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Case Presentation

A. L. Shifrin and D. J. Terris

Patient Primary hyperparathyroidism (PHPT)
patient history is a 53-year-old female who pre-
sented with incidental findings of elevated cal-
cium level on a routine blood test. She reported
no significant complaints besides symptoms of
tiredness and fatigue. Past medical history was
significant for the absence of kidney stones or
fractures. She mentioned that she was treated
for acne with radiation to her face in her early
teenage years. No family history of cancer or
hypercalcemia. No significant comorbidities.
Medication includes only multivitamin which
contains 500 mg of calcium daily. Prior surgery
included cholecystectomy. On physical exami-
nation, vital signs are within normal range, no
other abnormalities detected. She presented
with laboratory data from the last 4 years which

0 Questions

includes several total calcium measurements
ranging between 10.4 mg/dL (2.75 mmol/L)
and 11.2 mg/dL (2.85 mmol/L) (normal 8.5-
10.2 mg/dL and 2.2 to 2.7 mmol/L, resp.), ion-
ized calcium level 6.5 mg/dL (1.45 mmol/L)
(normal  4.64-528 mg/dL and 1.14-
1.34 mmol/L, resp.), PTH level on two occa-
sions was 85 pg/mL (8.5 pmol/l) and 125 pg/mL
(12.5 pmol/l) (normal 25-65 pg/mL and 1.6—
6.9 pmol/L, resp.). Creatinine level was 0.95 mg/
dL (84 pmol/L) (normal 0.6-1.0 mg/dL and
45-90 pmol/L, resp.), glomerular filtration rate
(GFR) was 90 mL/min/1.73 m? (normal above
60 mL/min/1.73 m?2), phosphorus level was
within normal range, and vitamin D250H level
was 15 ng/mL (37.5 nmol/L) (normal above
50 ng/mL and 125 nmol/L, resp.).

1.  What are criteria to establish the diagnosis of primary

hyperparathyroidism?

1. Findings of a parathyroid adenoma on CT scan or
neck ultrasound

2. History of kidney stones and findings of a parathyroid
adenoma on sestamibi scan

3. Findings of normal serum calcium level and high
serum PTH level

4. Elevated 24-hour urine calcium level

5. Findings of elevated serum calcium and PTH levels
(a) Only (1) and (2) and (3) are correct.
(b) Only (3) and (5) are correct.
(c) Only (4) and (5) are correct.
(d) Only (2) and (4) and (5) are correct.
(e) All are correct.

2. In which of the following would you establish the diag-

nosis of primary hyperparathyroidism?

1. Elevation of both serum calcium and serum PTH levels

2. Elevation of serum PTH but high normal serum
calcium level

3. Elevation of serum calcium but high normal serum
PTH level
4. Elevation of serum PTH level, normal serum calcium
but elevation of ionized calcium level
(a) Only (1) and (2) and (3) are correct.
(b) Only (1) and (2) and (4) are correct.
(c) Only (1) and (3) and (4) are correct.
(d) Only (2) and (3) and (4) are correct.
(e) All are correct.
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3. In which of the following would you establish the diagno-

sis of normohormonal primary hyperparathyroidism?
1. Elevation of both serum calcium and serum PTH levels
2. Elevation of serum PTH but high normal serum
calcium level
3. Elevation of serum calcium but high normal serum
PTH level
4. Elevation of serum PTH level, normal serum calcium
but elevation of ionized calcium level
(a) Only (1) and (2) and (3) are correct.
(b) Only (1) and (2) and (4) are correct.
(c) Only (3) is correct.
(d) Only (1) and (2) are correct.
(e) All are correct.

4. In which of the following would you establish the diagno-
sis of normocalcemic primary hyperparathyroidism?

1. Elevation of both serum calcium and serum PTH
levels

2. Elevation of serum PTH but high normal serum
calcium level

3. Elevation of serum calcium but high normal serum
PTH level

4. Elevation of serum PTH level, normal serum calcium
but elevation of ionized calcium level
(a) Only (1) and (2) and (3) are correct.
(b) Only (1) and (2) and (4) are correct.
(c) Only (2) and (4) are correct.
(d) Only (2) is correct.
(e) All are correct.

5. What are recommendations for surgical management of
asymptomatic PHPT based on the Summary Statement
from the Fourth International Workshop?

1. Serum calcium 1.0 mg/dL (0.25 mmol/L) above upper
limit of normal

2. Presence of osteoporosis defined as BMD by DEXA
scan, a T-score of less than —2.5 at lumbar spine, total
hip, femoral neck, or distal 1/3 of the radius

3. Presence of vertebral fracture by imaging studies such
as x-ray, CT scan, MRI, or Vertebral Fracture
Assessment (VFA) by the DEXA scan

4. 24-h urine for calcium above 400 mg/d (10 mmol/d)

5. Presence of nephrolithiasis or nephrocalcinosis by
x-ray, ultrasound, or CT scan

6. Individuals less than 50 years of age
(a) Only (1) and (2) and (3) are correct.
(b) Only (1) and (2) and (4) and (5) are correct.
(c) Only (1) and (3) and (4) are correct.
(d) Only (2) and (3) and (4) and (5) are correct.
(e) All are correct.
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What statements regarding preoperative management of
her calcium supplementation and vitamin D level are
correct?

1.

Preoperative dietary calcium intake should be
restricted, and her daily calcium supplementation
should be stopped to prevent worsening of hypercal-
cemia.

If daily dietary calcium intake is lower than 450 mg a
day, she can continue daily calcium supplementation.

. Her low vitamin D level should be repleted by giving

her the regiment of small doses of vitamin D such as
600-1000 IU of cholecalciferol to achieve the goal of
the serum 25-OH vitamin D level in between 50 and
75 nmol/L.

Her vitamin D supplementation should not be per-
formed at this time, but should be postponed until
after the surgery to prevent uncontrollable increase
of preoperative serum calcium level and urinary cal-
cium excretion that could result in the development
of kidney stones.

(a) Only (1) and (4) are correct.

(b) Only (1) and (3) are correct.

(c) Only (2) and (4) are correct.

(d) Only (2) and (3) are correct.

(e) All are correct.

Which statement(s) regarding PHPT is correct?

1.

About 85% of the patients with PHPT will have find-
ings of a single adenoma.

About 10% of patients with PHPT may have one of
the familial syndromes such as MEN type 1, MEN 2,
or other familial endocrine syndromes.

