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ABSTRACT Primary hyperparathyroidism (PHPT) is both underdiagnosed and undertreated. The most common causes
for delayed diagnosis include failure to note hypercalcemia, poor workup for hypercalcemia, or not contemplating a
diagnosis of HPT. The majority (99.8%) of patients who have an elevated serum calcium level have a problem in one
or more of their parathyroid glands. Any serum calcium concentration above 10.2 mg/dl should alert the health care
provider of the possibility of PHPT. This paper is intended to contribute to the education of health care providers and
patients about the importance of early diagnosis and about the more subtle complications of PHTP to create a sense of
urgency for management and appropriate referral of the patient to a specialist. The only definitive and curative treatment
of PHPT is an operation that can prevent all the deleterious consequences of the disease.
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INTRODUCTION

Primary hyperparathyroidism (PHPT) is both underdiagnosed
and undertreated. The most common causes for delayed diag-
nosis include failure to note hypercalcemia, poor workup for
hypercalcemia, or not contemplating a diagnosis of HPT. Asban
A, et al. [1] identified that health care providers appear to over-
estimate the benefits of medical therapy and/or observation and
underestimate the potential benefits of parathyroidectomy, as
indicated by low rates of surgical referral relative to medical
management [1]. The purpose of this review is to help physi-
cians identify, adequately diagnose, and appropriately refer the
patient for surgical evaluation.
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DEFINITION OF PHPT

The term hyperparathyroidism (HPT) represents the overpro-
duction of parathyroid hormone (PTH) and can be categorized as
primary, secondary, or tertiary. PHPT arises from an unregulated
overproduction of PTH from an abnormal parathyroid gland [2].
Increased PTH levels may also arise as a compensatory response
to hypocalcemic states resulting from chronic renal failure or
gastrointestinal (GI) malabsorption of calcium. This secondary
HPT can be undone by rectification of the underlying problem
(e.g., kidney transplantation for chronic renal failure). However,
chronically stimulated parathyroid glands may sometimes be-
come autonomous, resulting in persistence or recurrence of the
hypercalcemia after successful renal transplantation, resulting
in tertiary HPT.

The definition of PHPT is hypercalcemia or widely fluctuat-
ing levels of serum calcium resulting from the inappropriate or
autogenous secretion of PTH by one or more parathyroid glands
in the absence of a known or recognized stimulus [2-4].

EPIDEMIOLOGY OF PHPT

The most common aetiology of hypercalcemia in the outpatient
setting is PHPT [3, 4], with roughly 100,000 new cases per year
recorded in the United States [3]. Since the introduction of rou-
tine laboratory testing, the prevalence of PHPT has increased
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from 0.1% to 0.4% (one to seven cases per 1000 adults) [3, 5, 6].
Yeh et al. [6] reported that the incidence of PHPT fluctuated
between 36.3 and 120.2 cases per 100,000 women-year and 13.4
and 35.6 in 100,000 men-year. The vast majority of cases of PHPT
occur in patients older than 45 years of age, with a mean age at
diagnosis between 52 and 56 years, but it may present at any age
[7]. Women have always made up the majority of cases, with a
female-to-male ratio of 3 to 4:1 [2, 3, 8].

HOW TO IMPROVE THE FAILURE TO RECOGNIZE HY-
PERCALCEMIA AND OTHER LABORATORY ABNOR-
MALITIES SEEN IN PHPT?

In a study by Asban A, et al., 15% of patients had at least one el-
evated serum calcium concentration that was not recognized by
their health care provider, and 12% of patients with an elevated
calcium level did not have there PTH checked as part of the
initial workup for hypercalcemia [1]. There are several possible
explanations for why health care providers may miss elevated
calcium on laboratory testing or ascribe the hypercalcemia to
other causes. A busy practice was hundreds of laboratory values
are processed in any given week, making it fairly easy to miss
any single abnormality. Because elevated serum calcium may
be deemed of lesser importance than laboratory values related
to kidney disease, or diabetes, or liver dysfunction, providers
may not feel a sense of urgency related to diagnosis or further
workup. Moreover, a tendency to assess an elevated serum
calcium level by repeating the calcium measurement without
checking a PTH level is a common practice [1]. Repeating the
serum calcium without checking the PTH does not provide suf-
ficient information to diagnose the origin of the hypercalcemia
because a seemingly normal calcium level may be indicative of
PHPT if the PTH is inadequately normal (normocalcemic hyper-
parathyroidism) [1, 4]. A considerable percentage of patients
may have their elevated calcium levels identified in the hospital
(inpatient or in emergency room) making it a relatively easy way
miss an additional laboratory abnormality [1].

