Ann k. Kearns
Robert A.Wermers Editors

AV

Hyperparathyroidism
A Clinical Casebook

@ Springer




Hyperparathyroidism






Ann E. Kearns

Robert A. Wermers
Editors

Hyperparathyroidism

A Clinical Casebook

@ Springer



Editors

Ann E. Kearns Robert A. Wermers

Mayo Clinic Mayo Clinic

Rochester, MN, USA Rochester, MN, USA

ISBN 978-3-319-25878-2 ISBN 978-3-319-25880-5 (eBook)

DOI 10.1007/978-3-319-25880-5
Library of Congress Control Number: 2016930302

Springer Cham Heidelberg New York Dordrecht London

© Mayo Foundation for Medical Education and Research 2016

This work is subject to copyright. All rights are reserved by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation,
reprinting, reuse of illustrations, recitation, broadcasting, reproduction on microfilms
or in any other physical way, and transmission or information storage and retrieval,
electronic adaptation, computer software, or by similar or dissimilar methodology
now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks,
etc. in this publication does not imply, even in the absence of a specific statement, that
such names are exempt from the relevant protective laws and regulations and there-
fore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and
information in this book are believed to be true and accurate at the date of publica-
tion. Neither the publisher nor the authors or the editors give a warranty, express or
implied, with respect to the material contained herein or for any errors or omissions
that may have been made.

Printed on acid-free paper

Springer International Publishing AG Switzerland is part of Springer
Science+Business Media (www.springer.com)


www.springer.com

Preface

Once you start studying medicine, you never get through with it.
Charles H. Mayo, MD

The practice of medicine is one of continuous learning through clini-
cal experience. In this volume, we have collected observations
obtained through the clinical practice of expert clinicians. Each chap-
ter begins with a case history, which describes insights into the dis-
ease of hyperparathyroidism, use of diagnostic tests in its evaluation,
implementation of medical and surgical therapeutic interventions,
and clinical outcomes. This approach is a useful real-life approach to
learning through the patient encounters physicians have every day.

The contributing authors were encouraged to choose cases
that provide relevant pearls and highlight the state of the art of
patient management. Reasoned opinion is provided when evi-
dence is less clear. The hope is that this format stimulates the
self-directed learning, centered on patient care questions, that is
the hallmark of the profession of medicine and that is relevant
to learners at all levels of experience.

We would like to acknowledge the authors for their work in
putting together their collective experiences and observations to
share with others. We also want to thank the patients who pro-
vided and continue to provide the inspiration to ask questions
and seek answers, to ultimately continue learning.

Rochester, MN, USA Ann E. Kearns, MD, PhD
Robert A. Wermers, MD
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Chapter 1
Asymptomatic Primary
Hyperparathyroidism

Danae A. Delivanis and Robert A. Wermers

Case Presentation

A 65-year-old female was referred for evaluation of primary
hyperparathyroidism (PHPT). Review of symptoms was signifi-
cant for a 7-month history of bilateral shoulder pain as well as
bilateral lower extremity muscle aches. An evaluation by rheu-
matology, including a workup for inflammatory processes, was
unrevealing. A 6-week trial of corticosteroids for possible poly-
myalgia rheumatica was given with some improvement of
symptomatology. The patient denied polyuria, polydipsia,
abdominal pain, fatigue, or constipation. Her mood was stable.
A laboratory investigation revealed hypercalcemia with a
serum calcium — 10.3 mg/dL (nl, 8.9-10.1), phosphorus — 4.2 mg/
dL (nl, 2.5-4.5), creatinine — 1.0 mg/dL with an estimated GFR
>60 mL/min/BSA, intact parathyroid hormone (PTH) — 68 pg/
mL (nl 15-65), and 25-hydroxyvitamin D — 28 ng/mL. Upon
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further review of her electronic medical record, calcium levels
have been persistently elevated over the last 5 months with a
maximum calcium elevation of 10.4 mg/dL.

She was not on hydrochlorothiazide or lithium and did not
have a history of prior lithium use, but was on a transdermal
estrogen patch 0.05 mg/24 h weekly, which was often not
removed for 3—4 weeks at a time. She denied a history of head
or neck radiation. Her daily dietary calcium intake was esti-
mated at 600 mg in addition to a daily multivitamin, and she
denied both calcium and vitamin D supplementation. Her family
history was negative for hypercalcemia or familial parathyroid
syndromes.

Her past medical history was negative for fragility fractures,
but she did believe she had some height loss. She denied a history
of nephrolithiasis. A dual-energy X-ray absorptiometry (DXA)
bone mineral density (BMD) was done 3 years prior and revealed
well-preserved bone at the spine and hip by patient report.

Assessment and Diagnosis

The most common presentation of PHPT is asymptomatic
hypercalcemia. Indeed, in the most recent population-based
study on the epidemiology of PHPT, from 1998 to 2010 only
11 % of community-dwelling patients presented with symptoms
[1]. The diagnosis is usually first suspected through the inciden-
tal finding of an elevated serum calcium concentration on bio-
chemical screening tests. More recently, an increased incidence
of PHPT has been observed, likely due to case ascertainment
bias from targeted screening in patients being evaluated for
osteoporosis [1]. PHPT is usually confirmed with a concomitant
elevation in calcium and PTH concentration or when PTH is in
the normal range but inappropriately when associated with
hypercalcemia. It is important to understand that the diagnosis
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of PHPT is made through biochemical evaluation. Localization
studies should only be considered when the decision to proceed
with a surgical approach has been made.

Factors complicating the biochemical diagnosis of PHPT
include fluctuation of serum calcium and PTH levels that can be
seen in patients. It is well recognized that in normal individuals,
PTH secretion is dynamic in nature, with intermittent pulses
superimposed upon a background basal secretion [2]. Also,
PTH secretion has a circadian thythm [3], and nonsteady-state
perturbations of the parathyroid glands have dramatic effects on
PTH secretion [4]. In subjects with PHPT, PTH secretion and
expression can be modified by several external factors [5, 6]. In
addition, a significant inverse relationship between parathyroid
gland weight and 25-hydroxyvitamin D levels exists, revealing
that vitamin D deficiency can be associated with more severe
disease [7]. Finally, vitamin D repletion in patients with PHPT
can decrease levels of PTH and bone turnover [8].

Before PHPT is diagnosed, patients may exhibit evidence of
mild abnormalities in calcium homeostasis. As an example, a
population-based study performing screening serum calcium
measurements in 5771 postmenopausal women from Sweden
identified 230 women (4.4 %) with high normal serum calcium
results or hypercalcemia without clear criteria for PHPT.
Subsequent evaluation more than 8 years later observed that
45 % of these women met diagnostic criteria for PHPT [9].
Normocalcemic PHPT is defined by a normal serum calcium
and elevated PTH without a secondary cause of the PHPT such
as hypovitaminosis D, chronic kidney disease (CKD), or hyper-
calciuria (see Chap. 18) [10]. Patients with normocalcemic
PHPT have similar clinical characteristics to PHPT including
that most with this disorder are postmenopausal women. In
addition, a significant number of patients with normocalcemic
PHPT subsequently develop hypercalcemia (19 %) [10] and
clinical complications similar to those seen in hypercalcemic
PHPT [11, 12].
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Management

Although patients with symptomatic PHPT should consider
parathyroid surgery, the widespread identification of asymptom-
atic individuals raises the question of need for and timing of
surgical intervention in this population. Based on the most
recent guidelines [13], several tests are recommended to assess
the most appropriate clinical management. Measurement of
serum creatinine and estimated glomerular filtration rate (¢GFR)
as well as imaging studies of the kidneys to screen for occult
kidney stones are recommended evaluations for potential renal
complications related to PHPT. In order to distinguish PHPT
from familial benign hypocalciuric hypercalcemia (FHH) and
also to determine risk of kidney stones, a measurement of a 24-h
urinary calcium and creatinine should be considered. In addi-
tion, to assess for osteoporosis possibly related to PHPT, DXA
BMD of the spine, hip, and wrist and imaging to screen for
presence of vertebral compression fractures is suggested.
Finally, measurement of 25-hydroxyvitamin D is useful since
vitamin D deficiency is highly prevalent in PHPT and if present
can increase the PTH measurement [14].

The indications for parathyroid surgery, in an otherwise
asymptomatic PHPT patient, are shown in Table 1.1 as pre-
sented in the Fourth International Workshop on this condi-
tion [13]. Fulfilling one of the criteria is sufficient to
recommend a surgical approach. These guidelines have been
proposed to help the provider and patient decide on the
advisability of parathyroid surgery. However, there are sev-
eral cases where clinical judgment should be applied. For
example, in an elderly patient with asymptomatic PHPT and
a slight age-related decrease in GFR, observation may be
appropriate. In the same way, older individuals with increased
fracture risk and mild hypercalcemia without fragility frac-
tures may consider osteoporosis medical therapy rather than
parathyroidectomy.



1 Asymptomatic Primary Hyperparathyroidism 5

Table 1.1 Guidelines for surgery in asymptomatic primary
hyperparathyroidism

Assessment

Serum calcium (> upper 1.0 mg/dL (0.25 mmol/L)

limit of normal)

Skeletal Bone mineral density: T-score <2.5 at
lumbar spine, total hip, femoral neck,
or distal 1/3 radius

Vertebral fracture by imaging

Renal Creatinine clearance <60 mL/min

24-h urine calcium >400 mg/day
(>10 mmol/day) and increased stone
risk by biochemical stone risk analysis

Presence of nephrolithiasis or
nephrocalcinosis by radiograph,
ultrasound, or computed tomography

Age (years) <50

Adapted from the Fourth International Workshop of asymptomatic primary
hyperparathyroidism [13]

Regarding calcium and vitamin D intake for patients with
asymptomatic PHPT, studies have shown that there is no indica-
tion for dietary calcium restriction; 800-1000 mg daily dietary
calcium intake is recommended, but less may be considered in
patients with hypercalciuria [15]. In addition, vitamin D-deficient
patients with PHPT have been shown to have higher levels of
PTH, markers of bone turnover, and more frequent fractures
than vitamin D-replete patients [14]. Vitamin D repletion in
patients with PHPT doesn’t exacerbate hypercalcemia and low
serum 25-hydroxyvitamin D should be replaced with vitamin D
supplementation aiming to bring the serum 25-hydroxyvitamin
D levels to the level of at least 20 ng/mL [8, 16].

In this case, a DXA BMD revealed osteopenia at the total hip
and femur neck with T-scores of —1.1 and —1.5, respectively,
well-preserved bone density at the lumbar spine with a T-score
of —=0.1, and a nondominant left one-third radius T-score of —0.9.
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Spine radiographs did not reveal compressive fractures. Her
10-year risks for a major osteoporotic fracture and hip fracture
were 10 % and 1.5 %, respectively. Imaging of her kidneys was
negative for urinary calculi. Her 25-hydroxyvitamin D defi-
ciency level was sufficient. A 24-h urine calcium was 135 mg
with a fractional excretion of filtered calcium of 0.014, which in
conjunction with a negative family history of hypercalcemia
made FHH unlikely.

After completion of the initial evaluation, the patient was seen
for follow-up to determine management of her mild and uncom-
plicated PHPT. The natural history of mild PHPT suggests that
progression can occur, such that by 15 years of prospective fol-
low-up, as many as one-third of subjects will demonstrate more
overt features of the disease (e.g., kidney stones, worsening
hypercalcemia, and reduced BMD) [17]. Hence, surgery should
be considered in patients for whom medical surveillance is not
desired. In addition, compared to observation, successful para-
thyroid surgery is associated with spine and hip bone density
improvement [18], reduced rate of nephrolithiasis among those
with a history of renal stone disease [19], and there may be
improvement in some neurocognitive elements [20-22]. In these
cases, an informed discussion needs to be had and patient’s pref-
erence is pivotal for a shared decision-making approach. With
advances in the effectiveness and safety of surgical techniques,
particularly in the hands of expert parathyroid surgeons [23, 24],
the decision to remove the abnormal parathyroid tissue is often
reinforced by the added confidence of its success and limited risk
of postoperative complications.

Given the patient’s ongoing symptoms of lower extremity
pain as well as concern of long-term complications and progres-
sion of PHPT, she elected to consider parathyroid surgery and
meet with an experienced endocrine surgeon. A parathyroid
scan was subsequently performed, but was non-localizing. After
her appointment with the surgeon, she elected to observe, rather
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Table 1.2 Guidelines for monitoring observed patients with mild asymp-
tomatic primary hyperparathyroidism

Assessment

Serum calcium Annually

Skeletal Bone mineral density every 1-2 years (spine, hip, wrist)
Imaging of spine if clinically indicated (e.g., height loss,
back pain)
Renal eGFR, serum creatinine annually

If renal stones suspected, 24-h biochemical stone
profile, renal imaging by X-ray, ultrasound,
or computed tomography

Adapted in part from the Fourth International Workshop of asymptomatic
primary hyperparathyroidism [13]

to proceed with parathyroidectomy. Asymptomatic patients who
do not undergo surgery require monitoring for worsening hyper-
calcemia, renal impairment, and bone loss. The development of
any of these findings may indicate disease progression and the
reconsideration of surgical intervention. The Fourth International
Workshop [13] recommendations for monitoring asymptomatic
PHPT are outlined in Table 1.2.

Outcome

Repeat laboratory investigations and a follow-up visit were
scheduled in a year time interval. Given the fact that level of
25-hydroxyvitamin D was 28 ng/mL, it was recommended to
continue with dietary intake of vitamin D 800 IU daily and as
well maintain a moderate dietary calcium intake of about
1000 mg/day. Finally, the patient was instructed to avoid
dehydration and to contact us if any problems related to PHPT
occurred in the interim.
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Clinical Pearls/Pitfalls

* Most PHPT patients in the community are asymptom-
atic and identified incidentally through a serum cal-
cium measurement.

* An evaluation of PHPT-related complications should
be performed prior to deciding upon management.

» Patients who do not meet surgical criteria or are
unable or unwilling to proceed with parathyroidec-
tomy should be monitored on an annual basis, since
over time approximately one-third of patients will
demonstrate disease progression.

» Parathyroid localization is not used to diagnose PHPT
and should only be ordered if surgery is decided upon
through a shared decision-making approach.

* Consider the possibility of FHH before referring the
patient for possible parathyroid surgery.

Conflicts of Interest All authors state that they have no conflicts of
interest.
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Chapter 2
Severe Primary
Hyperparathyroidism

Ann E. Kearns

Case Presentation

A 58-year-old female with a history of Hodgkin lymphoma treated
with chemotherapy 20 years prior presented with left leg pain after
a fall from standing height. Physical exam was notable for defor-
mity of the left lower extremity and a large left-sided neck mass.
Left hip x-ray confirmed a subtrochanteric femur fracture and a
lytic lesion. Lucent lesions were noted on the left femoral shaft
and patella (Fig. 2.1). Computed tomography (CT) scan of the
chest, abdomen, and pelvis was notable for a 3.5x2.5 cm peritra-
cheal nodule with local compression of the trachea. Widespread
“metastatic” lytic lesions were noted diffusely throughout the
axial and appendicular skeleton, and non-obstructing calyceal tip
stones were also present. Laboratory results revealed a serum cal-
cium of 15.6 mg/dL (8.9-10.2 mg/dL), alkaline phosphatase of
399 units/L (46118 U/L), and a mild normocytic anemia.
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2 Severe Primary Hyperparathyroidism 13

Her hypercalcemia was treated with aggressive intravenous
fluid administration, subcutaneous calcitonin, and zoledronic
acid 4 mg. Her calcium level normalized. An ultrasound of the
neck showed a solid mass encompassing the left lobe of the
thyroid with sonographic features of malignancy. Parathyroid
hormone (PTH) was 1510 pg/mL (15-65 pg/mL), and
25-hydroxyvitamin D was undetectable. The thyroid-stimulating
hormone (TSH) level was 3.5 mIU/L (0.3-5.0 mIU/L). Fine-
needle aspiration (FNA) of the neck mass was positive for neo-
plastic cells with Hiirthle cell features.

Assessment and Diagnosis

The most likely diagnosis for a patient presenting with a patho-
logic fracture, lytic bone lesions, and severe hypercalcemia is
widespread malignancy. The presence of a neck mass would
also be consistent with a malignancy. The cytology of FNA does
not prove or disprove malignancy. Although thyroid cancers
such as follicular, medullary, or anaplastic thyroid carcinoma
can metastasize to the bone, they are not generally associated
with hypercalcemia. The profound elevation of PTH indicates a
PTH-mediated hypercalcemia. The findings of severe hypercal-
cemia, significant elevation of PTH, and a neck mass are highly
suspicious for parathyroid carcinoma [1-3]. Cytologic features
alone on FNA cannot distinguish thyroid and parathyroid tissue
nor parathyroid carcinoma from benign parathyroid tissue.
Lytic bone lesions are a common finding when widespread
malignancy metastasizes to the bone and also in multiple
myeloma which can also result in severe hypercalcemia. Osteitis
fibrosa cystica is a skeletal disorder with lytic bone lesions
related to hyperparathyroidism. Although rarely seen in the
USA today, it occurs in severe long-standing primary hyper-
parathyroidism and parathyroid carcinoma. The proliferation
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and activity of osteoclasts in response to PTH leads to cystic
defects that can produce pain and be locally aggressive, result-
ing in pathologic fractures. This is often initially mistaken for
widespread malignancy [4]. However, the lesions are composed
of numerous multinucleated giant cells admixed with fibroblasts
and associated with interstitial hemorrhage marked by hemosid-
erin deposition, resulting in a brown appearance (“brown
tumors”). The imaging and histology in isolation may not be
diagnostic for osteitis fibrosa cystica due to overlapping features
with other conditions but in addition to the biochemical and
clinical picture, can lead to the correct diagnosis.

When parathyroid carcinoma is a concern, as in this set-
ting, the surgical team should be alerted to this possibility so
that the appropriate en bloc surgical resection can be per-
formed (see Chap. 10). Also when parathyroid carcinoma is a
concern, FNA is not diagnostic and has the potential for tumor
seeding [5].

Management

The subtrochanteric femur fracture required resection and endo-
prosthetic replacement. The pathology from the operation
revealed a brown tumor of hyperparathyroidism (Fig. 2.2). The
patient then underwent neck surgery with excision of a
5.3%3.5%2.2 cm left superior parathyroid adenoma that was
adherent to the left lobe of the thyroid but did not show invasion
to suggest carcinoma. Postoperatively, hypocalcemia and hypo-
phosphatemia developed, and she was treated with calcium,
initially intravenous via central line, and calcitriol.
Hypocalcemia following parathyroidectomy is common but
usually transient and not symptomatic. Hungry bone syndrome
is the term used to describe prolonged, severe, symptomatic
hypocalcemia, often with hypophosphatemia, accompanied by
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normal or elevated PTH levels [6]. This distinguishes it from
postoperative hypoparathyroidism in which the PTH is low and
the phosphorus is increased. Depending on the severity of
hypercalcemia at the time of surgery, the development of hypo-
calcemia due to hypoparathyroidism may be delayed up to 48 h
postoperatively. Postoperative hypoparathyroidism is often also
accompanied by significant hypercalciuria, due to the loss of
PTH-stimulated renal tubular reabsorption of calcium, and is
not seen in hungry bone syndrome. The hypophosphatemia of
hungry bone syndrome does not usually require replacement
(unless <1.0 mg/dL), and intravenous phosphorus should be
avoided due to the further lowering of calcium seen with it. In
this case, hypocalcemia developed rapidly following parathy-
roidectomy, as her calcium was normalized preoperatively. Her
coexistent vitamin D deficiency may also have contributed to
hungry bone syndrome.

Reduction in bone resorption and increase in bone formation
occur acutely after removal of the abnormal parathyroid tissue,
resulting in the large influx of calcium into the bone. Although
the incidence of hungry bone syndrome is not well defined, an
older case series identified the volume of resected parathyroid
adenoma, preoperative blood urea nitrogen, preoperative
alkaline phosphatase, and older age as predictors of its develop-
ment [7]. The presence of bone disease also is a risk factor [6].
The treatment of hungry bone syndrome requires calcium
(sometimes intravenous) and calcitriol and may last for months.
The use of bisphosphonates to lower bone remodeling and pre-
vent the development of hungry bone syndrome has been
reported in small series [8—10]. Our patient did receive preop-
erative zoledronic acid but still developed hungry bone syn-
drome. In contrast to bisphosphonates, preoperative cinacalcet
therapy in secondary hyperparathyroidism may be a risk for
lower calcium postoperatively [11, 12]. Prospective trials have
not been performed to inform the optimal treatment or preven-
tion of hungry bone syndrome.
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Outcome

Over the 6 months following dismissal from the hospital, hypo-
calcemia resolved and calcitriol was discontinued. The bone
lesions showed sclerosis consistent with interval healing.

Clinical Pearls/Pitfalls

» Severe bone disease from PHPT (osteitis fibrosa cys-
tica) can mimic metastatic malignancy.

e Cytology on FNA cannot distinguish thyroid tissue
from parathyroid tissue nor benign parathyroid tissue
from parathyroid carcinoma.

* A prior FNA can make histologic assessment of inva-
sion difficult due to biopsy site changes and has a
remote risk for tumor rupture or seeding tumor cells.

» Postoperative hypocalcemia from hungry bone syn-
drome is more likely in patients with severe long-stand-
ing hyperparathyroidism and evidence of related bone
disease.
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Chapter 3
Nephrolithiasis in Primary
Hyperparathyroidism

Johann P. Ingimarsson and John C. Lieske

Case Presentation

A 73-year-old female is incidentally found to have five right and
two left 1-5 mm calyceal kidney stones on an abdominal ultra-
sound that are confirmed on a subsequent CT scan, both per-
formed for an abdominal pain thought to be biliary in origin. She
has no known history of passing kidney stones, but did have an
episode of severe crampy abdominal and flank pain some years
prior which resolved. Her past medical history is significant for
cervical cancer at age 35, hysterectomy, bilateral knee replace-
ment, gastritis, bronchitis, and insomnia. Her two children both
have had symptomatic kidney stones. She is not on any litho-
genic medications or thiazide diuretics. She is found to have
serum calcium of 10.6 mg/dL (nl 8.9-10.1 mg/dL), phosphorus
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of 3.1 mg/dL (nl 2.5-4.5 mg/dL), and parathyroid hormone of
95 pg/mL (nl 15-65 pg/mL). Her 24-h urinary calcium was mod-
estly elevated at 242 mg/day (normal for females <200 mg/day).
Other notable values on the urine collection included a low vol-
ume (1200 mL) and a pH of 6.9 with a citrate of 419 mg/day (nl
>430 mg/day). A subsequent sestamibi scan revealed an unequiv-
ocal left superior parathyroid adenoma.

Assessment and Diagnosis

Primary hyperparathyroidism (PHPT) is a known risk factor for
urinary stone disease. Among patients presenting with urinary
stone disease, the incidence of PHPT is 2—8 % [1]. In the era
before routine serum calcium testing, 40-60 % of PHPT patients
developed urinary calculi [2, 3]. In the current era, when more
patients are diagnosed with asymptomatic PHPT based on blood
calcium and parathyroid hormone (PTH) levels, most studies
report a urinary stone incidence of less than 20 % [4]. This com-
pares to a population urinary stone disease incidence of about
11 % [5]. On one extreme of the spectrum, among a cohort of
patients with hypercalcemia, high PTH levels, and no secondary
cause of hyperparathyroidism, Odvina and colleagues reported
in 2007 that 60 % had a urinary stone [6]. In another cohort
selected on the basis of surgically proven PHPT, Suh and col-
leagues reported in 2008 that renal sonograms revealed urinary
stones in 7 % of asymptomatic patients [7].

The reason for increased lithogenesis in PHPT is still a mat-
ter of some uncertainty. Numerous studies have compared
demographic factors as well as serum and urinary chemistries
between PHPT patients with stones versus PHPT without
stones, as well as controls. The best-established demographic
risk factors are male gender and young age [8] (both unlike our
current patient).
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The physiologic actions of PTH supply some clues regard-
ing possible mechanism(s) whereby PHPT might be associated
with urinary stones. Major effects include stimulation of 1-alpha
hydroxylation in the kidney, which in turn promotes formation of
active 1,25-dihydroxy vitamin D, inhibition of renal phosphate
reabsorption, and stimulation of bone resorption to release cal-
cium and phosphate. Increased 1,25-dihydroxy vitamin D also
stimulates gastrointestinal absorption of calcium and phosphorus.
The net effect is to raise serum calcium but not phosphorus [9].

Although PTH also increases tubular reabsorption of cal-
cium, net renal calcium excretion rises because the filtered load
of calcium increases (due to the hypercalcemia) [10]. Since
hypercalciuria is a well-defined risk factor for urinary stone
disease, it is not surprising that PHPT might increase stone risk.