Conservative follow-up for patients with normocalce-
mic PHPT showed that about 20% of them will become
hypercalcemic.

15-years follow-up for patients who do not meet cri-
teria for parathyroidectomy showed that after non-
surgical observation 40% of patients develop at least
one indication for the surgery.

(a) Only (1) and (2) and (3) are correct.

(b) Only (1) and (2) and (4) are correct.

(c) Only (1) and (3) and (4) are correct.

(d) Only (2) and (3) and (4) are correct.

(e) All are correct.

At what age MEN 1 and MEN 2 mutational analyses are
indicated in patient with PHPT based on current
guidelines?

1.
2.
3.

10 years of age
20 years of age
30 years of age

4. 40 years of age
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(a) Only (1) and (2) and (3) are correct.
(b) Only (2) and (3) and (4) are correct.
(c) Only (3) and (4) are correct.

(d) Only (4) is correct.

(e) All are correct.

9.  What is the best and the most cost-effective strategy to
localize a solitary parathyroid adenoma?

Sestamibi scan

Neck ultrasound

4D CT scan

Spect CT sestamibi scan

Ultrasound plus Spect CT sestamibi scan

(a) Only (1) and (2) are correct.

(b) Only (1) and (3) are correct.

(c) Only (2) and (3) are correct.

(d) Only (5) is correct.

(e) All are correct.

10. Which patient with PHPT would have high likelihood of
multiglandular parathyroid hyperplasia?

1. Patient with history of radiation exposure to the

neck during childhood

Patient with long history of Lithium therapy

Patient with history of MEN 1 syndrome

Patient with history of MEN 2 syndrome

Patient with truly negative Spect CT sestamibi scan

Patient presented with normohormonal PHPT

(a) Only (2) and (3) and (4) are correct.

(b) Only (2) and (3) and (5) and (6) are correct.

(c) Only (1) and (3) and (4) and (6) are correct.

(d) Only (2) and (3) and (4) and (6) are correct.

(e) All are correct.

11. Taking in consideration that this patient has no history of
kidney stones and no family history of hypercalcemia, but
she mentioned that she was treated for acne with radiation
to her face in early teenager years, which of the following
is correct?

1. Order bone density (DEXA) study, if no osteoporo-
sis is present, then conservative follow-up is recom-
mended since there are no complications of PHPT,
unless patient wants to have a surgery.

2. Advise patient to have parathyroidectomy.

3. Perform neck ultrasound and order Spect CT sesta-
mibi scan.

4. Advise patient that she may have parathyroid hyper-
plasia due to prior history of radiation exposure.

5. Advise patient that even with findings of one para-
thyroid gland, future recurrence is possible due to
prior history of radiation exposure.

(a) Only (1) and (2) and (3) are correct.
(b) Only (2) and (3) and (4) and (5) are correct.

M NS
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(¢) Only (1) and (3) and (4) are correct.
(d) Only (2) and (3) and (5) are correct.
(e) All are correct.

12. What statements are correct regarding PTH and calcium
kinetics?

1.

PTH half-life after the adenoma removal is approxi-
mately 3 to 4 minutes.

Calcium measurements are not beneficial during the
parathyroidectomy because ionized calcium level
started to decrease only at 30 min after the adenoma
removal.

PTH elimination is proportional to its initial preopera-
tive plasma concentration. Usually, the lowest drop of
PTH level occurs at five hours after the adenoma
removal.

PTH levels start to increase after parathyroidectomy
again at postoperative day 2.

(a) Only (1) and (2) and (3) are correct.

(b) Only (1) and (2) and (4) are correct.

(c) Only (1) and (3) and (4) are correct.

(d) Only (2) and (3) and (4) are correct.

(e) All are correct.

13. What are the best criteria for intraoperative PTH moni-

toring to achieve a long-term cure?

1.

Drop of PTH level more than 50% from pre-excision
(T baseline) and stimulation (during the manipula-
tion of the gland) (T-0) levels at 5 and 10 minutes
after the excision of the parathyroid adenoma

Drop of PTH level more than 50% from pre-excision
(T baseline) and stimulation (T-0) levels at 5 and
10 minutes and to the level of below 40 pg/mL
(4.2 pmol/L) (normal 25-65 pg/mL and 1.6-
6.9 pmol/L, resp.) after the excision of the parathyroid
adenoma

Drop of PTH level more than 50% from pre-excision
(T baseline) and stimulation (T-0) levels at 1 hour after
the excision of the parathyroid adenoma

Drop of PTH level from 80 pg/mL (8.4 pmol/L) (nor-
mal 25-65 pg/mL and 1.6-6.9 pmol/L, resp.) at pre-
excision (T baseline) and stimulation (T-0) 120 pg/
mL (12.7 pmol/L) (normal 25-65 pg/mL and 1.6-
6.9 pmol/L, resp.) levels to below 40 pg/mL
(4.2 pmol/L) (normal 25-65 pg/mL and 1.6—
6.9 pmol/L, resp.) at 10 minutes after the excision of
the parathyroid adenoma

(a) Only (1) and (2) and (3) are correct.

(b) Only (1) and (2) and (4) are correct.

(c) Only (1) and (3) and (4) are correct.

(d) Only (2) and (4) are correct.

(e) All are correct.
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14. Which statements are correct regarding utilization of intra-
operative parathyroid hormone (IOPTH) monitoring?

1. Operative failure of minimally invasive surgical
approach utilizing IOPTH monitoring related to the
surgeons’ misinterpretation of the IOPTH result and
the failure to identify all abnormal parathyroid
glands rather than IOPTH results itself.

2. Bilateral parathyroid exploration could be considered
in perioperative planning of patients with either nor-
mohormonal or normocalcemic PHPT.

3. There is no difference in recurrence rate between mini-
mally invasive (focused) approach utilizing IOPTH
monitoring in patients with localized adenoma preop-
eratively and open four glands exploration approach.

4. Minimally invasive parathyroidectomy can achieve a

cure rate in up to 97-99% of patients when IOPTH
monitoring is used.
(a) Only (1) and (2) and (3) are correct.
(b) Only (1) and (2) and (4) are correct.
(c) Only (1) and (3) and (4) are correct.
(d) Only (2) and (3) and (4) are correct.
(e) All are correct.

