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref93
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref93
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref94
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref94
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref94
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref94
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref95
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref95
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref95
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref96
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref96
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref96
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref97
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref97
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref97
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref98
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref98
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref98
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref99
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref99
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref100
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref100
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref100
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref101
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref101
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref101
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref102
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref102
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref103
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref103
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref103
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref104
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref104
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref104
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref105
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref105
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref105


Laird & Libutti118
106. Mihai R, Barczynski M, Iacobone M, et al. Surgical strategy for sporadic primary
hyperparathyroidism an evidence-based approach to surgical strategy, patient
selection, surgical access, and reoperations. Langenbecks Arch Surg 2009;
394(5):785–98.

107. Vogel LM, Lucas R, Czako P. Unilateral parathyroid exploration. Am Surg 1998;
64(7):693–6 [discussion: 696–7].

108. Morris LF, Lee S, Warneke CL, et al. Fewer adverse events after reoperative
parathyroidectomy associated with initial minimally invasive parathyroidectomy.
Am J Surg 2014;208(5):850–5.

109. Miccoli P, Barellini L, Monchik JM, et al. Randomized clinical trial comparing
regional and general anaesthesia in minimally invasive video-assisted parathy-
roidectomy. Br J Surg 2005;92(7):814–8.

110. Monchik JM, Barellini L, Langer P, et al. Minimally invasive parathyroid surgery in
103 patients with local/regional anesthesia, without exclusion criteria. Surgery
2002;131(5):502–8.

111. Powell AC, Alexander HR, Chang R, et al. Reoperation for parathyroid adenoma:
a contemporary experience. Surgery 2009;146(6):1144–55.

http://refhub.elsevier.com/S1055-3207(15)00085-X/sref106
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref106
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref106
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref106
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref107
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref107
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref108
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref108
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref108
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref109
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref109
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref109
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref110
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref110
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref110
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref111
http://refhub.elsevier.com/S1055-3207(15)00085-X/sref111

	Minimally Invasive Parathyroidectomy Versus Bilateral Neck Exploration for Primary Hyperparathyroidism
	Key points
	Introduction
	Patient evaluation
	Surgical treatment options
	Minimally Invasive Parathyroidectomy
	Bilateral Neck Exploration

	Comparison of focused neck exploration to bilateral neck exploration
	Outcomes
	Cost
	Consensus Guidelines
	Advantages and Disadvantages of Focused Neck Exploration Versus Bilateral Neck Exploration

	Summary
	References