Nevertheless, the association between hypercalciuria and
stone formation in patients with PHPT has been inconsistent in
the literature. While some have found an association [6, 11-13],
others find none [8, 14—16]. Thus a normal or relatively normal
24-h urine calcium excretion, as was the case for our patient, is
often observed. It does seem that calcium metabolism is impor-
tant, since calcium oxalate and phosphate stones predominate in
PHPT, while uric acid stones are proportionally less common
than in the general population [6, 10]. In addition, calcium phos-
phate stones appear to occur somewhat more commonly than in
non-PHPT stone formers [10, 17]. Urine parameters other than
calcium excretion have not been reproducibly associated with
stone formation in PHPT. Polymorphisms in the calcium-
sensing receptor gene may be associated with the risk of neph-
rolithiasis in PHPT [18].

Hypercalcemia is the most important clue to the diagnosis of
PHPT in the setting of stone disease, since the vast majority of
surgically proven cases will have at least some degree of
elevation in serum calcium, often combined with hypophospha-
temia [10]. Pooled from several studies, the mean serum
calcium level for hyper parathyroid stone formers was
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11.2 mg/dL (nl 8.9-10.1 mg/dL). A large portion of patients
have values close to 10.5 mg/dL, which is the normal cutoff in
many labs. Elevated serum calcium has a high positive predic-
tion of hyperparathyroidism. The added feature of hypophos-
phatemia decreases the false-positive prediction. As PHPT is
one of the few reversible causes of urinary stones, a high level
of suspicion for the diagnosis is prudent in a stone former with
even mild hypercalcemia [10, 19].

On the other hand, it is not possible to reliably diagnose
PHPT in the absence of hypercalcemia, since in many such
cases the elevation in PTH represents a physiologically appro-
priate response [9]. Thus routine screening of stone clinic popu-
lations with PTH levels in the absence of hypercalcemia is not
recommended [19].

Management

The patient underwent an uneventful left superior parathyroid-
ectomy. Unfortunately, 5 weeks later she suffered a myocardial
infarct with somewhat a prolonged recovery. Therefore her
asymptomatic renal stones were not addressed surgically at that
time. Her serum calcium ranged from 8.7 to 9.7 mg/dL
postoperatively.

Outcome

Fourteen and 31 months after the parathyroidectomy, the patient
required surgery to remove ureteral stones. Their chemical com-
position was 80 % calcium oxalate monohydrate and 20 %
hydroxyapatite. Prior to the latter event, she spontaneously
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passed a few other stones. In 8 years since the last stone surgery,
she has not had a symptomatic stone event. A CT scan done for
another indication 5 years after parathyroidectomy showed no
further stones.

After parathyroidectomy hypercalciuria generally decreases
[16, 20]. However, some studies have shown that in PHPT
patients with prior stone history, the urinary calcium is more
likely to remain above normal range and higher than in healthy
controls [10, 15]. Further, serum phosphate remains in general
lower in patients after parathyroidectomy for PHPT than in
healthy controls [10].

The risk of nephrolithiasis decreases after a curative para-
thyroidectomy. However, the risk remains increased compared
with the general population, with 16 % more stone events
reported in post-parathyroidectomy patients than in the gen-
eral population [21]. Of note patients with a prior history of
stones and PHPT had 76 % more stone events than controls,
whereas PHPT patients without prior stone history only had a
3 % higher risk than controls [21]. Another series reported a
low risk (1.5 %) of renal stone recurrence among preoperative
stone formers after parathyroidectomy and a much lower risk
than observed in idiopathic stone formers (20 %) over the
same time period [22].

With this in mind, the International Workshop on the
Management of Asymptomatic PHPT in 2013 revised its recom-
mendation taking a more assertive stand to state that imaging
findings indicating calcium-containing stones in a patient with
PHPT is an indication for parathyroidectomy [23].

While some of the stones passed after surgery may reflect
those already formed at the time on parathyroidectomy, a third of
patients will form one to four new stones per year in the first
5 years after parathyroidectomy [24]. Nevertheless most stone
events happen in the first 4 years, and at 10 years the risk of
kidney stone events is close to that of the general population [21].
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Clinical Pearls/Pitfalls

* Renal stones are common in PHPT and are associated
with younger age and male gender.

e PTH should be tested in stone formers with
hypercalcemia.

* Among those with PHPT, a history of clinical stone
events and/or the presence of radiologic stones is an
indication for parathyroidectomy.

* Biochemical parameters before or after parathyroidec-
tomy are not consistent predictors of renal stones.

» Renal stone risk decreases after parathyroidectomy, but
probably remains elevated compared to the general
population for up to 10 years.
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Chapter 4
Primary Hyperparathyroidism
and Osteoporosis

Naykky Singh Ospina and Daniel L. Hurley

Case Presentation

A 45-year-old premenopausal Caucasian woman presented to her
primary care physician (PCP) for evaluation of atypical chest pain.
During biochemical evaluation, she was found to have hypercal-
cemia (10.6 mg/dL, normal 8.9-10.1) associated with an elevated
serum parathyroid hormone (PTH) value of 104 pg/mL (normal
15-65), consistent with primary hyperparathyroidism (PHPT).
She had no previous history of fractures and kidney stones or
family history of hypercalcemia. Her calcium intake consisted of
one cup of milk and one to two servings of cheese per day (esti-
mated 500-600 mg/day). She was not taking calcium or vitamin
D supplementation. Her only medication was sumatriptan for
migraine headaches. Her general physical exam was normal.
Laboratory evaluation included a total 25-hydroxyvitamin D
level of 27 ng/mL (optimal range 20-50), creatinine 0.7 mg/dL
(normal 0.6-1.0), and 24-h urine calcium 300 mg (normal
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<275). Dual energy x-ray absorptiometry (DXA) bone mineral
density (BMD) was measured at the hips (total hip sites; left T’
score —1.2, right T score —1.0) and lumbar (L1-4) spine (T
score —1.7).

A discussion of treatment options included parathyroidec-
tomy versus observation, and the patient preferred medical
observation.

Assessment and Diagnosis

PHPT has been associated with bone loss most notable in the
cortical bone compared to cancellous bone [1, 2]. The preva-
lence of osteoporosis assessed by DXA in patients with PHPT
has been found by Cipriani et al. to be close to 60 % with a
prevalence of vertebral fracture of 35 % (study population with
91 % women and a mean age of 63 years) [3]. Conversely, the
prevalence of PHPT in patients with osteoporosis has been
reported between 0.5 and 6.1 % [4].

The identification of concomitant osteoporosis and PHPT is
important since it may alter clinical management, as surgical
correction of PHPT has been associated with improvement of
BMD [5, 6].

Current clinical practice guidelines recommend DXA
BMD evaluation in all patients with PHPT, as BMD results
may change PHPT management toward surgery for potential
skeletal benefits [5]. In a prospective study of patients with
PHPT, only 14 % had a history of clinical fractures at base-
line assessment but 60 % had osteoporosis based on DXA
findings [3].

This DXA evaluation should include BMD measurement at
the radius in addition to the spine and hips, as cortical (compact)
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bone is more susceptible than trabecular (cancellous) bone to
the effects of PTH [2, 5].

The presence of osteoporosis (as defined by fragility frac-
tures or a DXA T score < —2.5) is a strong indication for surgi-
cal intervention in patients with PHPT. This recommendation is
based on BMD improvement in patients that undergo surgical
intervention [5, 7, 8].

In patients with PHPT who have a contraindication for sur-
gery or who refuse surgical intervention, medical management
is an alternative treatment [5, 9]. Most commonly, bisphospho-
nates are the treatment of choice based upon clinical studies
showing improvement of BMD, although data regarding frac-
ture outcomes are lacking [9]. A meta-analysis of patients with
PHPT and calcium levels <12 mg/dL reported improved BMD
at the lumbar spine and femoral neck in patients treated with
surgery or bisphosphonates, without significant change in fore-
arm BMD [7, 9]. In the studies that assessed BMD without
PHPT intervention, decreased BMD was noted at the lumbar
spine, femoral neck, and forearm at 2-year follow-up [7]. It is
important to note that BMD change is only a surrogate marker
for fracture outcome, for which clinical evidence is not available
in patients with PHPT [7, 9].

There is no high-quality evidence available to be able to
recommend when DXA BMD should be repeated after surgi-
cal intervention for PHPT. Studies have shown improvement
in BMD between 12 and 36 months after surgical cure [10,
11]. A repeat BMD at 12-24-month follow-up is advised for
patients who prefer observation or are receiving medical
therapy [5].

Multiple localization techniques which help plan the surgical
procedure are currently available. These studies should only be
performed when surgery is a consideration, since the diagnosis
of PHPT is based on biochemical evidence alone [5, 8].
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Available localization techniques include neck ultrasound,
sestamibi scintigraphy, computerized tomography (CT) scan-
ning, magnetic resonance imaging (MRI), and catheter-based
localization. Each of these modalities is associated with different
advantages, disadvantages, costs and radiation dose. Overall, the
sestamibi scan and neck ultrasound have sensitivities above
75 % and the four-dimensional CT (4D-CT) scan has a sensitiv-
ity of 89 %. The positive predictive value for each of these three
techniques is above 90 % [12]. This highlights the point that the
diagnosis of PHPT is a biochemical diagnosis. In addition, even
when localization studies are used to help guide surgery, they
might be negative in some cases.

There is a known relationship between dietary calcium intake
and serum PTH levels that can have different effects on bone
metabolism. There are concerns that reducing the calcium
intake in patients with PHPT might lead to more pronounced
stimulation of PTH secretion and a deleterious effect on bone;
on the other hand, a reduced calcium intake might translate into
decreased urinary calcium load and a lower risk of kidney
stones [5]. A calcium food questionnaire study in 31 patients
with asymptomatic PHPT found that calcium supplementation
in subjects with a low dietary calcium intake (below 450 mg/
day) resulted in a decrease in serum PTH (after 4 weeks) and
improvement in BMD (at the end of 1-year follow-up) [13]. The
present recommendation for calcium intake in patients with
PHPT is the same as for patients without PHPT, due to lack of
clinical evidence to the contrary [9, 13, 14].

Management

She received annual follow-up for 6 years by her primary care
provider without any interim history for kidney stones, frac-



4 Primary Hyperparathyroidism and Osteoporosis 31

AP Spine Bone Densit :
i - > USA (Combined AP Spine: L1-L4 (BMD)
NHANES/Lunar) AP Spine: L1- 9%Change vs Baseline
L4 (BMD) o
BMD (g/em’) YA T-score i |
1.435 of 8 B |
1315 2t B |
1.195 4t |
1 |
1.075 1 6t |
0.955 -2 81 |
0.835 | -3 10} 8 |
0715 4 e al
0595 5 14 b
20 40 60 80 100 45 46 47 48 49 50 51 52
Age (vears) Age (years)
Densitometry: USA (Combined NHANES/Lunar)
A BMD Young-Adult Age-Matched
egion T-score Z-score
L1 2.8 2.3
. L2 2.3 -1.8
COMMENTS: I o 17
L4 33 2.8
Li-l4 27 2.2
Densitometry Trend: L1-L4
Changevs[
Measured Date Age BMD Previous| | Snande s T-score Z-score
(vears) (glom) (g/om®y| Previous (%)
2/26/2015 515 0.862 0.035] ~ 39] * 27 22
/16/2013, 297] 0897 0.00 0.6 24 2.0
716/2013) 297] 0892 ~0.004] ~ 95[ ~ 24 21
/1772011 480] _ 0.986 0.006) 06 7 14
1772011 780[ __0.980 0.019 20 7 5]
6/1/2010 268] _ 0.961 ~0.008) 08 9 7
6/1/2010 768 0,969 ~0.023 23 8 7
4/28/2009 457  0.992 0.003 03 16 16
[ 4/28/2009, 457] 0989 - - a7 16

Fig. 4.1 Changes in lumbar spine BMD from baseline diagnosis of PHPT
to before surgery 6 years later

tures, or worsening hypercalcemia. BMD during this time
decreased at the lumbar spine by 13 % (T score —2.7) (Fig. 4.1),
at the left hip by 5.6 % (T score —1.5), and at the right hip by
6.0 % (T score —1.4) (Fig. 4.2) with a significant decline in
combined total hip BMD (Table 4.1). At her 6-year follow-up at
age 51, she was referred for an endocrinology consultation. A
right wrist BMD was also measured at this time and corre-
sponded to a T score of —3.0 (Fig. 4.3). The potential benefits of
surgical intervention to BMD and fracture risk were revisited,
and a parathyroid scan (Fig. 4.4) was obtained prior to surgical
evaluation.



32

Right Femur Bone Density
i

N.S. Ospina and D.L. Hurley

USA (Combined NHANES/Lunar)
Right Femur: Total (BMD)

BMD (glem?)
1.260

YA T-score

1.134
1.008

USA (Combined NHANES/Lunar)
Right Femur: Total (BMD)

BMD (g/em?)
1.260

YA T-score

1.134
1.008

0.882 -1
-2
-3 0.630 =
-4 0.504 8
0378 5 0.378 -
20 40 60 80 100 45 46 47 48 49 50 51 52
Age (years) Age (years)
Densitometry: USA (Combined NHANES/Lunar)
A BMD Young-Adult Age-Matched
egion (g/cm?) T-score Z-score
Neck Right 0848 4 05
Total Right 0827 14 09
Densitometry Trend: Total Right
Change vs
Age BMD Change vs g
Measured Date (vears) (glem) Pr(:\;\ccrl:’s) Previous (%) T-score Z-score
| 2/6/201 515 0.827 -0.025] 29 4 0.9
4/16/201 497] 0852 0.001 0.1 2 03|
4/16/201 49.7 0.851 -0.037] * -42] * 1.2 -0.8]
8/17/201 480] 0888 -0.008 09 70 09|
8/17/201 480] 0896 0.010 Al 09 05|
6/1/2010 8|___0.886 0.005 06 0 09|
6/1/2010 268 0.881] ~0.004 05 70 07|
[ —a/28/2009 457] 0885 0.002 02 1.0 07|
4/28/2009 457] 0883 - - 7.0 07|

Fig. 4.2 Changes in right hip BMD from baseline diagnosis of PHPT to
before surgery 6 years later

Table 4.1 Change in combined total hip bone mineral density (BMD) dur-
ing follow up of primary hyperparathyroidism from baseline diagnosis to

6 years later

Combined total hip results:

04/28/2009
06/01/2010
08/17/2011
04/16/2013
02/26/2015

BMD: 0.874 g/cm?, T Score
BMD: 0.872 g/cm?, T Score
BMD: 0.881 g/cm?, T Score
BMD: 0.838 g/cm?, T Score
BMD: 0.822 g/cm?, T Score
Change vs. Previous (2015-2013) difference

=1.1
:-1.1
:-1.0
=13
:-1.5
:=0.016 g/cm? and -1.9 %

The least significant change (LSC) in BMD for the Total Hip is 0.036 g/cm?

The absolute BMD change from previous (2013), 0.016 g/cm?, is less
than the LSC

The absolute BMD change from baseline (2009), 0.052 g/cm?, is greater
than the LSC
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Fig. 4.4 Sestamibi scan showing intense right-sided neck uptake, consis-
tent with a single parathyroid adenoma

Outcome

Minimally invasive parathyroidectomy was completed without
complications, and she achieved surgical cure of her
PHPT. Reassessment in 1 year with BMD measurement is
planned to determine whether osteoporosis medications are
necessary.
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Primary Hyperparathyroidism and Osteoporosis

Clinical Pearls

The diagnosis of PHPT is based on biochemical infor-
mation and not on imaging studies. Although localiza-
tion studies have a low false-negative rate, they should
be performed only when surgery is a consideration, to
help plan the surgical procedure.

PHPT should be evaluated as a secondary cause of
0steoporosis.

Patients with PHPT should be screened for osteoporo-
sis, as the presence of concomitant disease can impact
clinical management.

Surgical treatment is strongly recommended in patients
with PHPT and osteoporosis. Medical treatment with
bisphosphonates is an alternative option if surgery is
contraindicated or refused.

Patients with PHPT and osteoporosis should adhere to
the Institute of Medicine recommendations regarding
adequate intake of calcium and vitamin D (i.e., there is
no need for calcium restriction).

interest.
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Chapter 5

Parathyroid Hormone Measurement
Considerations in Primary
Hyperparathyroidism

Robert A. Wermers and Stefan K. Grebe

Case Presentation

A 48 year-old female was referred by oncology to endocrinol-
ogy for evaluation of hypercalcemia. She was premenopausal at
the time of her diagnosis of stage 1 (Tlc, NO, MO) invasive
ductal carcinoma breast cancer 5 years ago. The tumor cells
were estrogen receptor negative, progesterone receptor positive,
and HER2/neu negative. Treatment had consisted of wide local
excision after initial breast conservation surgery which showed
high-grade ductal carcinoma in situ (DCIS) at one of the mar-
gins with a single sentinel lymph node negative for metastatic
disease, followed by radiation, adjuvant chemotherapy, and
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subsequent tamoxifen therapy. Due to side effects with tamoxi-
fen combined with menopausal transition, she was switched to
aromatase inhibitor therapy 2 years after her initial diagnosis.
She had remained without evidence of breast cancer recurrence
based on her mammogram, laboratory testing, and oncology
history and physical examination. However, hypercalcemia was
identified a year prior to referral, with a serum calcium of
10.3 mg/dL (nl, 8.9-10.1). Her maximum serum calcium level
was 11.1 mg/dL which led to her referral. Her repeat laboratory
tests were as follows: serum calcium, 10.4 mg/dL; PTH, 30 pg/
mL (nl, 15-50 pg/mL); phosphorus, 4 mg/dL (nl, 2.5-4.5); albu-
min, 4.0 g/dL (nl, 3.5-5.0); 25-hydroxyvitamin D, 31 ng/mL;
and 24 h urine calcium, 152 mg (20-275 mg/specimen). All of
the following labs were normal: TSH, complete blood count,
creatinine, AST, and alkaline phosphatase.

She denied history of nephrolithiasis, fragility fractures,
polyuria, polydipsia, abdominal pain, fatigue, and constipation.
Due to a declining dual-energy X-ray absorptiometry (DXA)
bone mineral density (BMD) since initiating aromatase inhibitor
therapy (femur neck T-score of —0.5 and lumbar spine T-score
of —0.9), she was started on risedronate 1 year prior to her refer-
ral. Her family history was devoid of hypercalcemia or any other
familial endocrine syndromes, and she denied prior head or
neck radiation. Her dietary calcium intake was estimated at
600-800 mg/day, and she did not take calcium or vitamin D
supplements and had never used lithium or hydrochlorothiazide.
Her medications at referral were metoprolol tartrate, venlafax-
ine, anastrozole, levothyroxine, and risedronate. Her physical
examination was unremarkable.

Assessment and Diagnosis

Primary hyperparathyroidism (PHPT) is defined by hypercal-
cemia associated with an elevated or non-suppressed serum
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PTH measured by a two-site immunometric assay with high
specificity for intact PTH (full-length PTH, PTH(1-84)). Such
an assay is superior to C-terminal and mid-molecule PTH
assays in distinguishing PHPT from non-PTH-mediated causes
of hypercalcemia. Hypercalcemia of malignancy and other
non-PTH-mediated hypercalcemic processes typically present
with a low-serum intact PTH concentration [1], whereas intact
PTH levels are reported to be elevated in approximately 80 %
of patients with PHPT [2]. In hypercalcemic patients with PTH
concentrations that are not elevated above the healthy population
reference interval, levels in the upper one-half to one-third of the
reference interval are considered inappropriately “normal” and
have been used as a cutoff for PHPT [3]. However, PTH levels in
the lower third of the reference interval have also been observed
in an estimated 3 % of cases of pathologically confirmed cases
of PHPT [4-7].

Lower than expected PTH measurements can be caused by a
several biological factors. PTH in PHPT is influenced by the
dynamic nature of its secretion [8], its circadian rhythm [9], the
serum calcium level [10], vitamin D stores [11], and calcium
intake [12]. Hemoconcentration, immobilization, and pH-
dependent changes in protein-bound calcium can also influence
both PTH and calcium measurements [13].

Other considerations in case of unexpectedly low PTH mea-
surements center on assay-specific problems. Extremely high
serum PTH concentrations can result in a hook effect in single-
step, sandwich-type immunometric assays. In this type of assay,
the assay’s capture and detection antibodies are present at the
same time to interact with the patient sample. When the PTH
concentration in a sample exceeds the combined molar concen-
tration of detection and capture antibody, each of these antibod-
ies will be individually saturated with PTH, and very few actual
sandwiches of AB-PTH-AB can be formed. This results in a
false-low PTH measurement [7]. Serial sample dilution is
required to obtain the true PTH concentration. Atypical, but
bioactive, forms of PTH might also be encountered and are
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often not detected by PTH assays [7]. The presence of such vari-
ants might be suspected, if serial sample dilutions deviate sig-
nificantly from linearity [7].

Immunometric assays in general, including PTH assays, might
also be vulnerable to false low interference that is exerted by
chemicals or biomolecules that interfere with the assay’s chemistry,
analyte capture, or signal detection. General interferences of this
nature include an extremely high lipid or protein content of a
sample, both of which can hinder binding of the analyte to the
assay antibodies, or high concentrations of optically active sub-
stances, like bilirubin or hemoglobin, which can interfere with
signal detection. In addition, depending on an assay’s precise con-
figuration, there may be other interferences that can cause false low
results in one or another (but not every) assay system. Examples of
these include high biotin levels or anti-streptavidin antibodies in a
patient serum [14—16]. Many assays use biotin-streptavidin bind-
ing to capture the antibody onto a solid support before signal read-
out from the detection antibody. Excess biotin or anti-streptavidin
antibodies in a patient sample will prevent this reaction, leading to
false low interference in assays using biotin-streptavidin capture.
Antibodies or chemicals in a patient’s serum that interfere with
components of the signal generation system can similarly cause
false low results. Individually, the rates of biological interferences,
PTH concentration/fragment-dependent interferences, and assay-
related interferences are very low, but collectively, these problems
occur with appreciable, though still relatively low, frequency.

In our case, none of these interferences appeared to be present,
and given the lower than expected PTH and the patient’s history
of breast cancer, further evaluation of non-PTH-mediated causes
of PHPT was performed, all the while bearing in mind that the
most likely diagnosis was still PHPT. Indeed, PHPT has been
described when coexistent causes of hypercalcemia, including
malignancy, have also been present [17]. Further testing in this
patient revealed the following: 1,25-dihydroxyvitamin D at 21 pg/
mL (nl, 22-67) and PTH-related peptide (PTHrP) at 110 pmol/L
(nl, <2). Assessment for complications related to PHPT was also
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performed. Her kidney-ureter-bladder (KUB) plain film radio-
graph with tomography was negative for kidney stones, and her
one-third radius DXA BMD T-score was 0.7. Because of the
unexpected PTHrP result, the test was repeated and the laboratory
was called. The repeat PTHrP was 95 pmol/L and the specimen
had linear dilution. Subsequently, a bone scan and fluorodeoxy-
glucose (FDG) positron emission tomography (PET) scan were
performed. Both were unremarkable.

Management

A further repeat PTHrP was performed at a different reference
laboratory and was undetectable. Both PTHrP assays used goat
antibodies but had different binding sites. Subsequently, the
specimen was reanalyzed at the initial laboratory after pretreat-
ment of the sample with heterophile-blocking reagents, with no
change in the elevated result. However, a repeat dilution series
was nonlinear, consistent with interference from either a hetero-
phile antibody or the presence of PTHrP fragments or variants.

Based on the patient’s relatively stable and mild hypercalcemia,
heterophile (from the Greek words heteros meaning the other, and
philos meaning the friend — friend of the other) antibodies (HAB)
were felt to be the most likely culprit. HAB are endogenous anti-
bodies found in serum or plasma of patients that can bind to immu-
noglobulins of other species, such as the antibodies used as
reagents for immunoassays [18]. They primarily affect two-site
immunoassays, where they lead to false-positive results in >80 %
of cases, by bridging detection and capture antibody in the absence
of analyte (Fig. 5.1). Occasionally, when HAB only bind to either
capture or detection antibody, they can also cause a false low result.
HAB fall into three major groups: (i) polyspecific antibodies, as
are often seen after viral infections, which bind a variety of targets,
including sometimes assays antibodies; these antibodies are com-
mon in the population (up to 30 % prevalence at any given time),
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Fig. 5.1 Two-site immunoassay with bridging of two antibodies with anti-
gen (left) and heterophile antibodies bridging the two antibodies (right)
independent of the antigen, resulting in an increase in the bound-labeled
antibody concentration

but rarely cause assay problems, because they have relatively low
avidity to most assay antibodies; (ii) antibodies directed at species-
conserved components of immunoglobulins; the prime example of
this group is rheumatoid factor, which is an antibody against the Fc
portion of immunoglobulins; these HAB are much less common
than the polyspecific HAB, but because of their higher avidity to
assay antibodies, they are more likely to cause problems; and (iii)
high-affinity/avidity and high-titer antibodies that are specifically
directed against mouse, rabbit, or goat IgG (common species for
assay antibodies); these antibodies are rare; they require the patient
to be specifically sensitized to mouse, rabbit, or goat (animal han-
dling or diagnostic/therapeutic use of ABs) — but account for most
HAB interferences. Cancer patients may be more likely than the
general population to have interfering HAB [19].