15. Benefits of minimally invasive (focused) approach utiliz-
ing IOPTH monitoring are:

1. To minimize the risk of complications, compare to
more extensive exploratory surgery

2. To decrease postoperative pain and discomfort

To decrease surgical operative time
4. To obtain the best cosmetic result
(a) Only (1) and (2) and (3) are correct.
(b) Only (1) and (2) and (4) are correct.
(c) Only (1) and (3) and (4) are correct.
(d) Only (2) and (3) and (4) are correct.
(e) All are correct.
16. Which statements regarding surgical management of
patient with PHPT are correct?

1. Parathyroidectomy is indicated for all symptomatic
patients and should be considered for most asymp-
tomatic patients.

2. Parathyroidectomy is more cost-effective in younger
patients than observation or pharmacologic therapy.

3. Parathyroidectomy is recommended regardless of the
results of preoperative localizing studies for all patients
who have met the surgical criteria.

4. Minimally invasive parathyroidectomy using intra-
operative PTH monitoring can achieve cure rate sim-
ilar to open bilateral neck exploration in up to 99%
of patients.

(98]
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(a) Only (1) and (2) and (3) are correct.
(b) Only (1) and (2) and (4) are correct.
(¢) Only (1) and (3) and (4) are correct.
(d) Only (2) and (3) and (4) are correct.
(e) All are correct.

17. What PTH level following parathyroidectomy increases
the risk for symptomatic postoperative hypocalcemia?

1.
2.
3.

10 pg/mL (1.06 pmol/L)
20 pg/mL (2.12 pmol/L)
30 pg/mL (3.18 pmol/L)

4. 50 pg/mL (4.24 pmol/L)

(a) Only (1) and (2) and (3) are correct.
(b) Only (1) and (2) are correct.

(c) Only (1) is correct.

(d) Only (2) and (3) and (4) are correct.
(e) All are correct.

18. What surgical steps can be undertaken to find an ectopic
superior parathyroid gland adenoma?

1.

2.

Dissect lower pole of the thyroid lobe in the plane to
the RLN.

Look at the intrathyroidal location at the inferior pole
of the thyroid lobe.

Look in the carotid sheath at the level of carotid bifur-
cation and above the bifurcation at the level of the
skull base.

Dissect down into paraesophageal, retroesopha-
geally, retrolaryngeal, or retrotracheal space.

(a) Only (1) and (4) are correct.

(b) Only (1) and (2) are correct.

(c) Only (1) and (3) and (4) are correct.

(d) Only (4) is correct.

(e) All are correct.

19. What surgical steps can be undertaken to locate an ectopic
inferior parathyroid gland?

1.
2.

3.

Dissect deep under tubercle of Zuckerkandl.

Dissect along and into the thyrothymic ligament or
posterior thymus.

Dissect a plane deep and posterior to the recurrent
laryngeal nerve along the esophagus toward the poste-
rior mediastinum.

Dissect lateral to the recurrent laryngeal nerve along
the medial border of the common carotid artery into
the carotid sheath.

(a) Only (1) and (4) are correct.

(b) Only (2) is correct.

(c) Only (1) and (3) and (4) are correct.

(d) Only (4) is correct.

(e) All are correct.
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20. Following successful parathyroidectomy, the patient may
expect:

21.

22.

1.

Bone mineral density will improve as early as
6 months after the parathyroidectomy.

Quality of life may improve after the successful para-
thyroidectomy based on two scoring systems, PAS and
SF-36.

Since both scoring systems (PAS and SF-36) are easy
to quantify, showing patients improvement after the
parathyroidectomy in 6 months to up to 10 years after
the surgery, they can be used as a part of the workup
to recommend surgery in patients with PHPT.

Despite the fact that nephrolithiasis risk decreases
following parathyroidectomy, surgery has not been
shown to improve renal function.

(a) Only (1) and (2) and (3) are correct.

(b) Only (1) and (2) and (4) are correct.

(c) Only (1) and (3) and (4) are correct.

(d) Only (2) and (3) and (4) are correct.

(e) All are correct.

A 32-year-old female at her eighth week of pregnancy was
found to have elevated calcium level 10.4 (2.59 mmol/L)
and 10.8 mg/dL (2.69 mmol/L). She has no symptoms, no
history of kidney stones. Which statements are correct
regarding the management of pregnant patient who was
diagnosed with PHPT?

1.

PHPT may have serious consequences to the mother
and to the fetus if it remains unrecognized and
untreated.

PHPT remains undiagnosed during pregnancy in up to
80% of cases due to physiological changes that may
mask gestational hypercalcemia.

. If clinically necessary, sestamibi scan can be safely

used during pregnancy.

Ultrasound scan can be safely used during preg-
nancy.

(a) Only (1) and (2) and (4) are correct.

(b) Only (1) and (2) and (3) are correct.

(c) Only (1) and (3) and (4) are correct.

(d) Only (2) and (3) and (4) are correct.

(e) All are correct.

Which statements regarding the management of the
pregnant patient with PHPT are correct?

1.

Management of PHPT during pregnancy should be
individualized based on symptoms and severity of
hypercalcemia.

2. Bisphosphonates do not cross the placenta and appear

to be safe during the pregnancy.
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3. Calcitonin and Cinacalcet cross the placenta and are
contraindicated during the pregnancy.

4. In case of a mild form of PHPT in an asymptomatic
patient, the risk of maternal and obstetrical complica-
tions is low and patients can be safely managed conser-
vatively during the pregnancy, and parathyroidectomy
can be delayed until after the delivery.

5. In cases of severe hypercalcemia when calcium level

is above 11 mg/dL (2.74 mmol/L), or in symptomatic
patient, the risk of preeclampsia and preterm deliv-
ery is high, and parathyroidectomy is indicated which
should be performed in the second trimester.
(a) Only (1) and (4) and (5) are correct.
(b) Only (2) and (4) and (5) are correct.
(¢c) Only (1) and (3) and (5) are correct.
(d) Only (2) and (3) and (4) are correct.
(e) All are correct.