It is very important to look for abnormal calcium levels when
checking routine laboratory test; the following section is in-
tended to help health care providers identify abnormal serum
calcium levels and to learn which additional test will help them
make the diagnosis of PHPT and exclude other causes of hyper-
calcemia.

The normal serum calcium levels vary between laboratories,
but it is typically found to be between 8.6 mg/dl to 10.2 mg/dl.
This reference range is attained from a patient population that
includes infants, children, adolescents, and adults who make in-
terpretation of the results difficult. Practically all adults live with
a serum calcium concentration between 9 mg/dl to 10 mg/dl
[4]. It is very uncommon for an adult (over 25 to 30 years of age)
to have persistent calcium levels above 10.2 mg/dl or below
9.2 mg/dl [4]. This is secondary to the very strict regulation
by the parathyroid glands. Normal variability in the serum cal-
cium concentration is expected between different calcium results
taken at different points in time, but the variability should be
minimal, usually less than 0.4 mg/dl (0.19 +/- 0.09 mg/dl) [4].
If the variability is equal to or above 0.4 mg/dl in the same pa-
tient, we should suspect an abnormally functioning parathyroid
gland [4]. Calcium levels may vary more than 1 mg/dL from
day to day, month to month in patients with PHPT and this
fluctuation in the serum calcium concentration should be used
as a warning sign that the parathyroid glands are not working
properly. Norman et al., [4], in a series of more than 10,000 pa-

tients with proven PHPT found that the average serum calcium
concentration was 10.9 ± 0.6 mg/dl (median 10.9 mg/dl, mode
10.8 mg/dl) (Figure 1).

Figure 1. Differential Diagnosis of PHPT Based on Serum Cal-
cium and PTH Levels [2, 4].

In this study, 85.6% of the patients with PHPT had serum cal-
cium concentrations below 11.5 mg/dl, 69% of the patients never
had serum calcium concentrations above 11.4 mg/dl. They also
found that 74% of the patients with PHPT had at least one serum
calcium concentration within the normal reference range, again
making a point of the variability seen in patients with PHTP
concerning the serum calcium concentration. Only 4% of the
patients in this study had an average serum calcium concen-
tration of 12.0 mg/dl or above, and 93% of the patients never
had a single serum calcium level this high. The information in
the previous paragraph is essential to take into account when
reviewing the up to date guidelines in the management of this
disease [9, 10]. If the serum calcium levels are found to be
elevated, they should be repeated to confirm the presence of
hypercalcemia or to identify the variability that exists inpatient
with PHPT [2]. A frequent mistake that some physicians make
when they have a patient with a serum calcium concentration
that is abnormally high and another normal one is to assume
that the first result was a laboratory error instead of taking into
account the variability that could exist if the parathyroid glands
are not functioning properly. If available, previous values for
serum calcium concentrations should be reviewed, looking for
this variability. The presence of longstanding hypercalcemia
or variability between different results is more suggestive of
PHPT. If the laboratory is known to measure ionized calcium
reliably well, some specialists prefer to measure the ionized cal-
cium although this usually adds little to the diagnosis PHPT
in patients with normal serum albumin concentrations and no
abnormalities in acid-base balance [11]. One situation in which
the serum ionized calcium concentration is an essential adjunct
to the diagnosis is in patients with presumed normocalcemic
PHPT [4]. In normocalcemic PHPT, the ionized serum calcium
levels should be within normal range. In a study by Glenden-
ning et al [12], 12 out of 60 patients in whom the diagnosis of
normocalcemic PHPT was presumed a raised serum ionized
calcium was identified in the presence of a normal total serum
calcium concentration. After abnormal serum calcium is iden-
tified in a patient suspected of having PHPT or as an isolated
finding, the next test that should be ordered is either an intact
PTH (second-generation PTH assay) or PTH 1-84 assays (third-
generation) (Figure 1). This test should be ordered alongside a
new serum calcium level to help diagnose PHPT [13]. Roughly
80% to 90% of patients with PHPT have serum PTH levels above
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Table 1 Differential Diagnosis of Hypercalcemia [18]
Primary Hyperparathyroidism:

• Single adenoma
• Multiple gland adenoma:

– Double adenoma
– Triple adenoma

• Multiple gland hyperplasia

Tertiary Hyperparathyroidism
Malignancy:

• Parathyroid carcinoma
• Multiple myeloma
• Acute or chronic leukemia
• Solid tumors producing PTH-related peptide:

– Ovarian tumors
– Lung tumors

Drugs / Medications:

• Lithium
• Thiazide diuretics (hydrochlorothiazide) [19]
• Vitamin A intoxication [20]
• Vitamin D intoxication [20, 21]

Endocrine Disorders:

• Hyperthyroidism
• Addisonian crisis
• VIPoma

Granulomatous Disease:

• Sarcoidosis
• Tuberculosis
• Berylliosis
• Histoplasmosis

Milk-Alkali Syndrome

Chronic renal failure

Paget’s Disease

Immobilization
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the normal range for the test (10 to 65 pg/ml) [14, 15]. In a series
of more than 10,000 patients with proven PHPT, Norman et al.
[4], found that the average serum PTH concentration was 105.8
pg/ml (median 95 pg/ml, and mode 84 pg/dl). Approximately
10% to 20% of patients with PHPT have a serum PTH that was
only minimally elevated or within the normal range (ranging
from 35 to 65 pg/mL in an assay whose normal range is 10 to
60 pg/mL)[15]. In the study by Norman et al. [4], 16.5% of the
patients kept there PTH levels within the normal range, and
10.5% of the patients never had even one value above 65 pg/ml.
These “normal” values in the presence of hypercalcemia are in-
appropriately high; normal subjects given intravenous calcium
can suppress the serum PTH concentrations (below ten pg/mL),
and patients with non-parathyroid hypercalcemia virtually al-
ways have values below 20 to 25 pg/mL [16, 17]. When the
PTH is within normal limits, or it is only minimally elevated
(but inappropriately normal given the patient’s hypercalcemia),
measurement of 24-hour urinary calcium excretion may assist in
discriminating PHPT from familial hypercalcemic hypocalciuria
(FHH), though this is a sporadic disease. When the PTH is be-
low or in the lower end of the normal range, non-PTH-mediated
causes of hypercalcemia should be investigated (Table 1). As
with the serum calcium, variations in the PTH serum concentra-
tion can arise an should be used the help to make the diagnosis
[4].

As a rule, the higher the PTH levels the higher serum calcium
levels, but we should keep in mind that there is a great deal
of disparity between serum calcium and PTH levels, with little
correlation between the average calcium level compared to the
average PTH level [4]. Consequently, a high PTH level does
not necessarily determine a high calcium level, and vice versa
in any individual patient. The classic PHPT patient will have
an elevated serum calcium (above 10.2 mg/dl) and an elevated
serum PTH level (above 65 pg/ml) but some patients may have
a very elevated serum calcium levels (higher than 11.5 mg/dl)
with normal serum PTH levels, or some patients may have nor-
mal or only slightly elevated serum calcium levels with elevated
serum PTH levels. Acquiring of vitamin D levels (usually 25 OH
Vitamin D) may help differentiate PHPT from other conditions,
and it can help confirm the diagnosis of PHPT [4]. This is be-
cause the majority of patients with PHPT will have coexistent
vitamin D deficiency [4, 22]. Norman et al. [4, 22], in a series of
more than 10,000 patients with proven PHPT found that 77% of
patients had 25 OH Vitamin D levels below 30 ng/ml (normal
range above 35 ng/ml), 36% had levels below 20 ng/ml, and
none of the patients had elevated 25 OH Vitamin D levels. The
authors also found an increase conversion of 25 OH Vitamin
D to 1-25 OH Vitamin D. Vitamin D deficiency is something to
anticipate in patients with PHPT with an average value of 22.4
ng/ml [4]. Vitamin D deficiency can help with the diagnosis of
PHPT [22].