In retrospect, it was clear that this patient did not have
cancer-associated hypercalcemia, and perhaps, further testing
was not needed in this regard. The positive PTHrP results
should probably have been flagged as a “red herring” from the
outset. The patient’s history of hypercalcemia was too long and
the hypercalcemia is too mild to be consistent with cancer-
associated hypercalcemia, which is usually a preterminal event
(median time to death of 30 days) that is associated with rapidly
progressive, severe, and symptomatic hypercalcemia [20].
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Outcome

The patient was reassured that she likely had mild, uncomplicated
PHPT as what was observed. One year later, she continued to
have stable, mild hypercalcemia and remained asymptomatic.

Clinical Pearls/Pitfalls

* The clinical and natural history of PHPT is very important
when interpreting calcium biomarker laboratory results.

» PTH levels in PHPT are generally above the midpoint
of the healthy population reference interval.

* Consider repeating PTH when the diagnosis of PHPT
is unclear, especially since dynamic changes in calcium
metabolism may occur in the presence of secondary
contributing factors or if there is suspicion of assay
interference.

e Consider additional non-PTH-mediated causes of
hypercalcemia when the PTH is lower than expected
for a diagnosis of PHPT.

e If repeat PTH measurement remains inappropriately in
the lower half of the normal range despite continued
hypercalcemia and other causes of hypercalcemia are
not present, then serial sample dilution may be
considered.

*  When considering malignancy-related hypercalcemia, be
mindful that a positive PTHrP result only has a high posi-
tive predictive value if the pretest probability for tumor-
related hypercalcemia is high, i.e., when the patient has
obvious progressive cancer and a short history of severe,
progressive, and symptomatic hypercalcemia.

* Understand the laboratory assays you order and com-
municate with your laboratory if unexpected results are
encountered.
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Chapter 6

Parathyroidectomy Outcomes
and Pathology in Primary
Hyperparathyroidism

Robert A. Wermers and Lori A. Erickson

Case Presentation

A 59 year-old female was referred for evaluation of primary
hyperparathyroidism (PHPT). She had enjoyed excellent health
her entire life, but during a routine health screen was found to
have a serum calcium of 10.7 mg/dL (nl, 8.9-10.1). A repeat
calcium once again was elevated at 10.6 mg/dL with a PTH that
was 2 Y2-fold times the upper limit of normal. Subsequent review
of her prior laboratory work revealed that her calcium was
slightly elevated 9 years prior and was high normal after that
measurement. She denied symptoms related to hypercalcemia
such as involuntary weight loss, abdominal pain, polyuria,
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fatigue, or depression and did not have a history of nephrolithia-
sis or fragility fractures. Her past medical history was significant
for hypertension that was well controlled with an ACE inhibitor,
thiazide diuretic, and a beta-blocker. She was on estrogen
replacement therapy after a hysterectomy for benign disease. She
also had primary hypothyroidism and was on stable levothyrox-
ine therapy. Her family history was unremarkable for familial
hypercalcemia. Her physical examination was unremarkable.

Assessment and Diagnosis

The patient’s lab work is consistent with PHPT. Although she is
on a thiazide diuretic which has been associated with hypercal-
cemia, most patients with thiazide-associated hypercalcemia
have underlying PHPT, and her higher PTH level would be
consistent with PHPT in this context [1]. After a diagnosis of
PHPT, clinical assessment for related complications may
include dual-energy X-ray absorptiometry bone mineral density
of the spine, hip, and nondominant wrist and imaging for neph-
rolithiasis by computed tomography (CT) of the abdomen and
pelvis without contrast, renal ultrasound, or kidney-ureter-
bladder (KUB) plain film radiographs with tomography. This
patient had a KUB with tomography that revealed small opaque
renal calculi in both kidneys. Hence, she was referred to endo-
crine surgery for consideration of parathyroidectomy. A 24-h
urine calcium and creatinine is often assessed if surgery is a
consideration due to the possibility of familial hypocalciuric
hypercalcemia (FHH). However, her negative family history for
PHPT or hypercalcemia combined with normal serum calcium
levels on prior measurements essentially rules out FHH as the
cause of her hypercalcemia. Patients with FHH are also usually
devoid of PHPT complications (e.g., nephrolithiasis), and PTH
levels are elevated in only 5-25 % of FHH subjects [2, 3].
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Localization of the parathyroid pathology is often considered
once a decision is made to proceed with surgery. Although there
are several modalities utilized for parathyroid localization [4],
the decision regarding which test to use is often determined by
the test which has the highest sensitivity and specificity at the
institution performing the study. This patient underwent a para-
thyroid scan with I-123 and 99mTc sestamibi which revealed a
right inferior parathyroid adenoma.

Management

The patient underwent uncomplicated cervical exploration
where in the right inferior position in the thyrothymic tongue a
350 mg parathyroid adenoma was identified and excised.

Outcome

Her postoperative calcium dropped to 9.4 mg/dL. Pathology
revealed a 370 mg, 1.1x0.8%x0.6 cm parathyroid lipoadenoma
(Fig. 6.1). Complications related to parathyroid surgery are rare
but most commonly include recurrent laryngeal nerve injury
(0.5-1 %), hematoma formation (0.2 %), and hypocalcemia
(0.1 %) [5]. Disease cure depends on the parathyroidectomy
surgical volume, but in highly experience centers, >95 % of
patients are normocalcemic postoperatively [5]. PTH on the
other hand remains elevated in 8—40 % of patients with normo-
calcemia after parathyroidectomy for unclear reasons [6].
However, most of these patients do not get recurrent hypercal-
cemia (i.e., recurrent PHPT) [7]. Persistent PHPT is defined by
failure of biochemical cure with the initial parathyroid surgery.
Recurrent PHPT is defined by an initial biochemical cure
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(normocalcemia), followed by recurrent disease >6 months after
the initial surgery.

Parathyroid glands typically weigh 20-40 mg, while those
weighing more than 50-60 mg are usually abnormal [8].
Normal parathyroid glands consist of chief cells — the main
source of PTH, transitional cells, oxyphil cells, and adipose tis-
sue. Adipose tissue is the primary component of the parathyroid
stroma and occupies approximately 20-30 % of an adult para-
thyroid gland. Also parathyroid cellularity can be highly vari-
able within a single gland, among glands in the same patient,
and between patients. It also varies by age, sex, and body habi-
tus, among others.

PHPT is due to a single parathyroid adenoma in 80—85 % or
more of patients [9]. Chief cell parathyroid adenomas are the
most common pathologic variant in PHPT [10]. Oxyphil cells
typically comprise less than 5 % of parathyroid volume [11], but
oxyphil parathyroid adenomas can be seen in PHPT and have
been associated with larger adenomas [12-14]. However, a
recent case-matched study found no significant difference in
weight between oxyphil and chief cell adenomas [15].

PHPT due to parathyroid lipoadenomas are rare but, clinically,
present in a similar fashion to those associated with common
parathyroid pathologic variants [16]. Parathyroid lipoadenomas
are defined by extensive stromal adipose tissue, myxoid change,
and fibrosis [17]. Clear cell parathyroid adenomas are composed
of cells with finely vacuolated cytoplasm in a solid or acinar pat-
tern [18]. Atypical parathyroid adenomas have atypical features
such as mitoses and fibrous bands but lack definitive invasion
or metastases. They generally behave in a benign fashion [19].

A definitive histopathological diagnosis of parathyroid carci-
noma is difficult and often presents as severe PHPT where it is
suspected or as PHPT recurrence 2-3 years after the initial para-
thyroid surgery. Classical pathologic criteria include uniform
sheets of cells arranged in a lobular pattern separated by dense
fibrous trabeculae, mitotic figures in tumors cells, and capsular
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and vascular invasion [20, 21]. Invasive growth is required for a
diagnosis of parathyroid carcinoma. Only 3-30 % of patients have
evidence of regional lymph node involvement or distant metasta-
ses at the initial surgery (see Chap. 10) [22]. Parathyromatosis is a
rare pathologic variant in PHPT that is characterized by small
nodules of hyperplastic parathyroid tissue composed primarily of
chief cells that are scattered throughout the soft tissues of the neck
and upper mediastinum [19, 23]. Clinically, this condition is char-
acterized by recurrent or persistent PHPT. On occasion, parathy-
roid glands removed in patients with prior thyroidectomy or
re-explorative parathyroid surgery may present challenges to the
surgeon and pathologist due to fibrosis (see Chap. 11).

PHPT due to parathyroid hyperplasia, which accounts for
approximately 15 % of PHPT, is defined as multiple parathyroid
glands with proliferation of parenchymal cells leading to para-
thyroid gland enlargement independent of secondary factors that
stimulate PTH production. Preoperative imaging studies and
intraoperative PTH monitoring aid in differentiating single from
multiple gland disease. Chief cell hyperplasia is the most com-
mon form of parathyroid hyperplasia, but rarely clear cell hyper-
plasia and lipohyperplasia are seen. Asymmetric hyperplasia is
a challenging issue as only around 50 % of PHPT has symmetric
enlargement of all four glands. Approximately one-third of
PHPT hyperplasia is due to familial parathyroid disorders (e.g.,
MEN, MEN2A, MEN4, hyperparathyroidism-jaw tumor syn-
drome, familial isolated PHPT).

Clinical Pearls/Pitfalls

» After the diagnosis of PHPT is confirmed, evaluate for
related complications.

o Parathyroidectomy has a high rate of cure and compli-
cations are rare.
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* Review the outcome of parathyroid surgery, utilizing
serum calcium rather than PTH for surveillance
postoperatively.

» Parathyroid adenomas are the cause of PHPT in >80 %
of patients and pathologically are usually due to chief
cell adenomas, but oxyphil adenomas, lipoadenomas,
clear cell adenomas, and atypical parathyroid adeno-
mas are additional pathologic variants.

e Parathyroid carcinoma often presents with severe
PHPT or is identified with disease recurrence 2—3 years
after the initial parathyroid surgery.

e Parathyroid hyperplasia is the cause of PHPT in
approximately 15 % of patients and is seen in familial
parathyroid disorders such as MEN1, MEN2A, MEN4,
hyperparathyroidism-jaw tumor syndrome, and famil-
ial isolated PHPT.
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Chapter 7

Localization Considerations
in Persistent Primary
Hyperparathyroidism

Robert A. Wermers and Geoffrey B. Thompson

Case Presentation

A 42-year-old female was referred for evaluation of persistent
primary hyperparathyroidism (PHPT). Her history was signifi-
cant for continued lithium use for over 10 years. Prior to diagno-
sis she had a syncopal episode, where evaluation revealed a
serum calcium of 13.6 mg/dL. Her parathyroid hormone (PTH)
level was several fold elevated on multiple measures at
200-350 pg/mL. She had associated symptoms including
increased thirst, polyuria, nausea, cognitive decline, and a 35-Ib
weight loss. A preoperative parathyroid scan, neck ultrasound,
and neck computed tomography (CT) scan were non-localizing.
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She underwent a 5-h parathyroid exploration which included
excision of her right and left superior parathyroid glands, biopsy
of a normal right inferior parathyroid, and a left upper thymec-
tomy. Her intraoperative PTH did not change, and postopera-
tively, her calcium remained 11-13 mg/dL. She denied use of
hydrochlorothiazide and calcium supplements and was on cho-
lecalciferol 2000 IU daily in addition to cinacalcet 60 mg twice
daily started after surgery. She did not have knowledge of her
family’s medical history and denied a history of head or neck
radiation.

Her current lab work on cinacalcet included a serum calcium
12.7 mg/dL (nl, 8.9-10.1), phosphorus 2.1 mg/dL (nl, 2.5-4.5),
normal creatinine, albumin 4.4 g/dL (nl, 3.5-5.0), PTH 194 pg/
mL (nl, 15-65), and 24-h urine calcium 204 mg/dL with a frac-
tional excretion of filtered calcium of 0.02. A repeat parathyroid
scan suggested a possible left inferior parathyroid adenoma on
the combination of single-photon emission computed
tomography (SPECT) and computed tomography (CT) images
(SPECT/CT). Neck ultrasound showed a 4x6x9 mm oval
hypoechoic nodule deep to the left common carotid artery more
suggestive of a lymph node that was biopsied and had a PTH
washout of <20 pg/mL. A four-dimensional computed tomogra-
phy (4D CT) showed no definite parathyroid adenoma, but
anterior to the aortic arch and to the right of midline, there was
a 7-mm nodule with mild early arterial enhancement with wash-
out on delayed imaging (Fig. 7.1).

Assessment and Diagnosis

Persistent PHPT presents several diagnostic considerations
including the possibility of an ectopic parathyroid adenoma,
parathyroid carcinoma, multigland parathyroid disease, and
familial benign hypocalciuric hypercalcemia (FHH). FHH is an
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autosomal dominant disorder with a nearly 100 % penetrance of
hypercalcemia at all ages caused by an inactivating mutation of
the CASR gene, which encodes the calcium-sensing receptor
[1-3]. Patients with FHH are generally devoid of complications
seen in PHPT such as nephrolithiasis, and their risk of osteopo-
rosis is similar to that expected in the general population. Also,
serum PTH levels are elevated in only 5-25 % of FHH subjects
[3, 4]. Renal calcium clearance to creatinine clearance below
0.01 is suggestive of FHH, and in this case, the fractional excre-
tion of filtered calcium of 0.02 is not consistent with this diag-
nosis. In this patient, it is important to consider that lithium use
over several years can lead to parathyroid gland hyperplasia
[5-8]. Lithium-associated hyperparathyroidism is more com-
mon in younger females (mean age 41 years) than patients with
classical PHPT [8].

Reoperation for persistent PHPT is an expensive procedure
with an estimated cost of $5711 [9, 10]. More recent estimates
based on Center for Medicare and Medicaid Service (CMS)
clinical fee schedule amounts for parathyroidectomy indicate
higher costs than this in 2013. The increased cost of reoperation
emphasizes the importance of utilizing an experienced parathy-
roid surgeon with high cure rates. Given the increased risk of
complications during reoperation for persistent PHPT, some
have suggested that the costs of reoperation are more than twice
that the cost of initial surgery [11]. Indeed, increased parathy-
roid surgery volume has been associated with decreased compli-
cation rates and improved postsurgical outcomes [12, 13].

In this case, consultation was obtained from an experience
endocrine surgeon. It was determined that re-exploration with-
out more defining localization put the patient at an increased
risk for unsuccessful surgery. Importantly the parathyroid scan
and neck ultrasound with fine-needle aspiration (FNA) of left
inferior neck lesion were not consistent with a parathyroid
adenoma. PTH washout levels, when positive, are a median of



7 Localization Considerations 61

3963 pg/mL (results >100 pg/mL PTH level considered posi-
tive) in our experience and are useful for distinguishing parathy-
roid lesions from thyroid or lymphatic tissue [14].

4D CT is a multiphasic, cross-sectional imaging study that
captures the rapid uptake and washout of contrast from parathy-
roid adenomas [15] and has been shown to be useful in the
reoperative setting [16, 17] and in patients with non-localizable
disease on sestamibi or ultrasonography [18]. There is an
increase in total radiation dose (10.4 mSv) with 4D CT and it is
less readily available [15]. Although there was a 7-mm nodule
anterior to the aortic arch on the 4D CT, more precise confirma-
tion of an ectopic mediastinal adenoma would be recommended
prior to considering thoracic surgery. Hence, in this case, the
next best strategy would be to proceed with venous PTH
sampling.

Management

The patient underwent parathyroid venous sampling after stop-
ping cinacalcet, which revealed a PTH of >3000 pg/mL from the
thymic vein compared to 9—150 pg/mL from other sites, consis-
tent with a mediastinal parathyroid adenoma. Selective PTH
venous sampling (SVS) is generally reserved for patients with
recurrent or persistent hyperparathyroidism with nondiagnostic
radiologic localization studies. Serial samples for PTH are
obtained from the superior vena cava and bilateral brachioce-
phalic, internal jugular, vertebral, thymic, superior, middle, and
inferior thyroid veins. In reoperative cases SVS has a reported
sensitivity of 71-90 % [15]. As in this patient, a combination of
localization modalities is often utilized and complementary to
each other in localizing the diseased parathyroid gland(s) in
patients with persistent or recurrent PHPT.
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Outcome

The patient proceeded with a right thoracoscopy with excision
of an anterior ectopic parathyroid adenoma. Her intraoperative
PTH dropped from a baseline of 161 pg/mL to 13.6 pg/ml at
20 min after removal. Her serum calcium and phosphorus nor-
malized postoperatively.

Clinical Pearls/Pitfalls

e Selection of an experienced endocrine surgeon is
important in successful parathyroidectomy outcomes.

* Persistent or recurrent PHPT presents several diagnos-
tic considerations including an ectopic parathyroid
adenoma, parathyroid carcinoma, multigland parathy-
roid disease, and FHH.

» Prior to consider reoperation in persistent or recurrent
PHPT, preoperative localization is important and often
requires a combination of localization modalities
including a parathyroid scan, neck ultrasound, 4D CT,
FNA of suspected parathyroid lesions with PTH wash-
out, and SVS.
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Chapter 8
Ectopic Parathyroid Adenoma

Jad G. Sfeir and Matthew T. Drake

Case Presentation

A 50-year-old female was diagnosed with primary hyperpara-
thyroidism (PHPT) based on a laboratory evaluation obtained
during evaluation for recurrent nephrolithiasis. She described a
history that included passing greater than 300 calcium oxalate
kidney stones over the course of the past 20 years despite medi-
cal therapy with hydrochlorothiazide and potassium citrate, as
well as maintenance of a low oxalate diet. Laboratory evaluation
over time had revealed a progressive mild increase in serum
calcium and parathyroid hormone (PTH) levels. Her most recent
values are listed in Table 8.1. *"Tc-sestamibi/iodine-123 scin-
tigraphy demonstrated a discordant focus of activity in the
superior mediastinum consistent with an ectopic parathyroid
adenoma, with no evidence for a thyroidal location (Fig. 8.1).
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Assessment and Diagnosis

The incidence of ectopic parathyroid glands in patients with
PHPT has been reported to range from 5 % to 20 % [1-5].
Ectopic parathyroid glands can significantly impact morbidity
and clinical outcomes primarily due to failure during parathy-
roid exploration and subsequent requirement for reoperation. It
has been estimated that 24-53 % of cases of reoperation for
persistent or recurrent PHPT are due to the ectopic location of
the diseased gland(s) [2, 6, 7].

The clinical and biochemical features of orthotopic versus
ectopic parathyroid adenomas have been evaluated in several
cohorts. On average, ectopic parathyroid adenomas are both
usually significantly larger and associated with higher serum
calcium levels [1, 4, 8]. In one cohort, it was also noted that
radiographic evidence of osteitis fibrosa cystica was more fre-
quent in patients with ectopic parathyroid adenomas [1]. There
do not appear to be other significant differences in terms of
patient characteristics (age, gender) or biochemical (serum
phosphorus and PTH levels), clinical (presence of nephrolithia-
sis, hypertension, pancreatitis, and osteoporosis), or histopatho-
logic features (adenoma, hyperplasia, or carcinoma) in subjects
with orthotopic versus ectopic parathyroid adenomas.

The parathyroid glands originate from the third and fourth
pharyngeal pouches, with differentiation beginning during the
fifth and sixth weeks of development. Whereas parathyroid

Table 8.1 Patient’s most recent laboratory data

Analyte Results Reference range
Calcium 10.5 8.9-10.1 mg/dL
Parathyroid hormone (PTH) 68 15-65 pg/mL
Creatinine 0.8 0.6-1.1 mg/dL
25-hydroxyvitamin D 31 20-50 ng/mL

24-h urine calcium excretion 439 25-300 mg/24 h
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Fig. 8.1 *"Tc-sestamibi (first column); iodine-123 (second column) and
subtraction (third column) scintigraphy images showing a discordant focus
of activity in the superior mediastinum consistent with an ectopic parathy-
roid adenoma. Ant anterior, RAO right anterior oblique, LAO left anterior
oblique

tissue from the fourth pharyngeal pouch eventually migrates to
give rise to the superior parathyroid glands, parathyroid tissue
from the third pharyngeal pouch migrates caudally before
arresting at the level of the thyroid to become the inferior para-
thyroid glands. Due to their longer migration path, the inferior
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parathyroid glands have a greater probability of becoming ecto-
pic [9]. Notably, inferior glands commonly have associated
thymic tissue due to the common third pharyngeal pouch
embryonic origin of the thymus and inferior parathyroid glands.
The most common locations for ectopic inferior parathyroid
glands are intrathymic, the anterosuperior mediastinum, intra-
thyroidal, associated with the thyrothymic ligament, or in the
submandibular area (Fig. 8.2). Less commonly, ectopic parathy-
roid glands derived from the inferior parathyroid can be found
in the aortopulmonary window or associated with the pericar-
dium, hypopharynx, nasopharynx, vagus nerve sheath, or poste-
rior cervical triangle [1, 3-5, 10-12]. Superior parathyroid
glands, when ectopic, are most commonly localized to the tra-
cheoesophageal groove, retroesophageal space, posterosuperior
mediastinum, intrathyroidal, carotid sheath, or paraesophageal
space. One potential explanation for the ectopy of superior
glands is that with disease development the parathyroid gland
becomes larger and heavier, leading to vertical displacement by
gravity [1, 3, 4, 10, 13].

Surgical and autopsy data demonstrate that most ectopic
parathyroid glands originate from inferior glands (62 % vs.
38 % from superior glands) [4]. Most are accessible via a cervi-
cal incision due to tracheoesophageal groove (28—43 %), intra-
thymic (24-31 %), or intrathyroidal (7-22 %) locations. The
remainder are most frequently mediastinal (14-26 %) or located
in the carotid sheath (7-9 %), aortopulmonary window, or sub-
maxillary region [1, 2, 4]. In a cohort of mediastinal ectopic
parathyroid glands performed at the Mayo Clinic, 45 % of
patients required open thoracotomy or mediastinotomy, while
55 % of patients underwent a minimally invasive approach
(such as video-assisted thoracoscopy, manubrium split, or tran-
scervical approach) [18]. No significant difference in outcomes
over a mean 3-year follow-up period was seen between subjects
who underwent open versus minimally invasive surgical
approaches.
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Fig. 8.2 Anatomic localization of 104 ectopic parathyroid glands. Superior
posterior mediastinum (n=34); anterior mediastinum (n=21); dorsum of
the upper (n=19) and lower (n=10) poles of the thyroid; within the thymic
tongue (n=13); retroesophageal (n=>5); at the angle of the jaw (n=1); and
intrathyroidal (n=1) (Reprinted from Wang et al. [10] with permission)
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Most surgeries performed for ectopic parathyroid gland
resection are reoperations due to recurrent or persistent hyper-
parathyroidism disease after initial surgery. Reoperations typi-
cally occur in referral tertiary care centers. Due to the complexity
of these operations and the potential for significant scar tissue
present after initial extended parathyroid gland explorations,
identifying an experienced parathyroid surgeon can be as essen-
tial as detecting the diseased parathyroid gland.

In the absence of preoperative localization, the surgeon typi-
cally carefully inspects all four orthotopic parathyroid glands in
order to detect any abnormal gland. When less than four glands
are found, it is recommended that the surgeon carefully inspects
likely ectopic locations accessible via a cervical approach
including the tracheoesophageal groove, thymus, ipsilateral
thyroid, and upper cervical region [13].

Multiple imaging modalities are available for parathyroid
adenoma localization and are associated with varying degrees of
localization accuracy. Most reported cohorts, although limited in
terms of sample sizes, suggest that patients are more likely to
undergo successful surgical resection if localizing techniques are
employed preoperatively [6]. Furthermore, preoperative localiza-
tion for identification of ectopic glands can alter the operative
approach depending on the ectopic gland location (i.e., subster-
nal, aortopulmonary, or submandibular locations) [4, 10, 14].

Protocols for imaging prior to initial surgery are center spe-
cific and are typically based on local data in large referral ter-
tiary care centers. However, prior to reoperation for persistent or
recurrent PHPT, most surgical centers perform some combina-
tion of preoperative and/or intraoperative localization tech-
niques (including intraoperative PTH measurements,
intraoperative gamma probe, or a frozen section of the removed
surgical specimen) [7, 15].