13.1 Introduction

Primary hyperparathyroidism (PHPT) is defined by persistent
elevation of serum calcium level with corresponding elevation
of serum parathyroid hormone (PTH) level. Etiology of PHPT
is mostly idiopathic due to autonomous overproduction of
PTH by the abnormal parathyroid gland or glands.
Normocalcemic PHPT is defined as an elevation of serum
PTH level but inappropriately normal serum total and ionized
calcium levels, when secondary causes are excluded such as
vitamin D deficiency, primary hypercalciuria, chronic kidney
disease, calcium malabsorption, and medications that can
cause elevation of the PTH level (thiazides, lithium, anticon-
vulsants,  bisphosphonates, = and  denosumab)  [1].
Normohormonal PHPT is defined by inappropriately normal
non-suppressed serum PTH level and high serum calcium
level. Follow-up of patients with normocalcemic PHPT
showed that in approximately 4 years, 22% of them will become
hypercalcemic [1-4]. Approximately 85% of patients with
PHPT will have a single parathyroid adenoma, and 15% of the
patients will have either double adenoma or hyperplasia.
Diagnosis of Asymptomatic Primary Hyperparathyroidism:
Proceedings of the Fourth International Workshop reported
that more than 10% of patients with PHPT will have a muta-
tion in 1 of 11 genes (MENI1, RET, CDKNIA, CDKNIB,
CDKN2B, CDKN2C, CASR, CDC73, GNALI1, AP2S1, and
PTH) and may have familial syndromes such as multiple endo-
crine neoplasia (MEN) type 1, MEN 2, MEN 3, MEN 4,
hyperparathyroidism jaw-tumor syndrome (HPT-JT), familial
isolated hyperparathyroidism (FIHPT), neonatal severe PHPT
(NSPHPT), Familial Hypocalciuric Hypercalcemia (FHH)
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type 1, FHH 2, FHH 3, and nonsyndromic PHPT (nsPHPT)
[5-8].

13.2 Diagnosis of PHPT

Diagnosis of PHPT is biochemical and established by measur-
ing of serum total and ionized calcium levels, and parathyroid
hormone (PTH) level. Additional measurements include vita-
min D25-OH level, phosphate, creatinine levels, glomerular fil-
tration rate (GFR), alkaline phosphatase activity, and 24-hr
urine calcium level [1, 5, 6]. The measurement of Bone Mineral
Density (BMD) by DEXA scan should be included to evaluate
for the presence of osteoporosis in the lumbar spine, femoral
hip, and the wrist. Imaging studies may be ordered to evaluate
for the presence of nephrolithiasis, such as kidney ultrasonog-
raphy, abdominal X-ray, or abdominal CT scan [1], and to
evaluate for possible bone stress fractures [1-4]. The patients
with hyperparathyroidism who are less than 40 years of age,
patients with positive family history for familial syndromes, the
presence of multiglandular disease, and findings of parathy-
roid carcinoma or atypical adenoma should be considered for
genetic testing [1, 5].

13.3 Indications for Surgical Treatment of PHPT

The Fourth International Workshop for the Management of

Asymptomatic PHPT and the American Association of

Endocrine Surgeons (AAES) Guidelines for Definitive

Management of Primary Hyperparathyroidism have established

the following criteria for surgical treatment of PHPT [1, 5, 6]:

1. Serum calcium 1.0 mg/dL (0.25 mmol/L) above upper limit
of normal

2. Presence of osteoporosis defined as BMD by DEXA scan
as T-score of less than —2.5 at lumbar spine, total hip, fem-
oral neck, and especially, distal 1/3 of the radius (Z-scores
should be used instead of T-scores in premenopausal
women and men younger than 50 years of age)

3. Presence of vertebral fracture by imaging studies such as
X-ray, CT scan, MRI, or Vertebral Fracture Assessment
(VFA) by the DEXA scan

4. 24-h urine for calcium above 400 mg/d (10 mmol/d) and
increased kidney stone risk by biochemical stone risk
analysis

5. Presence of nephrolithiasis or nephrocalcinosis by X-ray,
ultrasound, or CT scan

6. Individuals less than 50 years of age
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In addition to above criteria, the improved outcomes have
been shown in all patients with asymptomatic PHPT who
underwent a curative parathyroidectomy. Parathyroidectomy
was more cost-effective than observation or pharmacologic
therapy [5]. Therefore, the American Association of Endocrine
Surgeons Guidelines for Definitive Management of Primary
Hyperparathyroidism stated that parathyroidectomy is indi-
cated for all symptomatic patients and should be considered for
most asymptomatic patients, even those who do not meet crite-
ria for surgery [5].

13.4 Preoperative Radiological Studies
and Surgical Treatment of PHPT

Radiological localization is important to help with localization of
parathyroid adenoma in order to perform minimally invasive sur-
gical approach. Minimally invasive surgical approach helps to
decrease surgical time and the rate of complications, and to avoid
extensive neck dissection. Radiological studies should not be used
to establish the diagnosis of PHPT. The finding of the parathyroid
adenoma on radiological studies does not serve as an indication
for the parathyroidectomy, unless biochemical diagnosis of pri-
mary hyperparathyroidism has been established and the patient
met the above-mentioned criteria. Diagnosis of PHPT should be
established based on biochemical values of serum calcium and
PTH levels. When parathyroid adenoma is not localized by any
imaging studies, but surgical criteria are met, the patient is still a
candidate for parathyroid exploration [5].

Out of all radiological studies, neck ultrasound is the safest
and the least expensive imaging study for preoperative localiza-
tion of parathyroid adenoma with no risk of radiation expo-
sure. It was recommended that ultrasound should always be
performed prior to a parathyroidectomy for operative planning
of all patients with PHPT. Neck ultrasound is helpful not only
in preoperative localization of parathyroid adenoma but also
in evaluation of the thyroid gland, and visualization of the soft
tissue of the neck. Findings of thyroid nodules or neck lymph
nodes may change preoperative and operative plans. Thyroid
nodules and lymph nodes that show worrisome features and
sizes may require preoperative evaluation by fine needle aspira-
tion biopsy (FNA). If the thyroid is very large and multinodu-
lar, and/or FNA biopsy will show findings suspicious for the
cancer (Bethesda category V) or a diagnosis of the cancer
(Bethesda category V1), the surgical procedure may be changed
to include thyroidectomy or thyroid lobectomy.

It has been shown that the neck ultrasound is more sensitive
when performed by the surgeon. When high-resolution neck
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ultrasound was interpreted by radiologists, the sensitivity was
reported between 51 and 89%, while surgeons-performed ultra-
sonography correctly identified a parathyroid adenoma in
74-90% of patients with a sensitivity 87% and specificity 88%
[9-11].

The second study which is recommended to use for preop-
erative localization of parathyroid adenoma is dual-isotope
subtraction single-photon emission computed tomography-
computed tomography scan (SPECT-CT) that showed supe-
rior result compared with the regular sestamibi scan. Recent
study showed that the sensitivity of the SPECT-CT scan was
95%, and specificity 89% for the detection and localization of
a parathyroid adenoma. The positive predictive value was
estimated to be 97% and the negative predictive value to be
83%. The accuracy of the technique was reported from 80% to
94% in detecting parathyroid adenoma and 92% in accurate
localization to the appropriate gland and not only the lateral-
ity [1, 9, 12]. Similar to ultrasonography, sestamibi images
should always be interpreted by the surgeon preoperatively.
Sensitivity of technetium-99 m sestamibi scan is shown to be
between 39% and 90% if the study is interpreted by the radi-
ologist [10]. Preoperative assessment of the sestamibi scan by
the surgeon, looking for subtleties or “shadows,” may lead to
the finding of parathyroid adenoma in imaging studies that
were initially described as “negative” by the radiologist.
Surgeons’ evaluation of the “negative” sestamibi study
reported findings 41% subtleties or “shadows,” and evaluation
of “indeterminate” sestamibi study reported findings of 76%
subtleties or “shadows.” In this group of patients, 91% under-
went successful minimally invasive parathyroidectomy with a
curative rate of 99% [13].

When the patient is presented with a truly negative sesta-
mibi scan, then the likelihood of intraoperative findings of
multiglandular disease is much higher [14]. When preoperative
sestamibi scan shows persistent uptake on one side, but preop-
erative US failed to localize the adenoma, then the patient
more likely has posteriorly located upper parathyroid gland
adenoma [15]. It is important to know in planning for surgery
if the patient had a history of lithium therapy or radiation
exposure. Patients treated with lithium will most likely have
multiglandular disease with an asymmetrical hyperplasia
rather than a single adenoma. Therefore, the preoperative
imaging studies could be misleading by showing only a single
adenoma. Bilateral neck exploration is therefore recommended
[16]. In contrast, the patient with radiation exposure (especially
radioactive iodine ablation for Graves’ disease) will most likely
present with a single adenoma, but metachronous disease may
develop several years after a successful parathyroidectomy.
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Therefore, lifelong follow-up is essential which is usually done
by an endocrinologist [17].

If a patient with PHPT presents with negative sestamibi
scan and ultrasonography, or in patients that present with per-
sistent or recurrent disease, four-dimensional computed tomog-
raphy (4D CT) scan or thin-cut CT scan (2.5 mm cuts) can
show superior results in localization of difficult to find parathy-
roid adenomas. Patients with negative preoperative sestamibi
scans who subsequently had thin-cut CT scans had 85% sensi-
tivity and 94% specificity for correctly lateralizing the side of
the adenoma. Thin-cut CT scan also had 66% sensitivity and
89% specificity for predicting the exact location of the diseased
gland [18]. Utilizing combination of different modalities, such
as 4D CT scan and ultrasonography, helps maximize success of
the minimally invasive approach in patients with PHPT [11,
19]. Patients who have precise localization of the parathyroid
adenoma by preoperative 4D CT scan have less extensive surgi-
cal exploration directed to the parathyroid adenoma rather
than the four-gland exploration. As a result of that, they have
lower length of stay compared to those patients who did not
have precise localization [20].

The cost of the healthcare became a significant burden not
only to the patient but for healthcare systems. To assess cost
utility, the analyses were performed to determine the best diag-
nostic and the least expensive diagnostic tests for preoperative
localization of the parathyroid adenoma. While the least
expensive test was an ultrasound, the most cost-effective strat-
egy to localize a parathyroid adenoma was an ultrasound fol-
lowed by the SPECT CT sestamibi scan plus/minus 4D-CT
scan or ultrasound followed by 4D-CT scan. Ultrasound fol-
lowed by 4D-CT scan was the least expensive strategy with an
estimated cost reported as $5901 [11, 21]. The least cost-effec-
tive study was SPECT CT sestamibi alone [22]. The sensitivity
and specificity of combination of both studies, ultrasound and
SPECT CT sestamibi scan, were reported between 91% and
96% in localization of parathyroid adenoma [9]. Positive pre-
dictive value of SPECT CT was greater than 90% with accu-
racy at about 83%. It was also more accurate (36%) in predicting
multiglandular disease [23, 24]. The risk of radiation exposure
should be considered prior to ordering imaging studies.
Sestamibi scan is contraindicated during the pregnancy and
should be used very cautiously in children [25, 26].

13.5 Preoperative Management

Calcium intake influences PTH levels in patients with PHPT. If
dietary calcium intake will be restricted, the urinary calcium
excretion will also decrease which will lower the risk of kidney
stones. However calcium restriction will increase PTH levels
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with worsening of bone demineralization in patients with
PHPT and further increases of calcium load to the kidneys.
Studies of patients with PHPT and supplementation of cal-
cium by giving 500 mg oral calcium daily for those with
<450 mg of daily calcium intake, compared to those patients
with an intake >450 mg without supplementation, showed a
significant decrease in PTH levels and an increase in femoral
neck bone mineral density. Therefore the recommendation was
made not to restrict dietary calcium intake in patients with
asymptomatic PHPT but rather provide some calcium supple-
mentation under close monitoring [5, 27, 28].

If a patient with PHPT presents with low vitamin D level,
the vitamin D depletion was associated with elevation of PTH
level and more severe PHPT. Repletion of vitamin D was asso-
ciated with reductions in serum PTH levels. Some patients may
experience increased serum calcium levels and increased uri-
nary calcium excretion. Therefore the recommendation was
made to replenish vitamin D in patients with asymptomatic
PHPT to prevent postoperative hypocalcemia due to the hun-
gry bone syndrome but under close monitoring. Regimen of
vitamin D repletion should include smaller doses of vitamin D
such as 600-1000 IU of cholecalciferol to achieve the goal of
the serum 250HD levels to >50 ng/mL (125 nmol/L) and up to
75 ng/mL (187.5 nmol/L) [28].