PmTc-sestamibi scintigraphy has the highest sensitivity of
localizing a single adenoma (90 %). The sensitivity, however, is
decreased for double adenomas (30-73 %) and hyperplasia
(45-60 %). Combining *™Tc-sestamibi scintigraphy with °T or
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PmTe/"Tc-sestamibi subtraction eliminates potential false-
positive results from thyroid nodules [13]. In one series, the
positive predictive value for the detection of ectopic glands was
100 % compared to 98 % for parathyroid glands in normal ana-
tomic locations [4]. On rare occasions, false negatives may
result from ectopic parathyroid adenomas located at the carotid
bifurcation as this location can sometimes be mistaken for
physiological activity of the ipsilateral submandibular gland
[16]. For completeness, scintigraphy should extend from the
base of the jaw to the base of the heart in order to detect any
ectopic glands along the full embryologic migratory course of
the inferior glands [17].

Combination with another imaging technique can at times
improve accuracy of preoperative localization. As example,
intrathymic and aortopulmonary adenomas may have similar
mediastinal activity on *™Tc-sestamibi scintigraphy. Oblique or
lateral images might help in differentiating these two locations.
Single-photon emission computed tomography (SPECT) allows
for determination of depth relative to the thyroid gland [17],
with Doppman et al. suggesting that SPECT imaging be consid-
ered whenever *Tc-sestamibi scintigraphy demonstrates a
deep mediastinal adenoma [12]. Alternatively, in some cases
additional computed tomography (CT) or magnetic resonance
imaging (MRI) may provide additional valuable information for
the surgeon. Both CT and MRI have demonstrated great ability
to detect ectopic parathyroid glands. Importantly, although CT
is more readily available, it may have comparatively lower defi-
nition within the thyroid area [13].

Management

In addition to the parathyroid scan with *"Tc-sestamibi/
iodine-123 scintigraphy, the patient had SPECT/CT images of the
neck and chest which confirmed the ectopic location of her para-



72 J.G. Sfeir and M.T. Drake

thyroid adenoma. In conjunction with an experienced endocrine
surgeon, a thoracic surgery team with significant previous experi-
ence in minimally invasive ectopic mediastinal parathyroid gland
excision [18] evaluated the patient. After consultation, both surgi-
cal teams agreed that a left thoracoscopic approach was indicated.
The endocrine surgeon was present during the surgery and
assisted in intraoperative identification of the ectopic gland.

Outcome

The patient underwent resection of the mediastinal ectopic para-
thyroid adenoma identified on preoperative imaging via a left
thoracoscopic approach. Pathology confirmed a 430-mg para-
thyroid adenoma. Intraoperative PTH measurements confirmed
cure after the resection of the adenoma based on a decline from
a baseline value of 74 to 24 pg/mL at 20 min following resec-
tion. Postoperative biochemical testing revealed serum calcium
9.2 mg/dL, ionized calcium 5.17 mg/dL (nl, 4.80-5.70 mg/dL),
and PTH 55 pg/mL.

Clinical Pearls/Pitfalls

» Referral to a tertiary medical center with an experi-
enced parathyroid surgeon and a radiology service with
expertise in parathyroid imaging is important in patients
in whom an ectopic parathyroid adenoma is suspected.

* Ectopic adenomas are usually significantly larger and
associated with higher serum calcium levels compared
to orthotopic adenomas.
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e When less than four glands are identified intraopera-
tively, it is recommended that the surgeon carefully
inspects common ectopic locations accessible via a cer-
vical approach.

* Prior to reoperation for persistent or recurrent PHPT,
most referral tertiary care centers perform some combi-
nation of preoperative and/or intraoperative localiza-
tion techniques.

» Extending scintigraphy from the base of the jaw to the
base of the heart allows for detection of ectopic inferior
glands.

e Combining scintigraphy with another imaging tech-
nique, such as SPECT, CT, or MRI, can at times
improve accuracy of preoperative localization.

Conlflicts of Interest All authors state that they have no conflicts of
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Chapter 9
Parathyroid Surgery in Multiple
Endocrine Neoplasia Type 1

T.K. Pandian, EeeLN H. Buckarma, and David R. Farley

Case Presentation

A 19-year-old female known to be part of a family with multiple
endocrine neoplasia type 1 (MEN-1) and identified MENIN
protein mutation initially presented with neuroglycopenia. Her
medical workup revealed masses in the pancreas. She ultimately
underwent a distal pancreatectomy with enucleation of the pan-
creatic head lesions for multiple insulinomas. Prior to that
operation, her serum calcium was noted to be 10.8 mg/dL (nl,
8.9-10.1), and the parathyroid hormone (PTH) level was 68 pg/
mL (nl, 15-65). She had no symptoms or non-laboratory signs
of primary hyperparathyroidism (PHPT) at that time.

Shortly after her pancreatic surgery, she developed severe
and persistent nausea. Despite a thorough medical evalua-
tion, no organic intra-abdominal cause was found for her
symptomatology. Six weeks after her pancreatic surgery, her
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serum calcium was noted to be 11.6 ng/dL and the PTH was
78 pg/mL. A trial of cinacalcet (a calcimimetic agent acting
on chief cells in parathyroid glands to lower PTH secretion
and subsequently serum calcium levels) was undertaken and
her nausea immediately resolved. Given her laboratory find-
ings suggestive of PHPT, a sestamibi localization scan was
obtained (Fig. 9.1).
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Fig. 9.1 Nuclear medicine parathyroid single-photon emission computed
tomography (SPECT) revealing increased sestamibi uptake in the inferior
thyroid lobes bilaterally (arrows)
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Assessment and Diagnosis

The classical medical mnemonic of the “3 Ps” identifies the
pancreas, pituitary, and parathyroid glands as the major organ
systems affected in MEN-1. Among these, PHPT is the most
common manifestation and occurs in 88-97 % of MEN-1
patients [1]. In contrast, only 4-5 % of patients with sporadic
PHPT are subsequently diagnosed with MEN-1 [2]. PHPT is
usually the initial clinical feature found in patients with MEN-1
and typically presents by the third or fourth decade of life [1, 3].
Current international guidelines recommend annual assessment
of serum calcium and PTH levels in known MEN-1 patients as
a screening measure [4].

Asymmetric, multi-gland parathyroid disease is the norm in
these individuals [3, 5-7], and therefore, management can be
more complex than in patients with sporadic, single-gland
PHPT. In the past, the multi-gland nature of PHPT in MEN-1
was thought to be due to circulating humoral factors that led to
diffuse parathyroid hyperplasia [8, 9]. This belief has shifted
over the years, and it is currently believed that parathyroid
growth in MEN-1 is a neoplastic process which results in the
development of multiple parathyroid adenomas [1, 5, 8]. Based
on this multi-gland nature, preoperative imaging for adenoma
localization is rarely indicated and of limited benefit [4].

The main treatment for PHPT in MEN-1 is surgical removal
of hyperfunctioning glands. Eliminating PHPT in these patients
will reduce the risk of nephrolithiasis and fractures and has been
shown to improve quality of life [3]. Individuals with concurrent
gastrinoma have even been found to have reduced gastrin levels
after parathyroidectomy due to lower serum calcium levels [10].
The optimal surgical strategy for parathyroidectomy in MEN-1
patients remains controversial [1, 3, 6, 11-13].

Surgical options include subtotal parathyroidectomy (sub-
PTX; removal of 3 or, more commonly, 3.5 parathyroid glands)
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or total parathyroidectomy (totPTX) with autotransplantation.
Most experienced endocrine surgeons would also suggest that a
transcervical thymectomy be included with any parathyroid
operation in patients with MEN-1 [7, 14—16]. Both subPTX and
totPTX have inherent challenges and are best performed by
experienced parathyroid surgeons. The major risk for subPTX is
recurrent or persistent hyperparathyroidism and is reported to
occur in 16-54 % of patients within 5-10 years after surgery [1,
7, 12]. Leaving a small remnant (<40 mg) of normal-appearing
parathyroid tissue is optimal, but with a disorder named
“Multiple Endocrine Neoplasia,” it is no surprise that recurrent
PHPT may occur over years of follow-up as the remnant
enlarges. Total parathyroidectomy with autotransplantation on
the other hand may lead to permanent hypocalcemia in up to
30 % of patients [12, 17]. A completely aparathyroid state is
unnatural and requires dutiful calcium supplementation with
careful medical follow-up. Conversely, some MEN-1 patients
with transplanted parathyroid tissue may actually develop recur-
rent PHPT as the transplanted tissue enlarges over time.

In a 2011 systematic review and meta-analysis, Shreinemakers
and colleagues assessed the optimal surgical approach for PHPT in
MEN-1 patients. Based on their own experience at a single center
and 12 additional studies over a 42-year period, they found that
patients undergoing anything less than subPTX (i.e., one- or two-
gland parathyroidectomy) had a significantly higher risk of develop-
ing recurrent and persistent PHPT compared to subPTX or totPTX
(OR 3.11, 95 % CI 2.00-4.84) [3]. Those that underwent subPTX
were then compared to totPTX patients; there were no major differ-
ences in rates of recurrent and persistent PHPT between these two
groups. Patients who received subPTX did, however, have a lower
risk of permanent hypoparathyroidism (OR 0.25, 95 % CI 0.11-
0.54) [3]. Based on this work, the authors preferred the use of sub-
PTX in MEN-1 patients over all other surgical options. A more
recent randomized-controlled trial involving 17 patients with sub-
PTX vs. 15 patients with totPTX and parathyroid autotransplanta-
tion suggests there are no differences between these two approaches
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when performed by experienced surgeons in a standardized fashion
[15]. The authors note, however, that the totPTX group had a longer
aparathyroid state while the autografts regained function.

Based on this literature and our own long-term experience
with MEN-1 patients, our practice relies on (1) bilateral neck
exploration, (2) visualization of four or more parathyroid
glands, (3) cervical thymectomy, (4) removal of 3.5 parathyroid
glands (subPTX), and (5) consideration for parathyroid auto-
transplantation (into strap muscles or subcutaneous fat of the
upper chest) if the remaining remnant’s blood supply is threat-
ened. All four parathyroids should be identified and assessed for
abnormality before any are resected. The smallest and most
normal-looking gland (gross appearance) is utilized for the
remaining remnant; it is ideal if it is an inferior gland and tacked
to the trachea away from the recurrent laryngeal nerve. We pre-
fer this approach for most patients with MEN-1 undergoing
initial surgery for PHPT. Preoperative imaging for localization
is occasionally utilized in very young patients.

Management

Our patient underwent subPTX with full four-gland exploration,
cervical thymectomy, and three-gland parathyroidectomy (left
inferior [230 mg], right inferior [830 mg], and right superior
gland [380 mg]). The left superior gland (visually appeared to
be normal and less than 40 mg in size) was left intact on its
viable blood supply. Her intraoperative PTH decreased from a
baseline of 62.6 to 23 pg/mL at 10-min post-excision. Her PTH
was 15 pg/mL on postoperative day number 1.

Seven years after her parathyroidectomy, the patient began to
have symptoms of nausea, similar to what she experienced
immediately after her pancreas surgery. No organic intra-
abdominal cause was found. Laboratory studies revealed a serum
calcium of 11.1 mg/mL. The PTH was found to be 58 pg/mL.
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Etiologies for recurrent PHPT include heterogeneity in gland
size at the index operation leading to insufficient resection [18],
supernumerary or ectopic glands missed during the initial surgery,
[6], and the progressive neoplastic potential inherent to remaining
parathyroid tissue in MEN-1 patients [7]. The treatment for this
frustrating situation in these patients is complicated and varies
based on the surgical experience of each institution and surgeon,
and especially the previous surgical intervention(s).

Options include reoperation, percutaneous alcohol ablation
(PetA), and medical therapies. Success rates for reoperation in
MEN-1 are highly variable [3, 7, 12, 16, 19], but reoperation does
portend a greater risk for recurrent laryngeal nerve injury [3, 7,
16]. Unpublished data from our institution reveal that after the
2nd (or more) operation(s) for recurrent pHPT in patients with
MEN-1, only 35 % are normocalcemic at 1-year follow-up. The
use of PetA in the event of recurrence has been described with
initial normocalcemia in 50-82 % of cases; however, persistent
hypercalcemia was noted in up to 90 % of patients by 24 months
[20, 21]. Finally, cinacalcet is well tolerated and appears to be
effective in some case reports and small series [22-24], but long-
term follow-up has been limited to a maximum of 60 months [22].

Our practice for MEN-1 patients with recurrent PHPT is to
confirm the diagnosis with PTH, serum and urinary calcium levels,
review the patient’s list of medications, and begin with localization
studies — most commonly a nuclear medicine parathyroid single-
photon emission computed tomography (SPECT). In patients with
suspected findings of one hyperfunctioning residual/ectopic gland,
fine-needle aspiration (FNA) with PTH washout can be performed
in hopes of planning for a limited cervical reexploration with
simple resection of the offending gland. Reoperative intervention
is tailored based on imaging and biopsy results. Discovery of mul-
tiple enlarged glands (Fig. 9.2) likely warrants bilateral neck reex-
ploration. While reoperation is our preference, patients with a
history of multiple or difficult reoperations should be assessed for
alternative strategies such as PetA or medical therapy. Although
there is no optimal treatment, the final decision should be based on



9 Parathyroid Surgery in Multiple Endocrine Neoplasia Type 1 81

TC-sestami 1123 1123
-3 8

Ant 5

682430 II. 259200 1
ANTTHTROID: TC-SESTAMIBLT ANTTHTROID123.1 HE

586641 1 256792 1
o s BT LAD TAYAOID 23T AR

Fig. 9.2 SPECT revealing increased sestamibi uptake in a patient with
potentially five hyperfunctioning glands

thoughtful and thorough discussions between experienced endo-
crine surgeons, endocrinologists, and the patient.

Outcome

In our patient we proceeded with a SPECT scan that identified a
unilateral solitary mass, and ultrasound of the neck identified this
to be 2 cm in size (Fig. 9.3a, b). Fine-needle aspiration with PTH
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Fig. 9.3 (a) Ultrasound of the neck revealing a large mass (arrow) near the
left carotid bifurcation. FNA biopsy of this lesion with PTH washout
revealed parathyroid tissue with a PTH level of 1933 pg/mL.
(b) Representative diagram of ultrasound shown in (a), highlighting the
location of the mass in the neck
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washout revealed parathyroid tissue with a PTH level of 1900 pg/
mL. Reoperation was performed and the enlarged gland was
removed with autotransplantation of a 40 mg portion to the left
forearm. The patient’s postoperative calcium and PTH normal-
ized and she remains normocalcemic 2 years after surgery.

Clinical Pearls/Pitfalls

e Primary hyperparathyroidism (PHPT) in MEN-1
patients is due to asymmetric, multi-gland parathyroid
adenomas.

* Initial surgery should begin with subtotal parathyroid-
ectomy; ideally 3.5 glands are removed.

» Recurrent PHPT is expected long term and is common
in most MEN-1 patients after the index parathyroidec-
tomy; associated hypercalcemia may be difficult to
treat.

» Recurrent PHPT after the initial subtotal parathyroidec-
tomy should be thoroughly assessed by experienced
endocrine surgeons and endocrinologists with a final
treatment plan based on each individual patient. Surgical
resection is optimal but offers no guarantee of long-term
eucalcemia in MEN-1 patients.
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Chapter 10
Parathyroid Carcinoma

Omair A. Shariq and Travis J. McKenzie

Case Study

A 7l1-year-old female presented to our clinic with a 3-month
history of recurrent abdominal pain, nausea, and fatigue. She
had a history of coronary artery disease, hypertension, and
osteoarthritis. She denied significant alcohol use and was a non-
smoker. She also denied any therapeutic radiation exposure or
family history of cancer. On clinical examination, she appeared
dehydrated and lethargic but was hemodynamically stable. A
right-sided firm, irregular, non-tender mass was palpable in the
area of the right thyroid lobe measuring approximately 3 cm by
examination.
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Laboratory investigations showed raised levels of total serum
calcium 14.0 mg/dL (nl. 8.9-10.1), phosphorus 2.2 mg/dL
(nl. 2.54.5), and parathyroid hormone (PTH) 239 pg/mL (nl.
10-65). Cervical ultrasonography (Fig. 10.1) revealed a 3.5-cm
heterogeneous, hypervascular lobulated mass with calcification
along the posterior aspect of the right lower thyroid lobe. There was
no concerning cervical lymphadenopathy. Tc-99 m sestamibi sin-
gle-photon emission computed tomography (SPECT-CT) showed a
large focus of heterogeneous sestamibi uptake in a region corre-
sponding with the mass identified on cervical ultrasound.

Diagnosis and Assessment

Our patient’s clinical presentation is consistent with hypercalce-
mia due to primary hyperparathyroidism. Parathyroid carci-
noma (PC) is a rare endocrine malignancy, accounting for
around 1 % of cases of primary hyperparathyroidism [1]. This
infrequent, but potentially life-threatening, clinical entity was
first reported by Wilder of Mayo Clinic in 1929 [2]. Conditions
that appear to result in an increased risk of PC include multiple
endocrine neoplasia type 1 [3], autosomal dominant familial
isolated hyperparathyroidism [4], and hyperparathyroidism-jaw
tumor syndrome due to mutation of the CDC73 gene [5].

PC presents a diagnostic and therapeutic challenge due to
overlapping features with benign primary hyperparathyroidism
and the lack of specific differentiating characteristics for malig-
nancy. However, patients with PC typically have a serum PTH
greater than five times the upper limit of normal and calcium
levels in excess of 14 mg/dL, significantly higher than those
with parathyroid adenoma or hyperplasia [6]. Unlike parathy-
roid adenoma, which has a female preponderance, PC affects
both sexes equally, with an earlier median age of diagnosis in
the fifth decade [7]. The findings of a palpable neck mass and
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dysphonia related to recurrent laryngeal nerve palsy as well as
the combination of severe renal and bone disease are also sug-
gestive of malignancy [7, 8].

The diagnosis of PC relies on a high index of suspicion, tak-
ing into account the patient’s clinical presentation, laboratory
studies, imaging, and histopathology. The vast majority of PCs
are functioning neoplasms, with clinical features and symptoms
resulting from excessive secretion of PTH rather than local infil-
tration or mass effect from the neoplasm itself. Initial laboratory
evaluation should include measurement of total serum calcium,
PTH, and serum creatinine and an assessment of overall fluid
and electrolyte status.

Ultrasound and sestamibi scintigraphy provide information
on localization and the extent of the neoplasm, though neither is
specific for carcinoma. Nonetheless, evidence of tumor inva-
sion, irregular margins, and cervical node enlargement on ultra-
sound may raise suspicion for PC [9]. SPECT-CT with sestamibi,
as utilized in this case, provides three-dimensional information
with improved sensitivity for the detection of hyperfunctioning
parathyroid glands [10]. Computerized tomography and mag-
netic resonance imaging, although not typically utilized on ini-
tial evaluation, may be useful adjuncts to ultrasonography in
assessing for distant metastases in the chest or abdomen.
Selective venous catheterization and PTH measurement may
also be useful if noninvasive tests are equivocal or negative.

Fine needle aspiration (FNA) is not recommended in the set-
ting of suspected PC due to the inability of cytology to differen-
tiate between benign and malignant disease and the potential
risk of ectopic tumor seeding [11].

Management

Prior to operative intervention, patients may require urgent man-
agement of dehydration, hypercalcemia, and associated metabolic
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abnormalities. Our patient was admitted for aggressive hydration
with saline, initiation of a loop diuretic to promote calcium excre-
tion, and administration of pamidronate. Following this, the deci-
sion was made to proceed to the operating room.

The gold standard treatment for PC is en bloc surgical resec-
tion [8]. Removal of any contiguous tissues to which the neo-
plasm adheres is necessary to achieve complete resection. This
frequently includes the ipsilateral thyroid lobe and may neces-
sitate resection of the ipsilateral recurrent laryngeal nerve.
Ipsilateral compartment VI central neck dissection with removal
of all lymphatic tissue should be performed. Care must be taken
to avoid rupturing the capsule of the neoplasm, as this increases
the likelihood of malignant parathyromatosis [12]. As highest
chance of cure is obtainable if en bloc resection is carried out at
the initial operation, a high index of suspicion for PC is there-
fore paramount. Chemotherapy and radiation have generally
shown disappointing results [13].

Histopathological diagnosis is challenging, and while early
pathologic criteria suggested the presence of a trabecular growth
pattern, capsular invasion, vascular invasion, dense fibrous
bands, and mitotic figures as suggestive of malignancy [14],
later studies have shown that none of these are pathognomonic
and may exist in parathyroid adenomas [15, 16]. Thus, the only
unequivocal proof of malignancy is the local invasion of con-
tiguous structures noted during surgery or the presence of dis-
tant metastasis.

In the postoperative period, serum calcium levels should be
closely monitored. Adequate replacement with oral calcium,
calcitriol, and intravenous calcium gluconate may be necessary
to avoid symptomatic hypocalcemia associated with the “hun-
gry bone syndrome.” When intravenous calcium supplementa-
tion is necessary, we recommend utilizing a central venous route
as peripheral venous calcium supplementation can rarely result
in local tissue necrosis [17].

Recurrence occurs in more than 50 % of cases [8, 18], most
commonly in the neck, followed by the lungs, liver, and bone
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[19]. The majority of patients benefit from debulking of recur-
rent disease, if technically feasible, as palliation from the effects
of hypercalcemia and hyperparathyroidism. Unfortunately,
reoperation is rarely curative and eventual relapse is likely.

Outcome

Intraoperatively, a 3.5-cm heterogeneous, firm mass was found
posterior to the right thyroid lobe with invasion into the thyroid
parenchyma and involving the right recurrent laryngeal nerve.
En bloc resection of the right parathyroid carcinoma with right
thyroid lobectomy, right recurrent laryngeal nerve excision,
and ipsilateral central lymph node dissection was therefore
performed. Intraoperative PTH dropped from a baseline of
193-17.4 pg/mL 15 min after removal. The patient was dis-
charged the following day without evidence of hypocalcemia.
At 6-month follow-up, serum calcium and parathyroid hor-
mone were within normal limits, and cervical ultrasound dem-
onstrated no evidence of recurrent or persistent structural
disease.

Clinical Pearls/Pitfalls

» PC is a rare cause of hyperparathyroidism.

* Opverlapping features with benign hyperparathyroidism
can make the diagnosis challenging.

* Compared with benign primary hyperparathyroidism,
patients with PC are more likely to present with symp-
toms, a neck mass, bone and renal disease, marked
hypercalcemia, and very high serum PTH levels.
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e Ultrasound, sestamibi, and SPECT-CT are helpful
in localizing and identifying the extent of the tumor.
FNA should be avoided.

* A definitive diagnosis of PC can only be made if the
tumor is noted to be invading into surrounding tissues
or distant metastases are found.

» Patients have the highest chance of cure if en bloc
resection is carried out at the initial operation. Thus,
preoperative suspicion and intraoperative recognition
of PC are essential.

* Correction of hypercalcemia and dehydration preopera-
tively is essential in preventing possible renal failure and
cardiac arrest.
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Chapter 11
Primary Hyperparathyroidism
Due to Parathyromatosis

Melanie L. Richards

Case Presentation

A 61-year-old woman was referred for recurrent primary hyper-
parathyroidism (PHPT). She reported symptoms of fatigue,
joint discomfort, and memory problems. A serum calcium level
was 12.8 mg/dl (normal, 8.9-10.1 mg/dl), and a parathyroid
hormone level (PTH) was 224 pg/ml (normal, 15-65 pg/ml).
Her 24-h urine calcium was 444 mg. A bone mineral density
study was unremarkable. There was a remote history of nephro-
lithiasis, and a recent abdominal film was negative for nephroli-
thiasis. She initially presented with hypercalcemia (serum
calcium 11.0 mg/dl) at age 41 and was diagnosed with PHPT. At
that time observation was recommended. Her past medical his-
tory was significant for childhood radiation therapy for ear
infections. Family history was significant for a maternal aunt
with PHPT.

At age 50 she developed nephrolithiasis and her calcium had
increased to 13.1 mg/dl. Surgery was recommended, and the
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patient underwent resection of a 3-cm right superior parathyroid
gland at an outside institution. A right thyroid lobectomy was
also performed because of nodular thyroid disease and history
of radiation exposure. No exploration of the left neck was per-
formed. The pathology report stated that she had a parathyroid
carcinoma. Her calcium normalized and remained normal until
4 years postoperatively when she had a minimal elevation of the
ionized calcium and a PTH of 109 pg/ml. Her pathology slides
were rereviewed and reported as an atypical parathyroid
adenoma. Parathyroid sestamibi imaging showed uptake in the
region of the left superior thyroid. No intervention was recom-
mended at that time.

Assessment and Diagnosis

Surgery in PHPT is successful 97 % of the time, and most
operative failures are related to persistent PHPT [1]. Recurrent
PHPT is diagnosed when a patient develops hypercalcemia after
a period of at least 6 months of normocalcemia following para-
thyroidectomy [2]. Patients that have persistent or recurrent
PHPT following removal of a hypercellular parathyroid gland/s
most likely have multiglandular disease, with hyperplasia being
more common than double adenomas. Parathyroid carcinoma is
responsible for fewer than 5 % of operative failures [3].
However, approximately 50 % of patients with parathyroid car-
cinoma will have a recurrence. Parathyromatosis is the rarest
cause of persistent or recurrent PHPT.