13.6 Intraoperative PTH Monitoring

Intraoperative PTH (IOPTH) measurement became the gold
standard approach for minimally invasive parathyroidectomy.
The goal of the IOPTH assessment is to achieve an instant
intraoperative conformation of biochemical cure of hyper-
parathyroidism. It allows the performance of targeted parathy-
roidectomy directed toward the removal of a single parathyroid
adenoma rather than the need for a bilateral neck exploration
[29-32]. The rationale to perform an intraoperative PTH mea-
surement is the development of a new generation of PTH assay
with two monoclonal antibodies specific for the N- and
C-terminal regions of the hormone (1-84)PTH, while earlier
assays were directed to either N-terminal, midregion, or
C-terminal [33]. Current assay allows the measurement of PTH
levels very quickly during the surgery because the half-life of
PTH is approximately 3 to 4 minutes compared to the calcium
measurements which is not Dbeneficial during the
parathyroidectomy because ionized calcium level starts to
decrease only at 30 min after the adenoma removal. PTH elim-
ination is proportional to its initial plasma concentration with
the lowest drop of PTH level occurring at 5 hours after the
adenoma removal. PTH levels subsequently start to increase
again at postoperative day 2 [33, 34]. The most common estab-
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lished protocol for the IOPTH assay is the 50% drop in PTH
level at 5 and 10 minutes after the excision of the parathyroid
adenoma [35-37]. It has been shown that using this timing
accurately predicts operative success or failure in 96.3% of
patients. Some authors also recommended to use additional
measurements of IOPTH level at 20 minutes after the parathy-
roidectomy, which showed 97.3% operative success rate [38].
Therefore, the ideal time points for IOPTH measurements are
the following: Tb, at baseline (before the parathyroidectomy);
at the TO, during the parathyroid adenoma manipulation; TS5,
at 5 minutes after the adenoma removal; T10, at 10 minutes
after the adenoma removal; T20 can be added if IOPTH levels
are decreasing slowly as seen in the case of very high initial
preoperative PTH level.

Earlier data on IOPTH measurements established that the
goal of 50% IOPTH levels drop was enough to achieve the bio-
chemical cure, even if final IOPTH levels were still above the
upper limit of normal [39]. More recent data have shown that
in addition to 50% IOPTH level drop, it is optimal if it falls
into the normal range. It was therefore recommended to achieve
the goal of IOPTH level less than 40 pg/mL (4.24 pmol/L). The
study of patients 2 years after the parathyroidectomy has
shown that patients with final IOPTH level less than 40 pg/mL
(4.24 pmol/L) had lower rate of persistence and recurrence
compared to patients with IOPTH level between 40 and 59 pg/
mL (4.24 and 6.25 pmol/L). The patients with a final IOPTH
level between 41 and 65 pg/mL (4.35 and 6.89 pmol/L) have a
higher likelihood of persistent disease due to not identifying an
additional parathyroid adenoma or hyperplasia. Patients with
final IOPTH >60 pg/mL were reported to have recurrence rate
of 5.9%, and persistence rate of 5.4% as compared to patients
with IOPTH level <40 pg/mL (< 4.24 pmol/L) which had recur-
rence rate of 1.3% and the lowest persistence rate of 0.2% [40—
42]. In addition, IOPTH level drop greater than 70% was
protective against the recurrence [43].

Itis important to look for multiglandular disease in patients
with normocalcemic or normohormonal PHPT, and relying
only on the IOPTH levels may not be sufficient. Patients pre-
sented with normocalcemic PHPT may have a chance of about
10% to have multigland disease, and patients presented with
normohormonal PHPT may have up to 58% chance of multi-
gland disease. Therefore, bilateral parathyroid exploration
could be considered in perioperative planning [44, 45]. Patients
with normohormonal PHPT most often had a negative sesta-
mibi scan compared to classic PHPT (18.3% vs. 4.8%). Cure
rate for normohormonal PHPT was 88% compared to 96% in
the classic group. Patients with normohormonal PHPT with
PTH <55 pg/mL (<5.83 pmol/L) had 83% cure rate, and those
with PTH 56-65 pg/mL (5.93-6.89 pmol/L) had cure rate of
96% [46]. The major cause of operative failure of minimally
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invasive surgical approach utilizing IOPTH monitoring was
not the failure of IOPTH technique itself, but rather the sur-
geons’ misinterpretation of the IOPTH result and the failure to
identify all abnormal parathyroid glands [47].

13.7 Surgical Approach

Minimally invasive parathyroidectomy is defined as a focused
resection of the single parathyroid gland adenoma performed
through a small incision with minimal surgical dissection. It is
possible since 85% of the patients with PHPT will have a single
parathyroid adenoma. The goal of minimally invasive surgery
is to achieve a biochemical cure with minimal surgical trauma
which facilitates faster recovery, minimizes postoperative pain,
and reduces the size of the incision with good cosmetic result
[5, 48-50].

Minimally invasive approach showed no differences in
recurrence compared to open technique[51]. Parathyroidectomy
is recommended regardless of the results of preoperative local-
izing studies for all patients who have met surgical criteria.
Minimally invasive parathyroidectomy can achieve cure rate in
up to 97-99% of patients when IOPTH monitoring is used [5].

Accurate localization of parathyroid adenoma helps to
achieve the following goals by using the minimally invasive
approach: to minimize the risk of complications secondary to
more extensive exploratory surgery, to decrease postoperative
pain and discomfort, to decrease surgical operative time, and to
obtain the best cosmetic result.

The recurrence rate after minimally invasive approach is
similar to bilateral standard open neck exploration (2.5% vs.
2.1%) [43, 51].

The concept of minimal dissection is especially important
when we encounter the recurrent or persistent disease that was
reported to occur in 2.5-5% of patients with PHPT [24, 48].
Patients who were presented for reoperative surgery with per-
sistent or recurrent disease after initial standard four-glands
neck exploration had complication rates of 44% which are sig-
nificantly higher compared to 15% of patients with an initial
minimally invasive parathyroidectomy [52].

Several recent guidelines on the management of asymptom-
atic PHPT have established indications for surgery [1, 5]. In
addition, 15-year follow-up data showed that after non-surgical
observation 40% of patients develop at least one indication for
the surgery [53].