Parathyromatosis was first described in 1975 and has been
limited to case reports in the medical literature [4]. Patients with
parathyromatosis have sites (usually multiple) of hyperfunction-
ing parathyroid tissue that has implanted within soft tissues of
the neck and occasionally the mediastinum. The most likely
cause of parathyromatosis is disruption of a benign hypercellular
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parathyroid gland at the time of the initial operation. Patients at
risk for parathyroid disruption are those with larger parathyroid
glands. Parathyroid carcinomas are also typically larger and may
lead to parathyromatosis. It is controversial whether parathyro-
matosis in parathyroid cancer develops from tumor disruption
and seeding or whether it is a locoregional spread of the cancer.
Those with secondary hyperparathyroidism (HPT) who undergo
subtotal or total parathyroidectomy have been reported to have
the highest risk of developing parathyromatosis [3]. Patients that
have mediastinal parathyromatosis will typically have it intrathy-
mic, and it is often attributed to multiple parathyroid embryo-
logic rests becoming hyperplastic, either from secondary HPT or
with familial PHPT [5]. These embryologic rests can also be
located adjacent to the thyroid and in the perithyroidal fat [6].

This patient presents a unique challenge because she has risk
factors for multiglandular disease, as well as for parathyromato-
sis and possible parathyroid carcinoma. Having recurrence
alone suggests multiglandular disease, and in this patient it
could be either familial PHPT or related to a history of external
radiation therapy. A prolonged period of normocalcemia and the
absence of a critically high calcium level support the diagnosis
of an atypical parathyroid adenoma rather than a parathyroid
carcinoma. The histopathology of parathyroid carcinoma typi-
cally will show capsular, vascular, or lymph node invasion in
conjunction with a trabecular growth pattern and increased
mitoses (>1/10 high-power fields) [7]. It has been found that
there is not a single molecular marker for parathyroid cancer but
that a molecular profile consisting of loss of parafibromin and
Rb expression and an overexpression of galectin-3 supports the
diagnosis of parathyroid cancer [8]. Parathyromatosis does not
appear to be a low-grade parathyroid carcinoma. Having her
pathology rereviewed with current histopathologic techniques
and molecular studies was helpful to confirm a diagnosis of an
atypical parathyroid adenoma, as opposed to the initial diagno-
sis of parathyroid cancer.
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The parathyroid gland removed at the primary operation was
reported to measure 3 cm in size, which would be classified as
very large and also at risk for parathyromatosis. Parathyroid
imaging that localizes can be utilized to differentiate between the
causes of recurrent PHPT. It may localize hypercellular parathy-
roid glands in the anatomic region of a normal parathyroid gland
or an ectopic location consistent with embryologic development
of a parathyroid gland (e.g., carotid sheath, thymus, piriform
sinus, intrathyroidal). Localization in the soft tissue, typically in
multiple areas, indicates parathyromatosis. Neck ultrasound is
more helpful for localization than sestamibi parathyroid imaging
secondary to the small size of the implants and the more superfi-
cial location in the subcutaneous fat and strap muscles.

The decision to proceed with localization is based on whether
the patient is a surgical candidate. The success of a reoperation
is increased when concordant findings are found on two or more
imaging modalities [9]. We have reported curative reoperation in
89 % of all patients with persistent or recurrent PHPT [10].
Patients with parathyromatosis are difficult to cure secondary to
the multiple sites of implanted tissue in the reoperative field. A
comprehensive literature review of 35 patients with parathyro-
matosis (both PHPT and secondary HPT) reported 25/35 (71 %)
cases with documented persistent or recurrent disease [3].

Management

The patient underwent parathyroid subtraction imaging with
single-photon emission computed tomography (SPECT) views.
The images showed uptake in area of the right thyroid bed, which
are shown to be more anterior in the pretracheal area on SPECT
(Figs. 11.1 and 11.2). A neck ultrasound showed multiple nod-
ules in the neck (Fig. 11.3). There were a 9-mm nodule in the
right thyroid bed and a 1.3-cm nodule inferior to the left lobe of
the thyroid, both corresponding to the abnormalities seen on the
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Fig. 11.1 Parathyroid subtraction imaging showing uptake in the pretra-
cheal region

parathyroid scan. There were three nodules within the left thy-
roid gland (the right lobe was surgically absent) with the largest
measuring 1.8 cm. There were two nodules felt to be enlarged
lymph nodes located pretracheal within the subcutaneous tissue,
the measuring 1.2 cm and 0.7 cm. There was also a small super-
ficial “lymph node” superficial to the left lobe of the thyroid
gland measuring 5 mm. The largest thyroid nodule and one of the
large lymph nodes underwent fine needle aspiration biopsy. The
thyroid nodule biopsy was nondiagnostic, and the pretracheal
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Fig. 11.2 SPECT sestamibi parathyroid imaging showing multiple pretra-
cheal nodules

nodule was neoplastic with a reported differential of parathyroid
versus follicular versus medullary. A vocal cord assessment was
normal. Neck exploration was recommended for removal of the
multiple implants and a completion thyroidectomy because of
the nondiagnostic biopsy and history of external radiation.

She underwent cervical exploration with intraoperative PTH
monitoring and intraoperative laryngeal nerve monitoring.
Completion thyroidectomy confirmed multiple adenomatous nod-
ules. The left inferior parathyroid gland was enlarged and excised,
confirmed to be hypercellular and weighing 200 mg. The left supe-
rior parathyroid gland was grossly normal in size, and a biopsy
confirmed parathyroid tissue. Adjacent to his was a small implant
of hypercellular parathyroid tissue. There were six subcutaneous
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Fig. 11.3 Neck ultrasound demonstrating multiple subcutaneous nodules
ranging in size from 0.5 to 1.2 cm, multiple nodules in the left thyroid (larg-
est 1.8 cm), 9-mm nodule in the right thyroid bed, and a 1.3-cm nodule
inferior to the left thyroid

and intramuscular implants of hypercellular parathyroid tissue,
several with atypia, excised. They ranged in size from 40 to
920 mg. A total of 1,540 mg of hypercellular parathyroid tissue was
excised. Methylation-inhibited binding protein-1 (MIB-1) stain
showed a moderate proliferative rate consistent with parathyroma-
tosis. Intraoperative PTH levels normalized to 26 pg/ml.

Outcome

She remained normocalcemic for 8 months after her cervical
re-exploration. At that time she had a mildly elevated calcium of
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10.3 mg/dl. She was asymptomatic and followed conservatively
for two more years. She developed progressive hypercalcemia
and became symptomatic. At that time she underwent re-
exploration at an outside institution with removal of three sub-
cutaneous implants.

Clinical Pearls/Pitfalls

* Care should be taken to minimize disruption of hyper-
cellular parathyroid glands at the initial operation. If
there is disruption of the parathyroid gland, then it is
critical to remove any identifiable fragments of para-
thyroid tissue.

» Parathyromatosis should be considered in the differen-
tial for patients with persistent or recurrent PHPT, par-
ticularly if they had a history of a large hypercellular
parathyroid gland.

e Multimodality imaging can be helpful for creating an
intraoperative road map to identify the multiple sites of
parathyromatosis.

 Intraoperative PTH monitoring is a useful adjunct that
may reduce the incidence of persistent PHPT.

» Parathyromatosis may be difficult to cure in a single
reoperation. It is important to have long-term follow-up
to identify persistent and recurrent disease.
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Chapter 12
Familial Hypocalciuric
Hypercalcemia

Ann E. Kearns and Robert A. Wermers

Case Presentation

A 38-year-old woman is referred for evaluation of persistent
primary hyperparathyroidism (PHPT). Two years prior, hyper-
calcemia was detected during evaluation of “hurting all over.” A
diagnosis of PHPT was made based on calcium 11.6 mg/dL and
PTH 62 pg/mL. A parathyroid scan was reported not to localize
a potential parathyroid adenoma. She underwent a neck explora-
tion. Pathology revealed that only one of the six tissue samples
contained parathyroid tissue and that parathyroid tissue appeared
normal. Hypercalcemia persisted postoperatively (11.8 mg/dL)
with a normal PTH (46 pg/mL). A second parathyroid scan was
again negative. She reports that her father had hypercalcemia,
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but no other details or a specific diagnosis was known. She had
no history of head and neck irradiation or lithium therapy, and
no history of kidney stones. Current medications did not include
thiazide-type diuretics or calcium supplements. Physical exami-
nation was normal, with note of a well-healed neck scar.

Her current laboratory evaluation revealed calcium 11.0 mg/
dL (8.9-10.2 mg/dL), PTH 63 pg/mL (15-65 pg/mL), 24 h
urine calcium 40 mg/24 h, and calculated calcium/creatinine
clearance ratio 0.004. Imaging of the kidneys was negative for
kidney stones and bone density was normal in the hip, spine,
and radius.

Assessment and Diagnosis

The initial approach to a patient with persistent hypercalcemia
after parathyroidectomy includes a review of the original diag-
nosis of PHPT and a review of the operative report and pathol-
ogy report from the initial surgery. Diagnostic considerations
include the possibility of an ectopic parathyroid adenoma or
inadequate neck exploration, parathyroid carcinoma, and
multigland parathyroid disease (Table 12.1). In this case the his-
tory of hypercalcemia in the patient’s father suggests possible
familial disorders of PHPT which include familial hypocalciuric
hypercalcemia (FHH), multiple endocrine neoplasia (MEN)
syndromes, hyperparathyroidism-jaw tumor, familial isolated
hyperparathyroidism, and non-syndromic PHPT [1]. There are
now three MEN syndromes but PHPT is most commonly seen
in MEN type 1 which has common manifestations of pancreatic
and pituitary tumors also. Hyperparathyroidism-jaw tumor syn-
drome is characterized by parathyroid tumors including carci-
noma and fibro-osseous jaw tumors. In all the familial disorders
except FHH, the urinary calcium is usually elevated as in spo-
radic PHPT.
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Table 12.1 Diagnostic considerations in confirmed albumin-corrected
hypercalcemia with inappropriately normal or elevated parathyroid hor-
mone level

Sporadic primary Familial primary
hyperparathyroidism hyperparathyroidism
Adenoma (85 %) Isolated
Hyperplasia (15 %) MENI1
Carcinoma (<1 %) MEN2A
MEN4
Hyperparathyroidism-jaw tumor
Familial hypocalciuric Tertiary hyperparathyroidism
hypercalcemia
Autoimmune hypocalciuric Chronic renal failure
hypercalcemia

Lithium-associated hypercalcemia  Thiazide-associated hypercalcemia

FHH is an autosomal dominant disorder with a nearly 100 %
penetrance of hypercalcemia at all ages most commonly caused
by a heterozygous inactivating mutation of the CASR gene,
which encodes the calcium-sensing receptor (CaSR) [2, 3].
Homozygous inactivating mutations are found in neonatal severe
hyperparathyroidism. The CaSR is a critical part of calcium
homeostasis through its role in regulating PTH secretion and
renal tubular reabsorption of calcium. The result of the inactivat-
ing mutation is an increase in the set point for calcium-induced
suppression of PTH secretion and renal tubular calcium reab-
sorption. The CaSR is a typical G-protein-coupled receptor that
is widely expressed both in tissues with direct involvement with
calcium homeostasis such as the parathyroid glands and the kid-
neys but also in tissues without a role in calcium homeostasis [4].

Initially FHH was thought to be only caused by mutations in
the CASR gene (FHHI1 in ~65 %). However, additional loss of
function mutations has been identified in the G-alpha subunit 11
(GNA1I1 gene) (FHH2 in =15 %) [5] and the adaptor-related pro-
tein complex, sigma 1 subunit (AP2S/ gene) (FHH3 in = 20 %),
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which encodes the adapter-protein 2 sigma subunit [6]. These
mutations interfere with the normal signaling of the CaSR com-
plex. On a clinical basis, these are indistinguishable from FHH
caused by inactivation of the CaSR.

Distinguishing PHPT and FHH can be challenging, espe-
cially in the absence of a family history. Clear evidence of prior
normal calcium values over time would argue against FHH and
for PHPT. Individuals with FHH do not present with the classic
complications seen in PHPT such as nephrolithiasis. However,
serum PTH levels are elevated in 5-25 % of FHH subjects [7],
and although renal calcium to creatinine clearance ratio below
0.01 is highly suggestive of FHH, there is considerable overlap
in this ratio between FHH and PHPT. The risk of osteoporosis
in individuals with FHH is similar to that expected in the gen-
eral population, and forearm bone mineral density (frequently
low in PHPT) was not found to be a reliable diagnostic tool to
discriminate the two disorders [8].

Management

The findings of a low calcium/creatinine clearance ratio and a
father with hypercalcemia were suggestive of FHH. The patient
agreed to genetic testing of the CASR gene for mutations that
cause inactivation and would suggest a diagnosis of FHH. The
following heterozygous sequence change was detected: Exon, 7;
DNA change, ¢.2243C>G; and amino acid change, p.
P748R. This alteration is known to be disease associated with
FHH. The inactivating mutations in the CASR gene giving rise
to FHH now number over 150 and can occur anywhere in the
coding region but most frequently are reported in the N-terminal
extracellular domain and the signal transduction domain [4].
Variable elevations in serum calcium levels are seen with differ-
ent CASR gene mutations. CASR gene testing can be falsely
negative in approximately 30 % if the mutation is outside of the
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tested coding exons. Autoantibodies to the CaSR (autoimmune
hypocalciuric hypercalcemia) have been reported to result in a
similar syndrome of hypocalciuric hypercalcemia [9].

Outcome

The patient was reassured that this finding did not require addi-
tional surgery. She received counseling about the autosomal
dominant mode of inheritance and was advised to inform family
members who may have inherited this disorder.

Clinical Pearls

e Persistent PHPT after an initial neck exploration
requires reassessment of the underlying diagnosis.

» Several disorders can produce familial PHPT, but FHH is
classically associated with low urinary calcium and the
others are not.

* There is some overlap in the biochemical parameters
reported in PHPT and FHH.

* Genetic testing should be considered in suspected cases
of FHH because documenting a disease-associated
mutation can eliminate unnecessary surgery.
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Chapter 13
Medical Management of Primary
Hyperparathyroidism

Ann E. Kearns

Case Presentation

A 53-year-old woman is seen for persistent primary hyperpara-
thyroidism (PHPT). She has a complex past history of PHPT. She
was originally found to be hypercalcemic at age 39 on routine
blood tests performed prior to initiating medication for psoria-
sis. Testing confirmed the presence of PHPT: calcium 14.1 mg/
dL (8.9-10.2 mg/dL), parathyroid hormone (PTH) 30 pg/mL
(1.0-5.2 pg/mL), and 24 h urine calcium 321 mg/24 h. She had
no family history of hypercalcemia or endocrine tumors. She
had no personal history of kidney stones, head and neck irradia-
tion, lithium use, or fractures. She underwent her first neck
exploration with removal of a right inferior parathyroid ade-
noma weighing 1.56 g. Her calcium never completely normal-
ized. She subsequently has undergone a total of five neck
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explorations without complete resolution of hypercalcemia. Her
bone density is normal in the lumbar spine and hips and
osteopenic at the one-third radius with a T-score of —1.6. She
has no recurrent laryngeal nerve damage. Her current laborato-
ries show calcium 11.9 mg/dL (8.9-10.2 mg/dL) and PTH
215 pg/mL (10-65 pg/mL). She has symptoms of fatigue and
depression. Her only other medical problem is psoriasis.
Parathyroid scan, neck ultrasound, and a four-dimensional com-
puted tomography (4D CT) scan do not identify abnormal para-
thyroid gland.

Assessment and Diagnosis

Surgery is the treatment of choice for PHPT and is highly cura-
tive of the disorder. However, in the reoperative case for persis-
tent (as this patient has) or recurrent PHPT, the cure rate is
dramatically reduced with increasing number of operations [1].
Medical management of patients with PHPT is considered when
surgery is not recommended due to comorbid medical condi-
tions, unsuccessful or complicated prior surgery, or based on
patient choice. Patients not undergoing surgery should be
assessed for current complications of PHPT with appropriate
imaging (e.g., bone density testing, kidney imaging for nephro-
lithiasis) and blood tests to assess calcium and kidney
function.

A recent consensus statement on medical management of
PHPT recommended that patients with PHPT be advised to
consume the same amount of calcium as the general population
and vitamin D intake should be adequate to maintain levels at
least greater than 20 ng/mL [2]. Repletion of vitamin D defi-
ciency in PHPT has been shown to lower bone turnover [3].
Therapy with oral bisphosphonates (alendronate and risedro-
nate), estrogen, or raloxifene has been shown to have beneficial
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effects on bone density and bone turnover in PHPT [2]. No
long-term trials have been performed with fracture outcomes. In
one study, surgery was more beneficial to bone density than
risedronate [4]. No consistent effects have been seen on serum
calcium with use of oral bisphosphonates or raloxifene in
PHPT. Therefore, it seems reasonable to use bisphosphonates,
especially alendronate which is the best studied in PHPT, to
attenuate the effects of PHPT on bone density in patients with
osteoporosis or high fracture risk. The duration of bisphospho-
nate therapy use in PHPT has not been studied and may be
determined by periodic assessment of fracture risk and bone
density. A drug holiday may be appropriate as in general post-
menopausal osteoporosis.

Cinacalcet is a calcimimetic drug that increases the sensitiv-
ity of the calcium-sensing receptor on the parathyroid glands,
thereby reducing PTH secretion and serum calcium. In a recent
short-term double-blind randomized placebo-controlled trial,
cinacalcet normalized calcium in 76 % of PHPT subjects and
PTH was reduced [5]. A pooled analysis similarly demonstrated
that cinacalcet was effective in lowering calcium across a spec-
trum of PHPT including failed parathyroidectomy [6]. However,
cinacalcet did not have demonstrable benefits on bone density.
A small prospective study suggests that cinacalcet with appro-
priate diet may lower the rate of formation of kidney stones in
PHPT [7]. Symptom improvement in PHPT treated with cina-
calcet has not been extensively studied but a small study of 17
patients reported improvement in Medical Outcomes Study
(MOS) Short Form 36 (SF-36) scores with cinacalcet treatment
[8]. As with bisphosphonate use in PHPT, the potential long
duration of use of cinacalcet in this setting is unstudied. The
high incidence of side effects including nausea, vomiting, and
diarrhea may limit use. Hypocalcemia may develop; however,
dose titration starting with 30 mg twice daily and increasing
every 3 weeks did not result in hypocalcemia in a recent trial in
PHPT [5]. It is also important to remember that drug interactions
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may occur related to strong inhibition of CYP2D6 and as a sub-
strate of CYP3A4. The relatively high cost of cinacalcet may be
an additional barrier for some patients.

Combination therapy with bisphosphonate and cinacalcet is
an attractive option in PHPT as it would provide bone density
improvement and calcium lowering. Neither agent alone can
achieve this. Retrospective studies report benefits to both cal-
cium and bone density with the combination but prospective
trials or controlled trials are lacking [2].

Management

The lack of localization on imaging precluded considering an
additional operation. This may be due to parathyromatosis
which is often difficult to visualize (see Chap. 11). Her degree
of hypercalcemia and symptoms were considered as reasons to
initiate medical therapy, with a goal of normalizing her calcium
and determining if that improved symptoms. She was advised
about calcium and vitamin D intake and prescribed cinacalcet
30 mg once daily. This was titrated up to 30 mg twice daily and
calcium levels normalized, and she reported improvement in her
fatigue. Bisphosphonates were not initiated due to her near nor-
mal bone density.

Outcome

Two years later, she continues on cinacalcet and calcium
remains normal although PTH is persistently mildly elevated.
Bone density is unchanged. It is not clear how often to monitor
bone density on cinacalcet therapy. She is at risk of bone loss as
she enters the menopausal transition.
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Clinical Pearls/Pitfalls

e Surgery remains the treatment of choice for PHPT
patients needing treatment.

» Bisphosphonates, particularly alendronate, have been
shown to improve bone density in PHPT, but may not
be superior to surgery in improving bone density.

* Cinacalcet can lower or normalize serum calcium in
PHPT but does not improve bone density.

e Combination therapy with both alendronate and cina-
calcet may be attractive for patients with osteoporosis
or high fracture risk and significant hypercalcemia.
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Chapter 14
Primary Hyperparathyroidism
in Children and Adolescents

Hana Barbra Lo and Peter J. Tebben

Case Presentation

A 13-year-old previously healthy boy was referred for evalua-
tion and treatment of hypercalcemia. His laboratory tests were
calcium 11.5 mg/dL (9.6-10.6 mg/dL), parathyroid hormone
(PTH) 121 pg/mL (15-65 pg/mL), phosphorus 3.7 mg/dL (4.0—
5.2 mg/dL), and creatinine 0.7 mg/dL (0.4-0.8 mg/dL). He
consumed approximately 1,000-1,200 mg of calcium daily
through his diet. Growth and development had been normal. He
had no history of fractures, nephrolithiasis, and no symptoms
attributable to hypercalcemia. His urine calcium was elevated at
358 mg/day (5.8 mg/kg/day; nl — <4 mg/kg/day). X-ray of the
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kidney, ureters, and bladder (KUB) did not identify occult kid-
ney stone disease.

Laboratory assessment was performed due to a history of
familial isolated primary hyperparathyroidism (FIPHPT). His
father, older sister, and multiple additional paternal family
members had undergone parathyroid surgery for PHPT. The
underlying genetic cause for FIPHPT was unknown. There was
no family history of pituitary disease, pancreatic/duodenal
tumors, medullary thyroid cancer, adrenal tumors, or jaw
tumors.

Six months later, his serum calcium increased to 12.5 mg/dL
with a PTH of 163 pg/mL. He remained asymptomatic with no
fractures or clinical renal disease. His calcitonin was normal as
was his 24-h urine catecholamines and metanephrines. No jaw
tumors were noted on physical exam.

Assessment and Diagnosis

Primary hyperparathyroidism (PHPT) is a commonly encoun-
tered endocrine disorder in adults, the incidence of which
appeared to have increased after the introduction of automated
serum calcium measurements in the 1970s, with another peak
observed in the 1990s which coincided with the sharp increase
in bone mineral density measurement. The overall incidence in
adults reported from 1998 to 2010 was 50.4 per 100,000 person
years [1, 2]. However, it is still a rare condition in infants and
children with an incidence estimated at only 2-5 per 100,000 [3,
4]. Although some studies of children have suggested a male [5,
6] or female preponderance [3, 7], a recent review found no
significant sexual predilection in children [4]. This is in contrast
to the clear preponderance of disease in women in the adult
population. Although PHPT is most commonly caused by a
single adenoma in both children and adults, one study found that
31 % of children had familial disease which is in contrast to the
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small fraction of adults who have familial PHPT [3, 4]. As in
adults, children with familial disease are much more likely to
have parathyroid hyperplasia rather than a single adenoma. It is
therefore critical to consider the family history when evaluating
any child with PHPT.

Several germline gene defects have been identified that can
lead to familial PHPT (Table 14.1) [4]. Neonatal severe hyper-
parathyroidism (NSPHPT) is a distinct form of PHPT caused by
biallelic mutations in the CASR gene which encodes the
calcium-sensing receptor, a G-protein-coupled receptor on the
plasma membrane of parathyroid and renal tubule cells. Affected
neonates may have severe metabolic bone disease and life-
threatening hypercalcemia within the first few days of life, often
requiring urgent intervention [4, 6, 8]. In contrast, heterozygous
CASR mutations causing familial hypocalciuric hypercalcemia
(FHH) typically lead to a mild and generally asymptomatic
hypercalcemia [4, 8]. Multiple endocrine neoplasia type 1
(MEN1), a syndrome characterized by parathyroid, pancreatic,
and pituitary tumors, is the most common cause of inherited
PHPT. More than 90 % of MEN 1 patients will have PHPT,
more commonly multiple adenomas or diffuse hyperplasia, and
it is usually the first manifestation of the syndrome. Less com-
mon genetic syndromes causing PHPT include MEN2a, with
20-30 % of the patients developing PHPT, and hyperparathy-
roidism-jaw tumor (HPT-JT) syndrome, a rare autosomal domi-
nant syndrome due to mutations in the HRPT2 gene which is
characterized by parathyroid adenomas and fibro-osseous
lesions of the maxilla and mandible [4].