The benefits include a targeted surgical approach to the
parathyroid adenoma, and the ability to perform a neck explo-
ration with possible thyroid lobectomy without the need to
convert to a standard open procedure. This allows for cosmeti-
cally pleasing and curative results [54, 55].
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Looking at the long-term recurrence risk after a parathy-
roidectomy, a retrospective study reported a 10-year recurrence
rate of 14.8% with median recurrence time of 6.3 years. Forty-
one percent of recurrences were detected by 5 years, 65.5% by
10 years, and 34.5% at more than 10 years after the initial para-
thyroidectomy [43]. Another retrospective study reported the
outcome of 1371 patients after a parathyroidectomy over the
period of more than 10 years. Recurrence rate was dependent
on final IOPTH values. With an IOPTH drop of less than
40 pg/mL (4.24 pmol/L) 1 year recurrence rate was 0.5%,
2 years recurrence rate was 1.5%, and 5 years recurrence rate
was 4.3%. In contrast, with IOPTH level above 60 pg/mL
(6.36 pmol/L), recurrence rate at 1 year was 3.7%, at 2 years
was 9.5%, and at 5 years was 25.2% [42].

13.8 PHPT During Pregnancy

Prevalence of PHPT during pregnancy was reported between
0.15% and 1.4%. PHPT may have serious consequences to the
mother and to the fetus if it remains unrecognized or untreated.
In up to 80% of patients, it is not recognized due to physiologi-
cal changes during pregnancy that mask gestational PHPT,
such as hemodilution related to intravascular fluid expansion,
hypoalbuminemia, increased glomerular filtration rate result-
ing in hypercalciuria, and transplacental transfer of calcium.
Clinical presentation of PHPT may range from hyperemesis,
lethargy, hypertension, thirst, abdominal pain, depression,
constipation, bone fracture, maternal heart rhythm disorders,
maternal hypertension to preeclampsia, nephrolithiasis, pan-
creatitis, hyperemesis gravidarum, and hypercalcemic crisis.
Because the understanding of this concept and standard moni-
toring of all pregnant patients in developed countries, the pre-
sentation of PHPT during pregnancy is very mild, and it is
diagnosed in earlier stages [25, 56-62]. As it was mentioned
earlier, sestamibi scan is contraindicated during pregnancy due
to radiation exposure risk to the fetus [25, 26]. Ultrasound is
the only diagnostic option since it carries no risk of radiation
exposure and is easy to perform [25]. Management of PHPT
during pregnancy should be individualized based on symptoms
and severity of hypercalcemia. Parathyroidectomy is indicated
in symptomatic patients and patients with severe hypercalce-
mia, when calcium level is elevated above 11 mg/dL
(2.74 mmol/L). Parathyroidectomy should be performed only
in the second trimester to prevent miscarriage and anesthetic
drugs exposure in the first trimester or spontaneous delivery in
the third trimester [62]. Mild form of PHPT causes low risk of
maternal and obstetrical complications; therefore the patients
can be managed conservatively, and parathyroidectomy can be
deferred until after the delivery. Some medications, such as
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bisphosphonates, are contraindicated during pregnancy [63].
Calcitonin showed limited data and poor effectiveness, but it
does not cross the placenta and appears to be safe [64].
Cinacalcet has shown good results in several studies, although
safety data are limited [65, 66]. Recent paper published by Rigg
et al. retrospectively reviewed data of 28 pregnant patients with
PHPT (22 managed medically and 6 surgically by elective para-
thyroidectomies) showed that 30% of those who were managed
medically developed preeclampsia, and 66% managed medi-
cally had preterm deliveries [67].

13.9 Location of Ectopic Parathyroid Glands

Since embryological development of the inferior parathyroid
glands is closely related to the thymus, both derived from the
third pharyngeal pouch, the location of the inferior parathy-
roid glands usually can be found within the proximity to the
inferior pole of the thyroid lobe: inferiorly, laterally, or posteri-
orly [68]. The inferior parathyroid gland can be found in the
superior horn of the thymus or thyrothymic ligament in about
25% cases [69]. It could be medial to the inferior pole on the
trachea in 8% or lateral in about 12% [70].

Ectopic location of the inferior parathyroid gland is related
to the failure of the gland to detach from the thymus. They
could be found anywhere along the line of descent of the thy-
mus. Ectopic migration of parathyroid gland could be either
high or low.

From undescended or incompletely descended (1% of
cases), much higher in the neck at the level of angle of mandi-
ble, such as at the level or above the carotid bifurcation; 2-3 cm
lateral to or above the superior pole of the thyroid lobe; in
proximity to the submandibular salivary gland (that makes it
very difficult to evaluate by sestamibi scan which usually shows
persistent uptake at the salivary glands); intrathyroidal (1% of
cases); to excessively descended, in about 3% cases can be found
very low in the upper chest at the level of aortic arch, below it,
or at pericardium [69, 71].

Surgical steps can be undertaken to locate a missing inferior
parathyroid gland: dissect lower pole of the thyroid lobe in the
plane to the RLN, dissect along and into the thyrothymic liga-
ment or posterior thymus; look into the intrathyroidal location
at the inferior pole of the thyroid lobe; look for undescended
lower gland in the carotid sheath at the level of carotid
bifurcation and above the bifurcation at the level of the skull
base [72].

Superior parathyroid glands originated from dorsal wing of
the fourth pharyngeal pouch and migrate down a shorter dis-
tance compared to inferior glands that makes an ectopic loca-
tion more predictable [72]. Ectopic superior parathyroid glands
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can be found between the thyroid gland and carotid artery, or
adjacent to the carotid artery. Superior parathyroid gland also
could be intrathyroidal but less likely than inferior. The surgi-
cal steps that could be undertaken to locate a missing superior
parathyroid gland include as follows: mobilize the superior
pole of the thyroid lobe with rotation of the thyroid medially,
looking superiorly, medially or posteriorly to the upper pole of
the thyroid lobe; dissect deep under tubercle of Zuckerkand];
dissect a plane deep and posterior to the recurrent laryngeal
nerve along the esophagus toward the posterior mediastinum;
dissect down paraesophageal or retroesophageally; dissect lat-
eral to the recurrent laryngeal nerve along the medial border of
the common carotid artery; dissect into the carotid sheath cau-
dally; dissect deep to the inferior thyroid artery; dissect into
retrolaryngeal retrotracheal space [71, 72].