Elevated serum calcium with an elevated or inappropriately
normal PTH is the hallmark biochemical feature that establishes
the diagnosis of PHPT in children. This must be distinguished
from secondary HPT that is commonly due to vitamin D and or
calcium deficiency leading to elevated PTH concentrations with
low-normal or low serum calcium levels. When evaluating a
child with hypercalcemia, it is important to be aware that the
normal ranges for serum calcium and phosphorus differ based on
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age and gender (Table 14.2). Healthy infants and children have
higher calcium and phosphorus concentrations compared to
adults. This finding will influence the interpretation of laboratory
studies, especially in children with mild calcium and parathyroid
abnormalities. Urine calcium should also be interpreted with the
age of the child in mind. Older children can often provide a 24-h
urine sample in which case an upper limit of normal of 4 mg/kg/
day can be applied. In infants and younger children, a calcium-
to-creatine ratio on a spot urine sample can be used (Table 14.2).
Some patients may also have hypophosphatemia, due to the
action of PTH in the kidney and an elevated serum alkaline phos-
phatase, especially with documented bone involvement.

A recent review of the biochemical profile of children and
adolescents with PHPT found a greater degree of hypercalcemia
and hypercalciuria at presentation compared to adults despite
similar parathyroid hormone concentrations. Furthermore, ade-
noma weight and alkaline phosphatase activity among age
groups did not reveal significant difference. These observations
suggest a possible greater sensitivity of target organs to PTH
and an apparent decrease in the sensitivity of the parathyroid
adenoma to negative feedback by calcium in young patients
with PHPT [4, 9].

PHPT (especially sporadic) in children is associated with
greater morbidity and end-organ damage at the time of diagnosis
compared to adults. Most modern-day adult cohorts are asymp-
tomatic and diagnosed incidentally [4, 9, 10], while as many as
79-91 % of children with PHPT present with symptoms attribut-
able to the disease [3, 7, 11]. Another significant difference of
juvenile compared with adult PHPT is the presence of end-organ
damage at the time of diagnosis, the most common of which are
renal and skeletal involvement [3, 11]. Bone disease, presenting as
bone pain, radiographic evidence of osteopenia and osteolysis,
diminished bone densitometry or fractures, occurs in about 43 %
of children. Nephrolithiasis or nephrocalcinosis, at times leading
to chronic kidney disease, is present in about 39 % [3, 4, 11].
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Table 14.2 Age- and gender-appropriate normal values

Normal values

Serum total calcium, males

1-14 years 9.6-10.6 mg/dL
15-16 years 9.5-10.5 mg/dL
17-18 years 9.5-10.4 mg/dL
19-21 years 9.3-10.3 mg/dL
>22 years 8.9-10.1 mg/dL
Serum total calcium, females

1-11 years 9.6-10.6 mg/dL
12-14 years 9.5-10.4 mg/dL
15-18 years 9.1-10.3 mg/dL
>19 years 8.9-10.1 mg/dL
Serum inorganic phosphorus, males

1-4 years 4.3-5.4 mg/dL
5-13 years 3.7-5.4 mg/dL
14-15 years 3.5-5.3 mg/dL
16-17 years 3.1-4.7 mg/dL
>18 years 2.5-4.5 mg/dL
Serum inorganic phosphorus, females

1-7 years 4.3-5.4 mg/dL
8-13 years 4.0-5.2 mg/dL
14-15 years 3.5-4.9 mg/dL
16-17 years 3.1-4.7 mg/dL
>18 years 2.5-4.5 mg/dL
Random urine calcium/creatinine ratio

0-12 months <2,100 mg/g
13-24 months <450 mg/g
25 months-5 years <350 mg/g
6-10 years <300 mg/g
11-18 years <260 mg/g
>19 years <220 mg/g

The normal values listed above were adapted from Mayo Medical
Laboratories. Each laboratory may have different reference values
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Nonspecific symptoms such as fatigue, poor appetite, weight loss,
depression, hypertension, polyuria, polydipsia, abdominal pain,
nausea, and vomiting may be the only manifestations of the dis-
ease or they may be associated with end-organ damage [3, 4, 11].
About 15 % of patients were asymptomatic at the time of diagno-
sis and were only discovered following an incidental finding of
hypercalcemia [4]. This distinct clinical history of PHPT in chil-
dren and adolescents may be attributed to several factors. Because
routine biochemical screening is not performed as commonly in
children as in adults, a degree of ascertainment bias may arise. As
such, a diagnosis of PHPT is made only when the disease becomes
symptomatic which is more reminiscent of PHPT in adults prior to
the routine measurement of serum calcium [1, 12, 13]. Lack of
specific symptoms may also lead to a delay in the appropriate
diagnosis in many patients. The average delay occurring between
the onset of symptoms and diagnosis ranges from 7.2 months to as
long as 4.7 years in children [3, 7, 14]. Patients without renal
symptoms had a longer duration of symptoms before a diagnosis
of PHPT was secured. This significant delay in diagnosis unfortu-
nately leads to more end-organ damage in this population.
Surgery is the only definitive treatment for PHPT and is the
mainstay of management in pediatric patients. Currently, there
are no existing guidelines on the management of asymptomatic
children with PHPT. However, they have a higher potential to
present with end-organ damage compared to adults [7].
Furthermore, a study that observed the natural history of asymp-
tomatic adult patients who did not undergo surgery revealed
progression of the disease in one third of the subjects over a
15-year follow-up [15]. Little information is available regarding
the changes in skeletal and renal outcomes in children after
parathyroidectomy. A single case report described a pronounced
improvement in bone density after parathyroidectomy in a
16-year-old boy [16]. Resolution of renal stone disease has been
reported in some children with persistent disease noted in others
[7, 16]. The current consensus is that all asymptomatic adults
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less than 50 years of age should be considered for surgery [10].
It is therefore prudent to perform surgery in the pediatric popu-
lation even if they have mild disease.

Surgical outcome in pediatric patients is generally excellent,
with successful restoration of normal serum calcium in 94 % of
cases [3]. This parallels previously reported success rates in
adults [3, 17]. Short-term complications include postoperative
transient hypocalcemia, musculoskeletal symptoms, and tran-
sient vocal cord paralysis. Long-term adverse events such as
permanent vocal cord dysfunction or hypoparathyroidism are
uncommon when performed by an experienced endocrine sur-
geon. Several reports have concluded that the incidence of com-
plications, length of hospital stay, and cost correlates to surgeon
volume, with superior outcomes observed among high-volume
endocrine surgeons [18, 19].

Management

The patient underwent a parathyroid scan that revealed a clear
left-sided parathyroid lesion (Fig. 14.1a). At surgery, a left supe-
rior 620 mg parathyroid gland was removed. Because of the
family history, the left inferior parathyroid gland (30 mg) was
also removed so as to avoid the need for future left neck explo-
ration. Both glands were noted to be hypercellular. Four months
after surgery, his serum calcium and parathyroid hormone con-
centrations were normal. Fifteen months after his initial surgery,
he was found to have recurrent hyperparathyroidism with a
serum calcium of 11.5 mg/dL, phosphorus of 2.7 mg/dL, creati-
nine of 0.8 mg/dL, and PTH of 79 pg/mL. His urine calcium was
significantly elevated at 446 mg/day (7.3 mg/kg/day). Renal
ultrasound did not identify nephrolithiasis or nephrocalcinosis.
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His bone density measured by dual-energy x-ray absorptiometry
(DXA) was normal. A parathyroid scan was obtained revealing
a clear parathyroid lesion on the right (Fig. 14.1b). A second
operation was undertaken and a 210 mg hypercellular right
superior parathyroid gland was removed.
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The patient recovered well from his second surgery without
complications. He remains asymptomatic with normal serum
calcium and parathyroid hormone concentrations 4 years after

his second surgery.
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Clinical Pearls/Pitfalls

* Symptomatic disease with end-organ damage is com-
mon in children with PHPT.

e A detailed family history should be obtained for all
children with PHPT and genetic disorders considered,
especially in those with multi-gland disease/
hyperplasia.

e Surgery should be undertaken by high-volume sur-
geons with experience in performing endocrine surgery
in children.

* Age-appropriate normal ranges for serum calcium
should be used when considering the diagnosis of
hyperparathyroidism in children.
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Chapter 15
Primary Hyperparathyroidism
in Pregnancy

Haleigh James, Geoffrey B. Thompson,
and Robert A. Wermers

Case Presentation

A 23-year-old pregnant woman was referred for management of
primary hyperparathyroidism (PHPT) in the setting of multiple
endocrine neoplasia type 1 (MEN1). Shortly after becoming
pregnant, the patient’s calcium was found to be 11.4 mg/dL. At
the time of presentation, she was at 23-week gestation with the
following laboratories: serum calcium, 10.2 mg/dL (nl, 8.9—
10.1); phosphorus, 2.9 mg/dL (nl, 2.5-4.5); normal creatinine;
and PTH, 45 pg/mL (nl, 15-65).

Her father and one of her three sisters also had MEN1, mani-
fested by pancreatic neuroendocrine tumors, PHPT, and a pitu-
itary tumor in her sister. She had been diagnosed with MEN1 by
genetic testing (exon 10 Arg 527 stop) 6 years prior to pregnancy
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and was found to have associated PHPT. At that time, her serum
total calcium was 10.5 mg/dL (nl, 9.1-10.3), phosphorus was
3.1 mg/dL (nl, 2.5-4.5), parathyroid hormone (PTH) level was
40 pg/mL, and creatinine was 0.7 mg/dL. Nuclear parathyroid
scan showed mild focal increased uptake at the lower pole of the
left thyroid lobe and posterior to the right thyroid lobe, consis-
tent with small parathyroid adenomas. She had normal bone
mineral density and no history of nephrolithiasis and denied
symptoms of hypercalcemia such as polydipsia, polyuria, nau-
sea, anorexia, constipation, pain, and neuropsychiatric changes,
so the decision was made to forego surgery and monitor her
serum calcium every 6 months.

Other studies done at that time of her initial diagnosis of
MENI1 included a magnetic resonance imaging (MRI) of the
brain with and without contrast with inclusion of a sella proto-
col, which was normal. A computed tomography (CT) scan of
her abdomen with biphasic imaging of the pancreas was also
unremarkable. She had normal gastrin, chromogranin A, human
pancreatic polypeptide (HPP), glucagon, insulin-like growth
factor 1 (IGF1), and prolactin levels.

Assessment and Diagnosis

Neck ultrasound showed a 7x3 x5 mm hypoechoic oval nodule
posterior to the right thyroid and a 4 x2x3 mm nodule inferior
to the left thyroid lobe, suggestive of possible parathyroid adeno-
mas. An obstetrical ultrasound was normal with an estimated
gestational age of 20 weeks and 6 days. Maternal fetal medicine
recommended fetal heart rate monitoring before and immedi-
ately after surgery. They also suggested she be positioned with
left lateral tilt during surgery to avoid vena cava compression and
possible compromise to uterine blood flow. Finally, they felt her
risk of preterm labor was remote and hence, did not recommend
delaying surgery for antenatal steroids for fetal lung maturity.
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MENTI is an autosomal dominant condition caused by
mutations in the tumor suppressor gene MENI, which classi-
cally predisposes affected patients to tumors involving the
parathyroid glands, anterior pituitary, and pancreatic islet
cells. Carcinoid, adrenal cortical tumors, facial angiofibro-
mas, collagenomas, and lipomatous tumors can also develop
in MEN1. PHPT due to parathyroid adenomas is the most
common manifestation of MENI1, occurring in 90 % of
patients [1]. Compared to patients with sporadic PHPT,
patients with MEN1-associated hyperparathyroidism usually
present at an earlier age (second to fourth decade vs. sixth
decade), have an equal male-to-female ratio (1:1 vs. 1:3), and
have lower bone mineral density [2]. Many of these patients
are diagnosed after hypercalcemia is noted incidentally, but
they may also present with vague symptoms of hypercalcemia
(polydipsia, polyuria, malaise, constipation, neuropsychiatric
changes) or with nephrolithiasis [1].

It is recommended that patients with MEN1 be screened
for hyperparathyroidism yearly with serum calcium and PTH
measurements. While preoperative imaging is often per-
formed in patients with sporadic PHPT to determine if
patients are candidates for minimally invasive surgery [3], it
is of limited benefit in MEN1 patients because multiple
glands are usually affected and bilateral neck exploration is
required regardless of imaging results in patients who
undergo surgery [1]. Nonetheless, some surgeons prefer pre-
operative localization to aid with surgical planning, even in
MENTI patients.

PHPT in pregnancy is associated with several risks to both
the mother and fetus. Maternal complications include hyper-
emesis, nephrolithiasis, mental status changes, muscle weak-
ness, and rarely pancreatitis. Neonatal hypoparathyroidism,
hypocalcemia, and even tetany may result from fetal PTH sup-
pression in the setting of maternal hypercalcemia because
calcium is transported across the placenta to the fetus. Hence, in
pregnancies complicated by PHPT, the neonate should have
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monitoring of serum calcium, with awareness that
hypoparathyroidism may not be present in the immediate post-
partum period [4]. Also, formulas that are high in calcium and
low in phosphate reduce the risk of hypocalcemia in these
infants [5]. Low birth weight, preterm delivery, and miscarriage
have also been associated with gestational PHPT, especially
when hypercalcemia is pronounced [6, 7]. More recent data has
shown that these complications are rare in the setting of mild
maternal hypercalcemia (total serum calcium <11 mg/dL) [8].

The diagnosis of gestational PHPT is based on elevated
serum calcium and PTH levels, just as in non-gestational
PHPT. However, calcium is not routinely measured during
pregnancy and gestational PHPT is often unrecognized [8].
Furthermore, several physiologic changes during pregnancy
including hypoalbuminemia, increased glomerular filtration,
transplacental transfer of calcium, and increased estrogen lev-
els lower maternal serum calcium levels and may mask under-
lying PHPT [9]. PTH secretion is also suppressed during
normal pregnancy due to increased intestinal calcium absorp-
tion and 1,25-dihydroxyvitamin D levels [10]. After biochemi-
cal confirmation, neck ultrasound is often utilized for
preoperative localization in pregnant patients rather than
nuclear or CT scans to eliminate risk to the fetus [7]. Thus,
there would be no role for repeat nuclear parathyroid scan in
this patient.

Management

The timing of parathyroid surgery in MENI1 patients with
hyperparathyroidism is not well defined. Therefore, the indica-
tions for surgery (symptomatic or marked hypercalcemia,
nephrolithiasis, osteoporosis, or renal insufficiency) used for
patients with sporadic hyperparathyroidism [3] are often
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applied to MENT1 patients. When surgery is elected, it should
consist of open bilateral neck exploration with cervical thymec-
tomy and subtotal parathyroidectomy (at least 3.5 glands
removed) or total parathyroidectomy with autologous trans-
plantation performed by an experienced endocrine surgeon (see
Chap. 9) [1].

In this case, management was altered by the patient’s preg-
nancy. While clear treatment guidelines for PHPT in pregnancy
are lacking, surgery is often performed to prevent the maternal
and fetal risks described above. If observation of PHPT during
pregnancy is considered, then adequate hydration combined with
measurement of serum calcium and regular biophysical profiles
of the fetus with ultrasound are recommended, with consider-
ation of parathyroidectomy postpartum [10]. If surgery is recom-
mended, then parathyroidectomy during the second trimester is
preferred because organogenesis is complete and the risk of
anesthesia-induced preterm delivery is lower than in the third
trimester [7, 11]. Surgery was opted for in this case rather than
continued monitoring of calcium, given her earlier serum cal-
cium during pregnancy of 11.4 mg/dL. The patient underwent
cervical exploration and excision of three enlarged parathyroid
glands with autotransplantation of the left inferior parathyroid
gland to the left anterior chest wall as a precaution. A fourth
parathyroid gland was not found. Intraoperative PTH decreased
from 58.8 to 14.5 pg/mL. Most pregnancies complicated by spo-
radic PHPT are due to a single parathyroid adenoma (89 %),
which is similar to what is seen in nongestational PHPT [12].

Outcome

Postoperative calcium normalized to 9.2 mg/dL. The patient had
no complications from the surgery, and she continued with regu-
lar obstetric cares.
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Clinical Pearls/Pitfalls

» Patients with MEN1 should have serum calcium and
PTH measured yearly to screen for PHPT because its
prevalence is 90 % in this population.

» PHPT during pregnancy is associated with several risks
to the mother (hyperemesis, nephrolithiasis, mental sta-
tus changes, muscle weakness, and rarely pancreatitis)
and fetus (neonatal hypoparathyroidism, hypocalce-
mia, tetany, low birth weight, preterm delivery, and
miscarriage), especially when maternal total serum cal-
cium is >11 mg/dL.

 If parathyroidectomy is opted for in a patient with ges-
tational hyperparathyroidism, it should be performed in
the second trimester.

* In gestational PHPT, neonates should have monitoring
of serum calcium with awareness that hypoparathy-
roidism may not be present in the immediate postpar-
tum period.
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Chapter 16

Primary Hyperparathyroidism:
Association with Coexistent
Secondary Causes of Hypercalcemia

Nicole M. Iiiguez-Ariza and Bart L. Clarke

Case Presentation

A 30-year-old female was referred for evaluation and manage-
ment of hypercalcemia, first discovered during a routine clinical
evaluation by her primary care physician. She was not taking
any medications, but took vitamin D3 1000 international units
once daily as a supplement. She did not take calcium supple-
mentation. Her serum calcium was within the normal range
2 years ago. Her only symptom was fatigue. Her family history
was unremarkable for hypercalcemia.
Her laboratory studies showed:

e Calcium 11.8 mg/dL (normal, 8.9-10.1 mg/dL)
e Phosphorus 3.0 mg/dL (normal, 2.5-4.5 mg/dL)
¢ Creatinine 0.8 mg/dL (normal, 0.6-1.1)
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 Parathyroid hormone (PTH) 60 pg/mL (normal, 15-65 pg/mL)
¢ Albumin 4.0 g/dL (normal, 3.5-5.0)

e 25-hydroxyvitamin D 18 ng/mL (optimal, 25-50)

¢ 24-h urine calcium 317 mg/dL (normal, 20-275)

X-rays of her kidneys, ureters, and bladder showed
nephrocalcinosis.

Her parathyroid sestamibi scan showed discordant uptake
localizing to her right inferior parathyroid gland, without uptake
elsewhere in her neck or chest.

Her age less than 50 years, serum calcium level greater than
11.0 mg/dL, evidence of kidney stones, and positive sestamibi
scan were felt to represent indications for parathyroid surgery.
She underwent elective right inferior parathyroidectomy. After
removal of her right inferior parathyroid adenoma, her PTH
value decreased by more than 50 % within 15 min of resection
of her adenoma. During the first several days after surgery, her
PTH unexpectedly continued to decrease to a nadir of 12 pg/
mL, while her phosphorus level increased to 4.4 mg/dL, and her
calcium level remained persistently increased at 10.7 mg/
dL. Her pathology review confirmed that a right inferior para-
thyroid adenoma weighing 320 mg had been removed.

Her serum 1,25-dihydroxyvitamin D level was found to be
increased after surgery. Her chest x ray was normal except for a
few hilar lymph nodes. She felt better after surgery in spite of
her persistently increased serum calcium level.

Assessment and Diagnosis

Persistent serum calcium elevation after successful parathyroid-
ectomy, with a decreased PTH level, should raise the suspicion
that a second cause of hypercalcemia is present. In this patient,
her serum 1,25-dihydroxyvitamin D was increased despite the
fact that her PTH level was decreased. Patients with primary
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hyperparathyroidism (PHPT) may have vitamin D deficiency,
with decreased levels of serum 25-hydroxyvitamin D, and as a
consequence, compensatory  increase in  serum
1,25-dihydroxyvitamin D due to PTH stimulation of renal
1-alpha-hydroxylase production of this form of vitamin
D. Surgical cure of PHPT should result in a normal serum
1,25-dihydroxyvitamin D because PTH levels are normal.

The differential diagnosis of hypercalcemia is determined by
the patient context. Outpatient hypercalcemia is most com-
monly caused by PHPT, whereas inpatient hypercalcemia is
most commonly caused by malignancy. During hospitalization,
supplementation with calcium, diets containing calcium, medi-
cations such as thiazide-type diuretics or lithium, immobiliza-
tion, or dehydration can increase serum calcium levels.

Sporadic parathyroid adenomas causing PHPT are not
usually diagnosed at her young age. The incidence of PHPT
increases with age, with an increased incidence in women
occurring between the ages of 50 and 60 years [1]. PHPT at her
age may be due to familial genetic causes, which are more com-
monly associated with multi-gland hyperplasia.

The fact that she is less than 50 years old should raise the pos-
sibility of familial forms of PHPT, which are more common in
younger patients, especially those less than 30 years of age.
Familial forms of PHPT could also explain the persistence of
hypercalcemia, since these forms may be associated with multi-
gland parathyroid hyperplasia that may be missed at initial sur-
gery. Thefactthatshehadnofamilyhistory of hyperparathyroidism,
and had no other apparent endocrine disease, and that her PTH
decreased significantly after surgery all argue against multi-
gland disease. These findings suggest that her persistent hyper-
calcemia was not mediated by PTH after surgery and therefore
less likely to be caused by a genetic mutation such as occurs in
multiple endocrine neoplasia (MEN) type 1 or 2A, familial-
isolated hyperparathyroidism, or hyperparathyroidism-jaw tumor
syndromes. Nevertheless, genetic causes of hyperparathyroidism
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should always be considered in younger patients.

In the differential diagnosis of PHPT, familial hypocalciuric
hypercalcemia (FHH) [2] is also a consideration. FHH is a rare
autosomal dominant disease caused by inactivating mutations in
the calcium-sensing receptor gene (CASR), leading to reduced
parathyroid and renal tubular cell sensitivity to extracellular
calcium, compensatory hyperparathyroidism, hypercalcemia,
and hypocalciuria. Given that the patient’s urine calcium was
increased before surgery and that she had normal serum calcium
documented several years earlier, it is highly unlikely that she
has FHH, since this is a life-long benign condition that leads to
hypercalcemia without complications, unlike what was
described in the case presented.

Another possibility is that she could have hypercalcemia of
malignancy, although the patient had no clinical evidence of
cancer. The major causes of hypercalcemia due to malignancy
[3] are humoral hypercalcemia of malignancy (HHM) in 80 %
and osteolytic lesions due to metastatic bone disease in 20 %.
Humoral hypercalcemia of malignancy involves secretion of an
endocrine factor, most commonly parathyroid hormone-related
peptide (PTHrP) overproduction by cancer cells.
1,25-dihydroxyvitamin D overproduction occurs in <1 %, while
overproduction of PTH by cancer cells has only been described
in case reports [4—11].

The most common cause of PTHrP-mediated hypercalcemia
is solid organ malignancy, as confirmed by a recently published
large case series. The diagnosis of PTHrP-mediated hypercalce-
mia portended a poor prognosis in this study, with the median
survival less than 2 months [12].

PTHrP was initially purified from human cancer cells in
1987 [13, 14]. The PTHrP gene encodes a 141-amino acid
protein that shares 60-70 % sequence homology with PTH
over the first 13 amino acids at the N-terminus [15]. Both
PTH and PTHrP bind to a common PTH/PTHrP1 receptor
(PTH/PTHrP1R) despite having structural differences [16,
17]. Hypercalcemia ensues only when PTHrP reaches a
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threshold concentration that surpasses the analogous actions of
PTH [3]. PTHrP has equivalent actions to PTH in regulating
bone resorption and renal calcium/phosphorus handling, via
activation of osteoclastic bone resorption through increased
osteoblast RANKL expression and via increased renal tubular
calcium reabsorption and inhibition of phosphate reabsorp-
tion. However, PTHrP does not stimulate renal 1a-hydroxylase
activity as much as PTH or increase serum 1,25-dihydroxyvit-
main D levels as much [3, 18]. The discordant effects of PTH
and PTHrP on 1,25-dihydroxyvitamin D production were
confirmed in human-controlled clinical trials evaluating the
effects of PTH (1-34) and PTHrP (1-36) infusions in healthy
adults [19].

The clinical case described demonstrated increased levels
of serum 1,25-dihydroxyvitamin D after surgery, which
would not be expected in HHM caused by PTHrP, making
HHM very unlikely. Asymptomatic skeletal metastasis would
also be unusual in this setting. The rare hypercalcemia of
malignancy caused by overproduction of 1,25-dihydroxyvita-
min D occurs in less than 1 % of cases [3, 20] and is usually
associated with hematologic malignancies such as Hodgkin or
non-Hodgkin lymphoma, since immune cells of the lympho-
cyte and macrophage lineage normally produce a small
amount of 1,25-dihydroxyvitamin D that acts as a local cyto-
kine [21, 22].

In a patient with known malignancy who has increased or
inappropriately normal PTH levels, it should be assumed that
the patient has coexisting PHPT. Ectopic overproduction of
PTH by tumor cells is highly unlikely, and patients with HHM
caused by PTHrP overproduction have high calcium with low
phosphorus levels as seen in PHPT, with PTH typically physi-
ologically suppressed due to increased serum calcium.

In a prospective study [23] of consecutive patients with a
first episode of hypercalcemia during an 18-month period,
plasma PTHrP levels were increased in 82 % of patients with
hypercalcemia due to malignancy. Hypercalcemia was attribut-
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able to parathyroid disease in 10 % of patients with malignancy.
Median survival for patients with PHPT and coexisting malig-
nancy was 13 months, compared to 3 months for those with
hypercalcemia due to malignancy alone.

It should not be assumed that every patient with cancer and
hypercalcemia must have a malignant etiology of their hypercal-
cemia. On the contrary, in a large series of cancer patients [24],
nonmalignant causes of hypercalcemia in cancer patients were a
frequent and neglected finding. Hypercalcemia was not due to
cancer in 97 % (84/87) of the patients who were in complete
remission from their cancer. Even in patients with active neo-
plastic disease, the number of patients whose hypercalcemia
was not due to cancer was clinically relevant (115/555=20.5 %).
In the 158 patients with PHPT, 92 patients were in complete
remission, and 66 patients had active neoplastic disease. PHPT
was the leading cause of non-cancer-related etiologies.

The most likely etiology of persistent hypercalcemia in the
clinical case is granulomatous disease (Table 16.1), causing
overproduction of 1,25-dihydroxyvitamin D by extra-renal
la-hyroxylase activity. Of the various granulomatous diseases
that can cause hypercalcemia, sarcoidosis, fungal disease, and
tuberculosis are the most common in the USA. Therefore the
next best step is to measure the angiotensin-converting enzyme
(ACE) level and appropriate fungal serologies and to perform
purified protein derivative (PPD) skin testing or Quantiferon
measurement.

The patient was found to have a mildly increased ACE level
of 60.9 units/L. (normal, 8-53), negative fungal serologies, and
negative PPD skin test. These findings were interpreted as sug-
gesting the patient had coexisting sarcoidosis with her
PHPT. ACE levels, although nonspecific, are useful in
conjunction with other diagnostic procedures such as broncho-
scopic needle biopsy, or biopsy of other accessible tissue such
as bone marrow, with pathology showing noncaseating granulo-
mas. The patient underwent bronchoscopic needle biopsy of one



143

16 Primary Hyperparathyroidism

SISB)SBIOW 7274 ‘AouruSIjeu Jo eIwad[ed1adAy [erowny pyHH ‘01l QUBRIRI[O QUIUIIBID

-wnioed Areurin yH, ‘erwddedradAy ounioedodAy errwej . ‘Qwoipuks owny mel-wsiproifyerediodAy 7r-1dH
‘wistproiAyjerediodAy pojejosi-erruey gy ‘ersejdoou ouroopua oydnmmw N7y ‘wsiproiAyierediadAy Arewnd jgHd

(onyrey
[euar) [dH Areniay,
(100> ¥DDN) HHA
dTHLd L-1LdH
[e30[ HIA
QWIOIpUAS ‘SQUTY03Ad (Ve
eqe-NIA (% 00 pue INAIN)
£3101%0) SISA[09)SO SQWOIPUAS
auriAydoay, ENEN (D g) [e20] NHI jo 1red
opnereduay, Ksoxdog /s1ow ouog  se eise[diadAy
V uIweira SIsoI[A10g AreSowony (% 1>) H1d Ie[npue[SnnN
QATSSQOXH S1s00Awo)seq BUWOJTA (% 1>) BUWIOUIDIRD
uonesIxojul sisowse[doist  PwWoIkooworyoodyq (HO)-ST‘1 proifyjereq
uonLynu ( UIWEBA  SISOOAUWIOPIOIPIOd0)) Kouaroynsur (% 08) BUIOUIPE
[exoyuaIeg sopIzeryJ, s1so[noraqny, [euaIpy dIH1d proifyjereq
uonezijqouruy wnipry SISOpLodIeS SISOOTX010IAT, WHH LdHd
SNOJUB[[IISTIA SUONEDIPIIN IsBISIp sasned KoueuSIeIN $S90X9 H1d
SNOJRWO[NUEIL) QULIOOPUd H.IJ-UON

SIsouSeIp [eNuIIq

erwadreoIadAy jo sesne) 9T d[qBL



144 N.M. Iiiiguez-Ariza and B.L. Clarke

of her mediastinal lymph nodes, with her pathology report not-
ing noncaseating granulomas, consistent with sarcoidosis.

A large health maintenance organization-based study esti-
mated the annual incidence of sarcoidosis in Caucasians at 9.6
per 100,000 person-years and in African Americans at 35.5 per
100,000 person-years [25]. A Rochester Epidemiology Project
population-based study in Rochester, Minnesota, estimated the
annual incidence of sarcoidosis at 6.1 per 100,000 person-years
[26]. Another Rochester Epidemiology Project population-
based study indicated that the annual incidence of PHPT ranged
between 15.8 and 129 per 100,000 person-years over 30 years,
depending on the year incidence was assessed [1].

Patients may be suspected of having two coexisting causes of
hypercalcemia, with PHPT often being the easier of the two to
recognize. The first cases of coexisting PHPT and sarcoidosis were
reported in 1958 [27]. Since then there have been mostly case
reports or small case series of these coexisting disorders [28-30].
Evaluation of a recent large cohort of 50 patients with coexisting
PHPT and sarcoidosis reported from the Mayo Clinic in Rochester,
Minnesota [31], showed that patients with PHPT who had active
sarcoidosis had higher serum ACE levels (60.9+38.1 vs. 20.2+14.0
units/L, P-value <0.0001), lower PTH levels (60+24 vs. 96 +41 pg/
mL, P-value 0.01), and lower phosphorus levels (2.7+0.6 vs.
3.2+0.5 mg/dL, P-value 0.02) than patients with PHPT alone.
Reports of coexisting PHPT and secondary causes of hypercalce-
mia other than malignancy are less common.

Management

Recognition of the additional diagnosis of coexisting sarcoidosis,
which was made evident after parathyroidectomy, led to treat-
ment of the patient with prednisone 20 mg each day for 1 month,
with rapid normalization of her serum calcium and a trend
toward normalization of her serum phosphorus during her first
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week of treatment. Her prednisone was gradually tapered over
the next 4 months, with persistently normal serum calcium.

Outcome

The patient was followed every 6 months for the next 5 years with-
out recurrence of either her PHPT or sarcoidosis. Other patients
may develop recurrence of either or both disorders in time.

Clinical Pearls/Pitfalls

* Age, gender, and magnitude of hypercalcemia should
be considered, as well as variation in serum PTH, cal-
cium, phosphorus, and 1,25-dihydroxyvitamin D levels
and patient context, when assessing possible etiologies
of hypercalcemia.

e When coexisting causes of hypercalcemia are sus-
pected or known to be present, classical findings of
PHPT should not be expected.

*  When faced with the possibility of coexisting causes of
hypercalcemia, the clinical approach should be tailored
to the patient after analyzing all available laboratory
and imaging data.

» Patients presenting with hypercalcemia may have sev-
eral causes contributing to their hypercalcemia.
Dehydration, renal insufficiency, or vitamin D or A
excess, in addition to increased PTH or granulomatous
overproduction of 1,25-dihydroxyvitamin D, may all
contribute to hypercalcemia in the same patient. The
challenge for the clinician is to tease out the major
cause or causes of hypercalcemia.

» Consideration of the complete differential diagnosis of
hypercalcemia in each case is important since different
causes of increased serum calcium levels are treated in
distinctive ways.
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Chapter 17

Medication Considerations
in Hypercalcemia

and Hyperparathyroidism

Robert A. Wermers and Marcio L. Griebeler

Case Presentation

An 82-year-old female is referred for evaluation of hypercalce-
mia, with a serum calcium of 11.7 mg/dL (nl, 8.9—-10.1) that was
identified on lab work 1 month prior after she complained of
increasing fatigue over the last 2 months. Subsequent laboratory
testing identified the following: serum calcium — 10.8 mg/dL
and phosphorus — 3.7 mg/dL (nl, 2.5-4.5) with at concomitant
PTH of 48 pg/mL (nl, 15-50). Previous calcium measurements
were noted to be normal, but more recently when checked, were
high normal. Further laboratory studies that were done and nor-
mal included TSH, complete blood count, serum protein elec-
trophoresis, serum creatinine, and 25-hydroxyvitamin D. Her
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medications of note included one calcium carbonate daily
(600 mg elemental calcium per tablet), one multivitamin per
day, and hydrochlorothiazide 25 mg one daily for hypertension.
Her estimated daily dietary calcium intake was 600 mg per day.
She denied a history of external beam radiation treatments to her
head or neck, and there was no family history of primary hyper-
parathyroidism (PHPT) or hypercalcemia, familial endocrine
syndromes, or hip fractures.

She denied a history of nephrolithiasis or fragility fractures.
Her dual-energy X-ray absorptiometry (DXA) bone mineral
density (BMD) revealed a non-dominant left one-third radius
T-score of — 0.5, worst femur neck T-score of — 2.0, and lumbar
spine T-score of — 1.0. The hip and spine had declined 6.2 % and
4.7 %, respectively, both greater than the least significant
change, from the previous measure done approximately 6.5 years
previously. Her physical examination revealed a height of
157.6 cm, weight of 85.1 kg, and blood pressure of 136/64 but
was otherwise unremarkable.

Assessment and Diagnosis

The patient’s lab work is consistent with primary hyperparathy-
roidism (PHPT). However, thiazide diuretics can also be associ-
ated with hypercalcemia [1]. Increased renal tubular reabsorption
of calcium resulting in reduced urine calcium excretion is the
most likely explanation for hypercalcemia associated with thia-
zide diuretics [2-4]. A mean increase of 0.8 mg/dL in albumin-
adjusted serum calcium level is seen with thiazide use. Serum
calcium concentrations are increased independently of PTH [5].
However, the increase in renal tubular calcium resorption and
serum calcium is no longer observed after 2 years of therapy [6].
Upon review of the patient’s medical record, she had been on
hydrochlorothiazide for more than 10 years, making it unlikely
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that thiazide use was the primary cause of her hypercalcemia. It
is estimated that approximately two-thirds of patients with
thiazide-associated hypercalcemia have underlying PHPT, based
on the persistence of hypercalcemia after discontinuation of the
thiazide [1]. Additional factors favoring PHPT in thiazide-
associated hypercalcemia include higher serum calcium and
PTH levels at diagnosis [1].

Several other medications have effects on PTH and serum
calcium that should be considered when evaluating patients with
PHPT. In women with PHPT, estrogen and raloxifene lower
serum total calcium, but PTH levels do not change significantly
[7, 8]. PTH secretion can also be modified by calcium [9] and
vitamin D supplements [10] in PHPT subjects. Lithium has been
associated with hypercalcemia as well as parathyroid hyperpla-
sia and adenomas [11].

There are a number of other commonly used medications that
can influence PTH and calcium measurements in patients with-
out PHPT. Aromatase inhibitors such as letrozole have been
associated with a reduction in PTH in postmenopausal women
likely related to efflux of calcium from the skeleton with lower
estrogen levels [12]. On the other hand, there is a trend toward
an increase in PTH with estrogen treatment in postmenopausal
women without PHPT likely related to a reduction in skeletal
calcium release [13, 14]. Similarly, antiresorptive osteoporosis
therapies such as denosumab [15] and potent bisphosphonates
[16—-18] can also be associated with an increase in PTH and
reductions in serum calcium levels. Teriparatide, rhPTH (1-34),
can lead to mild elevations of serum calcium in osteoporotic
subjects, but are generally not clinically meaningful [19]. In
addition, the timing of the serum calcium measurement after the
teriparatide is critical, such that measures done >16 h post-dose
are unlikely to be elevated [19, 20]. Several antihypertensive
agents have effects on PTH secretion without significant effects
on serum calcium including loop diuretics and calcium channel
blockers which have been associated with an increased PTH
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[21, 22], whereas renin-angiotensin-aldosterone system inhibi-
tors have been associated with a lower PTH [22]. Finally, anti-
retroviral therapy for HIV-1 infection which includes tenofovir
disoproxil fumarate (TDF) is also associated with increased
PTH and excess bone loss [23].

Management

The patient followed-up 3 months after discontinuation of
hydrochlorothiazide and her serum calcium and phosphorus
were 11 mg/dL and 3.6 mg/dL, respectively, with a PTH of
70 pg/mL, consistent with PHPT. Long-term discontinuation of
hydrochlorothiazide may not be necessary in patients with thiazide-
associated hypercalcemia since serious sequelae related to hyper-
calcemia in these patients despite continued use are rare [1].
However, she remained off of hydrochlorothiazide and opted to
observe after a discussion about the risks and benefits of para-
thyroid surgery. She did have a 10-year probability of major
osteoporotic and hip fracture risk, as calculated by WHO
Fracture Risk Assessment Tool (FRAX®), of 15 % and 4 %,
respectively. Hence, after a discussion of risks and benefits of
alendronate therapy, she decided to initiate treatment. She was
advised to continue her current calcium intake and avoid falls.

Outcome

The patient remained clinically stable over years of follow-up.
Her maximum serum calcium level, 5 years after her initial
elevation, was 11.2 mg/dL. However, she had intermittently
high normal calcium measurements as well. Her last measured
serum calcium was 10.1 mg/dL at 7 years after her diagnosis of
PHPT. Her PTH was periodically measured and was generally
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1.5-fold elevated. Her primary provider discontinued alendro-
nate after 6.5 years of treatment. The patient fell, suffered an
acetabular fracture, and died shortly thereafter at 90 years of

age, 8 years after her diagnosis of PHPT.

Clinical Pearls/Pitfalls

Conflict of Interest All authors state that they have no conflicts of

Approximately two-third patients with thiazide-associ-
ated hypercalcemia have underlying PHPT.

After 2 years of thiazide use, the increase in renal tubu-
lar calcium resorption and serum calcium is no longer
observed.

Many commonly used medications can influence the
calcium and PTH measurement in patients with PHPT,
including estrogen, raloxifene, calcium, and vitamin D.
A number of other commonly used medications can
influence PTH and calcium measurements in patients
without PHPT including numerous antihypertensive
agents, aromatase inhibitors, estrogen, tenofovir, and
several osteoporosis therapies.

In patients with PHPT and increased fracture risk, who
opt for observation rather than parathyroidectomy, con-
sider treatment with bisphosphonates.
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Chapter 18
Normocalcemic Primary
Hyperparathyroidism

Jad G. Sfeir and Matthew T. Drake

Case Presentation

A 54-year-old female with a prior history notable only for two
episodes of nephrolithiasis which had occurred 8 years previ-
ously was referred by her primary care provider who noted that
the patient had an elevated parathyroid hormone (PTH) level.
On evaluation, the patient denied any current neurologic or gas-
trointestinal complaints and was otherwise healthy. She was not
taking any regular calcium supplements but did take ergocalcif-
erol 50,000 IU once monthly. Her biochemical testing
(Table 18.1) revealed normal serum calcium and elevated
PTH. Dual-energy X-ray absorptiometry obtained 3 months
previously had revealed normal bone mineral density.
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Table 18.1 Patient’s laboratory data at time of presentation and when
assessed 3 months previously

3 months  Current

Analyte previously presentation Reference range
Calcium 9.5 9.6 8.9-10.1 mg/dL
Phosphorus 1.9 2.0 2.5-4.5 mg/dL
Creatinine 0.5 0.7 0.6-1.1 mg/dL
Parathyroid hormone 103.5 81.2 15-65 pg/mL
25-hydroxyvitamin D 21 25.3 20-50 ng/mL
1,25-dihydroxyvitamin D - 71 18-78 pg/mL
TSH 0.97 - 0.3-4.2 mIU/L
24-h urinary calcium 280 390 25-300 mg/24 h
24-h urinary phosphorus  — 1347 mg <1100 mg/24 h

PTH parathyroid hormone, TSH thyroid-stimulating hormone

Review of her records indicated a highest calcium level
(10.5 mg/dL) approximately 6 months prior to the current evalu-
ation, when she had been taking up to ten tablets of calcium
carbonate per day (1000 mg) for self-management of heartburn
and reflux. This had been stopped due to the elevated calcium
value, and she has not been maintained on any calcium supple-
mentation since that time.

Assessment and Diagnosis

Primary hyperparathyroidism (PHPT) has been well recognized
as a very common endocrine disorder with well-characterized
diagnostic and prognostic features since the early 1970s when
serum metabolic panels were introduced for routine screening
that could detect hypercalcemia in otherwise asymptomatic
patients. Over the past two decades, normocalcemic primary
hyperparathyroidism (NPHPT) has been identified as a new
subset of this disease in what Silverberg and Bilezikian referred
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to as a “forme fruste” of PHPT, identified primarily in patients
referred for evaluation of low bone mass or less commonly
nephrolithiasis [1].

NPHPT is defined by elevated PTH levels that occur concomi-
tant with normal albumin-corrected serum calcium levels, after
exclusion of secondary hyperparathyroidism [2] as an etiology. In
contrast to PHPT patients in whom normal calcium levels may
occur intermittently, patients with NPHPT are consistently nor-
mocalcemic on repeated evaluations. As discussed below, some
patients may progress to overt hypercalcemia; such patients
would then be considered to have progressed to PHPT [3].

NPHPT should be first suspected in patients having an ele-
vated PTH level with consistently normal albumin-corrected
serum calcium levels. However, several nuances to these diag-
nostic features are to be noted.

First, several sources suggest ensuring normal ionized cal-
cium as well [4, 5]. Up to 10 % of patients with PHPT can have
normal total serum calcium and elevated ionized calcium levels [6].
Obtaining ionized calcium levels, however, can be labor inten-
sive and may not be readily available in the outpatient setting.
Correcting for hypoalbuminemia eliminates the major differ-
ence that may occur between total serum calcium and ionized
calcium.

Second, exclusion of secondary causes of hyperparathyroid-
ism is essential to the diagnosis of NPHPT. The most important
secondary causes are listed in Table 18.2.

Most notably, serum 25-hydroxyvitamin D levels below
30 ng/mL may cause increased PTH levels. Whereas some
authors have used a cut point of 20 ng/mL to exclude hypovita-
minosis D as a driving force for increased PTH levels, other
authors have demonstrated that 25-hydroxyvitamin D levels
between 20 and 30 may affect PTH levels [7, 8]. Furthermore,
PTH levels have been shown to begin to rise when GFR falls
below 60 mL/min and continue to increase as kidney function
worsens [9, 10]. Several medications have also been associated
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Table 18.2 Causes of Causes of secondary

secondary hyperparathyroidism
hyperparathyroidism

Hypovitaminosis D

Decreased glomerular filtration rate
Thyroid disease

Hypercalciuria

Malabsorptive diseases (e.g., celiac
disease)

Liver and pancreatic diseases
Other bone diseases (e.g., Paget’s
disease of bone)

Medications (e.g., thiazide
diuretics, lithium, etc.)

with elevated PTH levels, most notably thiazide diuretics and
lithium, but also estrogens, bisphosphonates, denosumab, and
anticonvulsants [4].

Initial observations of NPHPT were based on populations
referred to metabolic bone clinics for the evaluation of low
bone mass and therefore tended to overestimate disease preva-
lence. Several attempts have been made to evaluate the preva-
lence of NPHPT in population-based cohorts. Reproducibility
and generalizability of these numbers, however, appear to be
limited as studies have tended to differ in gender distribution,
geographic location, and efforts to exclude cases of secondary
hyperparathyroidism.

In a survey of 5202 postmenopausal women in Sweden
between the ages of 55 and 75, an estimated 0.5 % had elevated
PTH levels with normal serum calcium values. Although this
cohort did not exclude secondary etiologies of hyperparathy-
roidism, most cases of NPHPT were confirmed by surgical
pathology [11].

Based on the NHANES data, Misra et al. found that 1 % of
men and women aged greater than 45 years had PTH levels of
65 pg/mL or higher in addition to normal albumin-corrected
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serum calcium values. Notably, these authors excluded sub-
jects with GFR <60 mL/min and 25-hydroxyvitamin D levels
<30 ng/dL [12].

In a separate study, 6 of 100 postmenopausal women sur-
veyed in Spain had NPHPT after excluding renal disease, vita-
min D insufficiency (<30 pg/dL), and malnutrition [13].

In the Osteoporotic Fractures in Men (MrOS) population of
men aged 65 years or older, the prevalence of NPHPT was
0.4 %. Separately, the Dallas Heart Study of men and women
aged 18-65 years determined an initial prevalence of NPHPT of
3.1 %, a prevalence which decreased to 0.6 % after 8 years of
follow-up, with some subjects having normalization of PTH
levels, while others had progression to overt hypercalcemia [2].

The highest prevalence reported to date is 16.7 % as determined
in the Canadian Multicentre Osteoporosis Study (CaMos) [14].
Of note, however, that study did not exclude patients with sec-
ondary hyperparathyroidism and used a lower limit of
25-hydroxyvitamin D levels of 20 ng/dL. Most recently, a sur-
vey of residents from a small village in Southern Italy found that
0.44 % of participants had NPHPT [15].

Gender predominance is also difficult to assess, as most cohorts
studied to date have been gender specific. There does seem, how-
ever, to be a preponderance of NPHPT in the female gender [3, 16].

The histopathology of NPHPT follows other subgroups of
PHPT: surgical resection has identified that most cases represent
a single adenoma (80 %) followed by multiglandular hyperpla-
sia (20 %) [11, 17]. A single case of carcinoma has been
reported to date [18].

As noted previously, most studies that have evaluated sub-
jects with NPHPT have included primarily referral populations,
with most patients having symptoms related to their metabolic
disease. Most notably, 25-57 % of subjects have osteoporosis
on initial evaluation (either by bone mineral density (BMD)
criteria or due to a history of fragility fractures), with 9-25 %
having a history of nephrolithiasis [16, 17, 19-22].
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In contrast to patients with asymptomatic mild PHPT in whom
cortical bone loss occurs preferentially, osteoporosis in patients
with NPHPT appears to be more common at the lumbar spine
(34-66 %) and hip (3847 %), with comparatively preserved
bone mineral density at the distal one-third radius [16, 19, 23].

In a New York population-based cohort, up to 40 % of
patients with NPHPT developed clinical features of PHPT
including hypercalcemia, hypercalciuria, and/or significant
bone loss during a median 3-year follow-up period [19, 22].
Patients who developed hypercalcemia on follow-up tended to
be older and were more likely to have higher baseline values for
serum calcium and urinary calcium [2, 19]. Such observations
suggest the presence of an asymptomatic form of NPHPT that
may only be identified in population-based screening. This is
consistent with the dual-phase hypothesis proposed by Rao
et al. in 1988 which suggested that the first biochemical abnor-
mality of PHPT may be an elevated PTH level which is consid-
ered subclinical in the setting of a normal serum calcium value
[24], a concept recently supported by Cusano et al. [2].
Hyperparathyroidism would thus be viewed as a spectrum that
encompasses both normocalcemia and hypercalcemia and in
parallel with, but not necessarily linked to, silent and symptom-
atic disease.

Several studies have evaluated cardiovascular disease and
mortality in patients with hyperparathyroidism. In a number of
these studies, PTH levels have been independently associated
with increased incidence of cardiovascular disease irrespective
of calcium levels. Indeed both hypercalcemic and normocalce-
mic subjects with elevated PTH levels had a higher prevalence
of hypertension, with significantly elevated systolic and dia-
stolic pressure measurements, when compared to subjects with
normal PTH levels [25-27]. Other studies also found that in
addition to hypertension, both hyperlipidemia and impaired
fasting glucose are more prevalent in patients with hyperpara-
thyroidism [28], along with an increased risk of death from
cardiovascular causes [29].
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Management

Recently, the Fourth International Workshop on the Management
of Asymptomatic Primary Hyperparathyroidism identified the
lack of substantial data permitting characterization of asymp-
tomatic PHPT and its clinical and social impacts [30]. While
NPHPT seems to have somewhat different clinical features than
asymptomatic PHPT, both appear to represent a spectrum of the
same disease. In the current absence of good evidence, manage-
ment recommendations for asymptomatic PHPT may not be
applicable to patients with NPHPT. Rather, an individualized
approach to management is recommended.

Finally, the available literature that has examined changes in
BMD after parathyroidectomy in patients with NPHPT demon-
strated that 47 % of patients who underwent parathyroidectomy
had preferential gains at the spine and hip as compared to the
distal radius. A higher alkaline phosphatase activity presurgery
was the best predictor of BMD improvement [23].

The aforementioned biochemical profile of the patient
revealed mild hypercalciuria. Since idiopathic hypercalciuria
could lead to secondary hyperparathyroidism, we elected to
obtain a parathyroid scan looking for autonomous parathyroid
function. The patient thus underwent ***Tc-sestamibi scintigra-
phy which demonstrated a discordant focus of activity posterior
to the mid- to lower right thyroid lobe in the tracheoesophageal
groove. This was consistent with a parathyroid adenoma.