13.10 Prediction and Treatment
of Postoperative Hypocalcemia

Complications of parathyroid surgery include hypocalcemia
and recurrent laryngeal nerve injury. Collaborative Endocrine
Surgery Quality Improvement Program (CESQIP) data from
2014 to 2017 showed that hypocalcemia develops in 2.4% of
patients after first time parathyroidectomy, and in 10.5% of
patients after remedial parathyroidectomy [73]. Temporary
hypoparathyroidism and hungry bone syndrome can develop
in 1.8-42% of patients after parathyroidectomy [74, 75]. The
rate of permanent hypoparathyroidism is reported in up to
3.6% of patients after initial surgery, and the rate increases in
patients having bilateral neck exploration [5]. To predict devel-
opment of hypocalcemia, immediate postoperative PTH level
can be measured and be predictive of the development of post-
operative hypocalcemia symptoms [76]. A study of patients
after a thyroidectomy showed that there was no statistically
significant difference in predicting postoperative hypocalcemia
when PTH levels were measured at 1 hour after the surgery
versus at 24 hours after the surgery [77]. Another study of
patients after a thyroidectomy showed that PTH levels less
than 10 pg/mL (1.06 pmol/L) at 4 hours after the surgery accu-
rately predict postoperative drop of serum calcium level below
8.02 mg/dL (2.0 mmol/L) [78]. Intraoperative or early postop-
erative intact PTH levels less than 15pg/mL (1.59 pmol/L)
increase the risk for symptomatic postoperative hypocalcemia.
The reduction of the IOPTH level by 85% is predictive of the
development of post-parathyroidectomy hypocalcemia in
patients with PHPT [79]. An intact PTH level measured on
postoperative day 1 after the parathyroidectomy showed the
highest ability to predict temporary hypoparathyroidism, but
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not hungry bone syndrome. The best time for the evaluation of
hungry bone syndrome is between postoperative day 5 and 7.
Most centers perform the parathyroidectomy on an outpatient
basis as a same day surgery; therefore delayed assessment of
PTH level is not always possible prior to patient discharge from
the hospital. Since development of hungry bone syndrome is
difficult to predict and in order to prevent postoperative hypo-
calcemia, a routine, empiric, prophylactic postoperative admin-
istration of oral calcium with vitamin D is recommended to
avoid development of symptoms in the early postoperative
period [5, 76, 80]. It also appeared to be the most cost-effective
approach. Recent statement of the American Association of
Clinical Endocrinologists and American College of
Endocrinology recommended routine, prophylactic treatment
with oral calcium with or without calcitriol for all patients after
a parathyroidectomy to prevent transient hypocalcemia [81]. If
a IOPTH value measured at 20 minutes or longer after the
parathyroidectomy is >15 pg/mL (1.59 pmol/L), the patient
can be discharged home on a prophylactic oral calcium dose of
between 500 mg and 1000 mg 3 times a day. If IOPTH
level < 15 pg/mL (<1.59 pmol/L), calcitriol at dose 0.5 to 1.0
mcg twice a day should be started in addition to calcium and,
possibly, magnesium supplementation. Patients also can be
observed in the hospital overnight. In order for calcitriol to be
effective, it may take up to 72 hours. For patients who develop
severe symptoms of postoperative hypocalcemia, intravenous
calcium is administered as 1-2 gram boluses in 50 mL of 5%
dextrose infused over 20 minutes. If symptoms of severe hypo-
calcemia persist despite supplementation, then an intravenous
calcium infusion of a solution composed of 11 grams of cal-
cium gluconate added to normal saline or 5% dextrose water,
to provide a final volume of 1000 mL, is administered at 50 mL/
hour intravenous infusion rate and adjusted to maintain the
calcium level in the low normal range [81, 82].

13.11 Postoperative Follow-Up

Postoperative follow-up should include measurements of cal-
cium and PTH level shortly after the surgery and in 6 months
after the parathyroidectomy. Persistent PHPT is defined as a
failure to achieve normocalcemia within 6 months of parathy-
roidectomy, while recurrent PHPT is defined by the recurrence
of hypercalcemia after a normocalcemic interval at more than
6 months after the parathyroidectomy [5]. When a diagnosis of
persistent or recurrent PHPT is established, the patient should
be re-evaluated with confirmatory biochemical tests to confirm
the diagnosis of PHPT, and then assess to determine indica-
tions for surgery. Prior surgical records should be obtained and
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reviewed, new imaging studies should be obtained, and RLN
function should be evaluated prior to surgery [5].

13.12 Long-Term Effect of Parathyroidectomy
in Patients with PHPT

Successful parathyroidectomy will result in normalization of
bone resorption markers within hours of surgery, with subse-
quent more gradual increase in bone mineral density as early as
6 months post parathyroidectomy at the lumbar spine and hip,
and the distal 1/3 radius [83]. Parathyroidectomy was also asso-
ciated with a 64% reduction in the absolute risk of hip fractures
[50, 84, 85]. Despite the fact that nephrolithiasis risk decreases
following parathyroidectomy, it has not been shown to improve
renal function [53, 86].

Several studies have shown a positive effect of parathyroid-
ectomy on left ventricular mass index, a predictor of cardiovas-
cular mortality. They reported that the highest preoperative
PTH levels were associated with the greatest improvements.
The clinical significance of the left ventricular mass improve-
ment is unclear; therefore the Proceedings of the Fourth
International Workshop suggested that there are no data to
support that cardiovascular evaluation should be part of the
workup of PHPT, or that surgery should be undertaken to
improve cardiovascular markers or function [83, 87, 88].

Quality of life of patients with PHPT have been studied as
well, but most of the neurocognitive complaints are nonspecific
and symptoms can be difficult to quantify. Several assessment
scoring systems have been developed: the PAS (parathyroid
assessment of symptoms) score, the PHPQoL (primary hyper-
parathyroidism quality of life) score, and SF-36. SF36 quality
of life scale scores include vitality, physical functioning, body
pain, general health, role physical, role emotional, role social,
and role mental health. The PAS scores include feeling tired,
feeling thirsty, mood swings, joint pains, irritability, feeling
blue, feeling weak, itchy, forgetful, headache, abdominal pain,
bone pain, and ability to move off chair. Based on those two
scoring systems, the follow-up studies of patients with PHPT at
6 months and 12 months after a successful parathyroidectomy
showed improvement of the quality of life that appeared to be
stable for at least 10 years after the surgery [§9-94].

O Answers to the Questions
1. (b); 2. (e); 3. (c); 4. (d); 5. (e); 6. (d); 7. (e); 8. (e); 9. (d); 10.
(b); 11. (d); 12. (e); 13. (d); 14. (e); 15. (e); 16. (e); 17. (¢); 18. (d);
19. (b); 20. (b); 21. (a); 22. (a)
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