Outcome

The presence of a parathyroid adenoma confirmed the pre-
sumed diagnosis of NPHPT. Given that the patient had a his-
tory of recurrent symptomatic nephrolithiasis and was at
increased risk of recurrent nephrolithiasis given both hypercal-
ciuria and hyperphosphaturia, she elected to proceed with
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surgical management due to her relatively young age and oth-
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erwise preserved general health.

Minimally invasive parathyroidectomy was performed with
intraoperative serial PTH measurements (67.6 pg/mL at baseline
and 26.8 pg/mL at 20 min). Pathology confirmed a 520-mg right
superior parathyroid adenoma. Postoperative biochemical stud-
ies demonstrated serum calcium of 9.3 mg/dL, phosphorus of
3.8 mg/dL, and PTH of 30 pg/mL. When assessed 2 years post-

operatively, the patient had not had recurrent nephrolithiasis.

Clinical Pearls/Pitfalls
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Chapter 19
Secondary Hyperparathyroidism

Nishanth Vallumsetla, Manpreet S. Mundi,
and Kurt A. Kennel

Case Presentation

A 46-year-old woman was referred for evaluation of low bone
mineral density (BMD) detected during evaluation for surgical
management of lumbar radiculopathy. She had never experienced
a fracture and routine lumbar and thoracic spine films showed no
vertebral deformities. Other than radicular pain in her right lower
extremity treated with gabapentin, she felt well and was without
complaint on review of systems. Her prior medical history was
notable for depression treated with fluoxetine, Roux-en-Y gastric
bypass for the treatment of obesity 6 years prior, and amenorrhea
following endometrial ablation. To date she had not experienced
menopausal symptoms. In the past year, she denies use of other
prescription or over-the-counter medications or supplements. She
had never smoked and abstains from consuming alcohol. She had
limited knowledge of her family’s medical history.
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An evaluation for secondary causes of low BMD included
laboratory assessment which revealed serum calcium 9.0 mg/dL
(nl, 8.9-10.1), phosphorus 2.5 mg/dL (nl, 2.5-4.5), albumin
4.4 g/dL (nl, 3.5-5.0), serum creatinine 0.8 mg/dL (nl, 0.6-1.0),
25-OH vitamin D 35 ng/mL (nl, 20-50), and total alkaline phos-
phatase 111 U/L (nl, 39-100) with otherwise normal liver func-
tion tests. Follicle-stimulating hormone was within the
premenopausal reference range. In part due to her surgeon’s
request for consideration of preoperative teriparatide (rPTH
1-34) therapy, serum parathyroid hormone (PTH) was mea-
sured and retuned elevated at 194 pg/mL (nl, 15-65).

Assessment and Diagnosis

An elevation in PTH in the presence of hypercalcemia indi-
cates PTH-mediated hypercalcemia [1]. In contrast, several
mechanisms and diagnoses must be entertained when PTH
elevations are associated with normal serum calcium concen-
trations. Even so, initially characterizing the elevation of PTH
as secondary rather than primary is important as a working
diagnosis of secondary hyperparathyroidism (SHP) simultane-
ously leads to a search for causes and options for treatment
that have the potential to normalize PTH. Misdiagnosis of
primary hyperparathyroidism may lead to misleading localiza-
tion studies and unnecessary surgery [2]. Given disorders lead-
ing to secondary hyperparathyroidism often have broad
implications for health, pursuing the cause(s) of SHP aims to
accomplish more for the patient than just normalizing
PTH. Occasionally, but always subsequent to a vigorous evalu-
ation for secondary causes of hyperparathyroidism, normocal-
cemic primary hyperparathyroidism may be added to the
differential diagnosis (see Chap. 18) [3]. The mechanism of
disorders of calcium or phosphorus homeostasis leading to
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secondary hyperparathyroidism can be loosely divided as fol-
lows: inadequate nutrition, malabsorption, altered excretion,
altered mobilization, and impaired PTH action.

Extracellular ionized calcium (iCa) is tightly regulated by
PTH in response to signaling through the calcium sensing
receptor (CaSR) on the parathyroid glands. A decline in iCa
below an individual’s set point triggers release of PTH, which
has a three-pronged action to restore calcium levels. Most
immediate is increased reabsorption of calcium from the glo-
merular filtrate. If relative hypocalcemia persists, PTH acti-
vates enzymatic conversion of 25-hydroxyvitamin D to
1,25-dihydroxyvitamin D (calcitriol) in the kidneys. Calcitriol
in turn augments calcium uptake from the gut through increased
active transport across the small intestinal mucosa. If necessary
to address a continuing calcium deficit, PTH mobilizes calcium
from the skeleton released through activation of osteoclastic
bone resorption via its effects on RANK ligand (RANKL) and
osteoprotegerin [4].

Given obligatory losses of calcium through sweat, urine, and
feces, calcium balance requires a sufficient daily dietary intake.
The recommended daily allowance (RDA) of calcium is calcu-
lated based on obligatory daily losses of calcium and an esti-
mated rate of absorption of calcium from diet. For PTH to
indirectly improve calcium absorption, sufficient vitamin D as a
substrate for calcitriol production is essential. The RDA of vita-
min D for the prevention of overt skeletal disease is 600-800 IU
depending in part on age [5]. A survey of foods consumed by
this patient made evident that her intake of dairy, other calcium-
rich foods, and foods providing vitamin D were well below
suggested intakes. Although micronutrient supplementation has
the potential to bridge the gap in those whose diets are insuffi-
cient, this patient reported poor adherence to the micronutrient
supplementation she had previously been recommended to con-
sume. Cutaneous production of vitamin D in response to sun-
light exposure is highly variable yet can be the dominant source
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of vitamin D in many individuals [6]. That her 25 hydroxyvita-
min D concentration was normal attests to the effectiveness of
passive sun exposure during the summer when she presented.

The majority of calcium absorption occurs by passive para-
cellular absorption [7]. Although vitamin D-dependent absorp-
tion is important especially when dietary calcium intake is low,
vitamin D sufficiency does not exclude calcium malabsorption
as a cause for secondary hyperparathyroidism. In malabsorption
syndromes (celiac disease, Crohn’s disease, cholestatic liver
disease, bariatric surgery, short bowel, etc.), poor absorption or
decreased intestinal length may compromise the availability of
dietary-derived vitamin D and calcium leading to negative cal-
cium balance and PTH release. This patient had undergone
bariatric surgery which commonly is associated with secondary
hyperparathyroidism [8—11]. In addition to restricting the
breadth of her diet and quantity of nutrients consumed, a gastric
bypass reduces the fractional absorption of calcium [12, 13],
thus compounding her dietary deficit.

Assessing renal excretion of calcium provides indirect evi-
dence of insufficiency of dietary calcium intake, calcium
malabsorption, and/or vitamin D deficiency leading to SHP. The
majority of calcium reabsorption from the glomerular filtrate
occurs in the proximal tubule independent of PTH [14]. Still, a
considerable amount of calcium reabsorption is controlled at the
cortical thick ascending limb of loop of Henle (via PTH and
independent function of CaSR) and the distal convoluted tubule
(via PTH) [15, 16]. Although the reference range for urinary
excretion of calcium in normal adults is wide, ranging between
40 and 250 mg per 24 h period, values less than 100 mg in the
setting of vitamin D sufficiency raise suspicion for insufficiency
of dietary calcium intake or calcium malabsorption especially
when accompanied by PTH elevation. Consistent with her
dietary and surgical history, this patient’s 24 h urine calcium
was 54 mg per spec on a complete collection as confirmed by
creatinine measurement.
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Hyperphosphatemia largely occurs in the context of kidney
disease. In the absence of advanced chronic kidney disease, the
need to measure serum phosphorus may be overlooked when
evaluating elevated PTH. Phosphate can bind to iCa leading to
increased production of PTH. Hyperphosphatemia also causes
increased production of FGF23 which inhibits conversion of
vitamin D to calcitriol [17]. Serum phosphorus also has direct
stimulatory effects on PTH production [18]. Transient and
severe hyperphosphatemia can occur due to oral supplements or
enemas, massive tissue injury, or tumor lysis. Chronic hyper-
phosphatemia which commonly occurs in chronic kidney dis-
ease, in conjunction with decreased activation of vitamin D to
calcitriol, is a common cause of SHP and parathyroid hyperpla-
sia [17]. In cases of unexplained secondary hyperparathyroid-
ism, if the degree to which renal function (typically GFR
<50 mL/min) and 1-alpha hydroxylase activity are impaired is
unclear, measurement of 1,25-dihydroxyvitamin D concentra-
tion may be considered. This patient had normal renal function
as evidenced by a normal serum creatinine concentration. Her
serum phosphorus concentration was at the lower end of the
reference range consistent with the phosphaturic effects of PTH
at the proximal tubule [19].

If a calcium deficit is chronic, leading to chronic PTH-
mediated bone resorption, biochemical markers of bone turn-
over may rise within the reference range or be frankly elevated.
The development of osteomalacia may be evident by fracture,
bone pain, overt hypocalcemia, and/or hypophosphatemia yet
takes years of persistent calcium and/or phosphorus deficits to
occur. In this patient, total serum alkaline phosphatase was
elevated without other evidence of liver disease. Subsequent
direct measurement of bone specific alkaline phosphatase was
23 mcg/L (nl, <14 in premenopausal women). Although
unproven without histologic examination of bone tissue, this
patient’s low BMD may reflect bone demineralization. In such
settings, treatment of underlying conditions, restoration of
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normal calcium and phosphorus homeostasis, and resolution
of secondary hyperparathyroidism can result in significant
improvement in BMD [20]. As such, pharmacotherapy to
increase BMD should initially be deferred.

Although undesirable, mobilization of the skeletal mineral is a
necessary component of the compensatory effect of PTH to mini-
mize the decline in serum calcium concentrations. Antiresorptive
therapy in this setting will markedly attenuate the efflux of calcium
and may precipitate overt and symptomatic hypocalcemia [21].
Even in patients with normal calcium homeostasis, potent antire-
sorptive therapy for metabolic bone disease (e.g., osteoporosis) or
cancer causes a transient decline in serum iCa and rise in PTH for
several weeks [22]. Patients with high bone turnover (thus
increased flux of calcium into and out of bone) due to other meta-
bolic bone disease (e.g., Paget’s disease) may also display a rise
in PTH with potent antiresorptive therapy [23, 24].

When factors related to nutrition, absorption, mobilization,
and excretion of calcium, phosphorus, and vitamin D are
excluded, disorders of impaired PTH action should be consid-
ered. Magnesium (Mg) depletion may occur in conjunction with
calcium malabsorption. Although chronic hypomagnesemia,
such as that associated with proton pump inhibitor therapy, is
most often associated with functional hypoparathyroidism,
acute hypomagnesemia can cause functional PTH resistance
[25]. Heritable PTH resistance syndromes such as pseudohypo-
parathyroidism may be suspected based on physical features,
other hormonal resistance, or timing of onset.

Management

Aided by a registered dietitian nutritionist, the patient
increased her dietary intake of low-fat dairy products.
Concurrently she reinstituted routine postgastric bypass
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micronutrient supplementation daily multivitamin with min-
erals, monthly cyanocobalamin injection, and two calcium citrate
315 mg tablets with her midday and evening meal [26, 27].
She was given a goal of 1600-2000 mg total calcium intake per
day. After discussion with the patient and her surgeon, surgery
was deferred so long as her radiculopathy was not evolving to
include muscle weakness or related functional impairment.

Outcome

Reassessment 3 months later showed serum calcium 9.4 mg/dL
(nl, 8.9-10.1), phosphorus 3.2 mg/dL (nl, 2.5-4.5), PTH 33 pg/
mL (nl, 15-65), total alkaline phosphatase 89 U/L (nl, 39-100),
and 24 h urine calcium 124 mg per spec (desired postgastric
bypass in our practice >100 mg). She then underwent laminec-
tomy and L4-L5 fusion with an uneventful recovery. As she was
premenopausal, had not experienced fragility fractures, and may
see an improvement in her BMD with correction of her nutri-
tional deficiency, pharmacotherapy to improve bone strength was
deferred. She was recommended to have repeat BMD assessment
in 1 year and/or at the onset of symptoms of menopause.

Clinical Pearls/Pitfalls

* In patients with normal serum calcium and phosphorus,
a vigorous assessment for potential causes for physio-
logic (i.e., secondary) PTH elevations is essential
before considering disorders characterized by autono-
mous production of PTH.

* Avoid performing localization studies as a primary step
in evaluating elevations in PTH that may not be due to
primary hyperparathyroidism.
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* SHP in the presence of normal serum calcium, serum
phosphorus, vitamin D stores, and renal function may
represent compensation (i.e., the serum calcium is main-
tained in the reference range) for primary calcium insuf-
ficiency or malabsorption.

* When suspected, assessing renal excretion of calcium
can provide indirect evidence of insufficiency of dietary
calcium intake or calcium malabsorption leading to
SHP.

* Treatment of factors suspected of causing SHP is both
diagnostic and therapeutic.

* Longstanding SHP leading to parathyroid hyperplasia
may take longer to resolve.
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Chapter 20
Tertiary Hyperparathyroidism

Kurt A. Kennel and Bart L. Clarke

Case Presentation

A 47-year-old female initially presented at age 13 with intermit-
tent paresthesias and tetany associated with hypocalcemia
(5.5 mg/dL, normal, 9.5-10.4), hyperphosphatemia (8.4 mg/dL,
normal, 4.0-5.2), increased parathyroid hormone (PTH)
(8.5 pmol/L, normal, 1.0-5.2), and mild osteitis fibrosa on bone
biopsy. She had no features of Albright’s hereditary osteodys-
trophy or family history of hypocalcemia. She was treated with
calcium and vitamin D supplementation and her symptoms
resolved. Repeat bone biopsy showed healed osteitis fibrosa.
Subsequently, her urine cyclic AMP (cAMP) was found unre-
sponsive to exogenous PTH, and she was diagnosed with pseu-
dohypoparathyroidism (PHP) type Ib. During the ensuing years,
she reported intermittent paresthesias associated with mild
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hypocalcemia on supplemental elemental calcium of 1800 mg,
1,25-dihydroxyvitamin D (calcitriol) 0.25 mcg, and hydrochlo-
rothiazide 25 mg each day.

In the year prior to her current presentation, her serum PTH
concentrations increased dramatically above her baseline level,
and her serum calcium became mildly elevated despite lack of
changes in her medications and diet or due to other medical
conditions. At her initial evaluation, she was asymptomatic and
had in fact not experienced paresthesias for quite some time.
Her overall health was excellent, with no history of fractures or
kidney stones. Other than relatively short stature (155 cm), her
physical examination was unremarkable, including a normal
thyroid examination. Her initial laboratory assessment included
serum calcium 10.2 mg/dL (normal, 8.9-10.1), phosphorus 3.2 mg/
dL (normal, 2.5-4.5), creatinine 0.9 g/dL (normal, 0.6-0.9),
and PTH 21 pmol/L (normal, 1.0-5.2).

Assessment and Diagnosis

The primary function of the parathyroid glands is to secrete
PTH in response to a fall in the blood ionized calcium (iCa)
concentration as “measured” by the calcium-sensing receptor
(CaSR) on the plasma membrane [1, 2]. Short-term and modest
decreases in iCa result in the release of stored PTH from secre-
tory vesicles, decreased intracellular degradation of PTH stores,
and increased PTH mRNA expression and lifespan. This physi-
ologic or secondary hyperparathyroidism (SHP) may normalize
iCa by increasing renal reabsorption of iCa, by increasing intes-
tinal absorption of iCa by increasing renal production of 1,25
dihydroxyvitamin D, and by increasing osteoclastic activity and
mobilization of calcium from the skeleton. However, should
dietary calcium intake or absorption be limited, 25 hydroxyvita-
min D be deficient, and bone mineral be depleted, overt and
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chronically low iCa may occur, stimulating an increase in the
number of PTH-secreting parathyroid cells (i.e., hyperplasia)
and the potential for even higher serum PTH concentrations [3].

Parathyroid gland function and growth is also regulated by
plasma phosphate and 1,25 dihydroxyvitamin D concentrations. In
chronic kidney disease (CKD), increased binding of plasma phos-
phate to ionized calcium in the setting of hyperphosphatemia and
reduced intestinal calcium absorption due to inadequate production
of 1,25 dihydroxyvitamin D can both contribute to a decline in iCa.
Increases in FGF-23 that suppress 1,25-dihydroxyvitamin D pro-
duction and decrease vitamin D receptors in parathyroid tissue in
advanced CKD both reduce suppression of PTH secretion [4].
Simultaneously, increasing serum phosphate concentrations have a
direct effect on parathyroid glands resulting in increased PTH syn-
thesis and by promoting the stability of PTH mRNA [5]. Ultimately,
any disorder that persistently disturbs multiple targets of or modi-
fiers of PTH action leading to hypocalcemia and/or hyperphospha-
temia can greatly stimulate parathyroid gland function and growth
through multiple clinically modifiable mechanisms.

Although most commonly associated with CKD, malabsorp-
tion, and vitamin D deficiency, SHP also occurs due to failure
of target tissues to respond to the actions of PTH. PTH resis-
tance occurs in the proximal renal tubule as evidenced by lack of
phosphaturic response and increased cAMP excretion with exog-
enous PTH administration as was seen in the case above [6].
In other target tissues, PTH action remains intact including in
the thick ascending tubule which likely explains relative hypo-
calciuria compared to patients with hypoparathyroidism [7].
That PTH action remains in bone [8] has been demonstrated
clinically [9, 10] and histologically in the case above at first
presentation with osteitis fibrosa. Similar to other causes of
SHP, treatment of PHP includes calcium supplementation, phos-
phate restriction, and calcitriol treatment intended to normalize
serum calcium and phosphorus which in turn will reduce mul-
tiple stimuli of PTH production and parathyroid gland growth.
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Tertiary hyperparathyroidism (THP) is characterized by
excessive secretion of PTH after long-standing SHP, and which
may now include hypercalcemia [11]. THP can be the end result
of long-standing SHP in which the parathyroid glands now
exhibit autonomous function even after correction of underlying
disease (e.g., post renal transplantation) [12]. The cellular etiol-
ogy of THP is unknown but is postulated to be a result of a
monoclonal expansion of parathyroid cells [13]. It is believed
that these cells have an altered set point of their calcium-sensing
receptor (CaSR) so that PTH is secreted despite elevated iCa
concentrations [14].

Patients with long-standing chronic stimulation of their para-
thyroid glands often develop autonomy, such that they do not
respond to calcium and calcitriol supplementation or phosphate
restriction in their diet. In this situation, little can be done to stop
overproduction of PTH short of parathyroidectomy, although
certain interventions may be successful in temporarily reducing
excess secretion of parathyroid hormone. Phosphate binders
such as calcium acetate, sevelamer, or lanthanum are usually
used to control hyperphosphatemia in patients where dietary
restriction of phosphorus to 800—1000 mg each day is not suf-
ficient. Lowering serum phosphorus may help lower FGF-23
and PTH secretion also as described above.

Certain synthetic active vitamin D analogues such as parical-
citol, doxercalciferol, and others have been shown to reduce PTH
secretion by moderate amounts without simultaneously stimulat-
ing absorption of calcium and phosphate by the intestine. These
have a modulating effect on the amount of PTH release by
autonomous glands by direct transcriptional inhibition of PTH
synthesis in the parathyroid glands and tend to reduce circulating
PTH concentrations [15, 16]. Higher doses of these agents may
lead to an increase in serum calcium or phosphate by stimulating
intestinal absorption and tend to increase FGF-23 levels.

Cinacalcet is a calcimimetic compound that effectively lowers
PTH secretion by autonomous or semiautonomous parathyroid
glands. This allosteric sensitizer of the calcium-sensing receptor
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causes parathyroid chief cells to sense higher levels of extracel-
lular calcium than are actually present, leading to decreased
production of PTH, which leads to decreased serum calcium
[17-19]. Cinacalcet is typically started at 30 mg once daily, with
follow-up serum calcium measurement within 1 week. The most
common side effect is nausea with vomiting, but taking cinacal-
cet with meals minimizes these side effects. Hypocalcemia may
also occur, and cinacalcet should not be given if serum calcium
is less than 8.4 mg/dL. Cinacalcet may be titrated upward to a
maximum of 90 mg four times daily in the setting of parathyroid
cancer, but is titrated to a maximum of 60 mg three times daily
for THP. Patients with THP are usually at least moderately
responsive to cinacalcet.

Hemodialysis or peritoneal dialysis will help control calcium
and phosphorus abnormalities in end-stage chronic kidney dis-
ease, but usually do not help reduce PTH secretion in most
patients. Renal transplantation corrects many abnormalities as
long as the transplanted kidney continues to function well, and
usually helps improve PTH secretion overall, but not in all
cases.

For patients who have persistent THP despite optimal medical
management, or after beginning dialysis treatment, or undergo-
ing renal transplantation, surgery is usually recommended as a
last resort. Because patients with THP typically have all four
parathyroid glands oversecreting PTH, surgery usually removes
three and one-half glands or all four glands with autotransplanta-
tion of a part of one gland into the neck, chest, or forearm mus-
cle. Surgery to remove three and one-half glands leaves the
remaining half-gland in place with intact blood supply.
Autotransplantation of one-half gland usually leads to revascu-
larization of the parathyroid tissue from surrounding muscle
blood supply. In both cases, success of control of PTH oversecre-
tion is high, and risk of hypoparathyroidism is low. In some cases
four-gland hyperplasia is associated with four mildly to moder-
ately enlarged glands of the about same size, but in other cases,
asymmetry is noted, with some glands larger than the others. In
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patients who develop recurrent THP later due to continued
autonomy of the half-gland left in situ or autotransplanted, medi-
cal therapy may be tried again, and if this fails, surgery may be
recommended again. Repeat surgery for THP is associated with
a higher risk of hypoparathyroidism [20].

In the case presented, it is presumed that suboptimal calcium
or calcitriol replacement led to chronic mild hypocalcemia,
which led to chronic stimulation of her parathyroid glands. At
some point one or more of her parathyroid glands became
autonomously secreting, and she developed THP with hypercal-
cemia. Cessation of her paresthesias was a harbinger of develop-
ment of THP.

Management

Bone mineral density for the case discussed was above average
for age and gender (7T-score = 1.2, Z-score = 3.1). Parathyroid
sestamibi scan and neck ultrasound each suggested two enlarged
inferior parathyroid glands. At surgery, both the right and left
inferior parathyroid glands were visibly enlarged, whereas the
superior glands were of normal size and appearance. Baseline
intraoperative PTH was 43.7 pmol/L. After the right inferior
720-mg gland was removed, PTH decreased to 31 pmol/L. After
the left inferior 130-mg gland was removed, PTH decreased
further to 6.9 pmol/L (Fig. 20.1). Histopathology indicated
parathyroid hyperplasia in both glands. Tissue tumor markers
Ki-67 and p27 were normal, thus not suggestive of malignant
transformation. Postoperative serum calcium decreased to
8.6 mg/dL, with a PTH nadir of 3.3 pmol/L. Remaining asymp-
tomatic, she began oral calcium supplementation of 2400 mg
and 1,25-dihydroxyvitamin D 0.50 mcg daily. By postoperative
day three serum calcium was normal at 9.2 mg/dL. Two weeks
later, serum calcium remained normal and PTH had increased to
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Fig. 20.1 Intraoperative parathyroid hormone levels after sequential resec-
tion of hyperplastic right inferior and left inferior parathyroid glands to

treat tertiary hyperparathyroidism in a patient with pseudohypoparathyroid-
ism type Ib

16.3 pmol/L (1.3-7.6), indicating return of function of remain-
ing parathyroid tissue and suggesting mild residual hyperpara-
thyroidism in her remaining glands.

Outcome

At 10-year follow-up, she felt well. Her serum calcium remained
in the normal range with consistent use of 1000 mg elemental
calcium daily, 1,25-dihydroxyvitamin D 0.25 mcg daily, and
hydrochlorothiazide 25 mg every other day over 10 years of
follow-up. PTH remained elevated but stable at 7.8 pmol/L. BMD
remained normal and above average for age.
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Clinical Pearls/Pitfalls

 Chronic stimulation by mild ionized hypocalcemia due to
chronic PTH resistance and related disorders may result
in parathyroid gland hyperplasia and even greater extent
of PTH elevation sufficient to cause mild hypercalcemia.

» Tissue-specific decreases in Gso expression in the
proximal renal tubules with preserved expression in
bone and other tissues may be clinically evident in dis-
orders such as pseudohypoparathyroidism type Ib and
may influence determination of optimal PTH concen-
trations in such patients.

* In patients with underlying conditions for whom elevated
serum concentrations of PTH may be necessary to opti-
mize physiologic functions related to calcium and phos-
phorus, need for and extent of parathyroidectomy should
be carefully discussed with an endocrine surgeon.

Conflicts of Interest All authors state that they have no conflicts of
interest.
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