Twenty-four-hour urinary calcium excretion is typically not
needed to make the diagnosis of PHPT because of the lack of
correlation with the risk of developing renal complications. The
current NIH guidelines no longer take into account the 24-hour
urinary calcium excretion as a criterion for surgery [9]. The
24-hour urinary calcium can be helpful in patients with hyper-
calcemia and a minimally elevated PTH or an inappropriately
normal PTH given the patient’s hypercalcemia, as it helps dis-
tinguish PHPT from FHH [23]. The majority of patients with
PHPT have normal 24-hour urinary calcium excretion, with only
40% of patients being hypercalciuric [24]. A urinary calcium con-

centration, greater than 200 to 300 mg/day, basically excludes
the diagnosis of FHH [23]. If the 24-hour urinary calcium ex-
cretion is below 200 mg/day, PHPT with concomitant vitamin
D deficiency should be suspected. Low urinary calcium values
can be seen in patients with PHPT whose calcium intake is ex-
tremely low. Roughly 75% of patients with FHH excrete less
than 100 mg of calcium in urine a day [25]. A calcium/creatinine
(Ca/Cr) clearance ratio below 0.01 in a vitamin D-replete in-
dividual is highly suggestive of FHH rather than PHPT (ratio
usually greater 0.02) [23, 26, 27]. The ratio is calculated using
24-hour urinary calcium and creatinine concentrations, and total
serum calcium and creatinine concentrations using the following
formula: Ca/Cr clearance ratio = [24-hour urine Ca X serum Cr]
÷ [24-hour urine Cr X serum Ca].

The data establishing the value of the Ca/Cr clearance ratio
in differentiating FHH from PHPT are based primarily on 24-
hour urine collections [23]. The Ca/Cr clearance ratio less than
0.01 has a sensitivity for FHH of 85%, a specificity of 88%, and
a positive predictive value of 85%; a value greater than 0.02
essentially excluded FHH [23, 26-28].

Roughly 50% of patients with PHPT will have decreased
in their serum phosphate concentrations. The severity of the
hypophosphatemia associated with PHPT is usually moderate;
increased urinary phosphate excretion is balanced by the mobi-
lization of phosphate from bone and enhanced intestinal absorp-
tion. Serum phosphorus concentrations are seldom less than
2.0 mg/dl unless patients’ phosphorus intake is low, or they
concurrently ingest phosphate-binding antacids [29]. A mild hy-
perchloremic metabolic acidosis may also is present in patients
with PHPT, thereby leading to an elevated chloride-to-phosphate
ratio (> 33) [30-32]. Proximal tubular bicarbonate reabsorption
is inhibited by elevated concentrations of PTH, which tends to
cause a mild metabolic acidosis. However, this effect is usu-
ally offset by the alkali liberated as a result of increases in bone
resorption and tubular reabsorption of bicarbonate caused by
hypercalcemia [33]. Consequently, metabolic acidosis is uncom-
mon in patients with PHPT unless serum PTH concentrations
are very high, or the patient has coexistent renal insufficiency.

LOOKING FOR POSSIBLE CLINICAL FEATURES OF
PHPT IN PATIENT WITH HYPERCALCEMIA.

Patients with an elevated serum calcium concentration, an ele-
vated PTH or inappropriately normal PTH in the presence of
elevated calcium levels, and signs and symptoms that could be
attributed to PHPT, the diagnosis of PHPT should be relatively
straight forward. No confirmatory imaging study is required
to make the diagnosis, and the patient should be referred for
a surgical evaluation. The following section will describe the
signs and symptoms health care providers should be looking for
in patients with an elevated serum calcium concentration.

PHPT is symptomatic in more than 95% of the cases if proper
attention is paid to the subtle symptoms and signs that the
disease can produce due to the fluctuating calcium levels [34],
regardless of what most of the literature states. The “classic”
pentad of kidney stones, painful bones, abdominal groans, psy-
chic moans, and fatigue overtones are rarely seen today since
the advent and general use of automated blood analyzers in the
early 1970s [35].

Most patients present with fatigue (# 1 symptom) [36-39],
decrease levels of energy [36, 37], general malaise [37], anxiety,
irritability leading to decrease social interaction [40], depression
(10% of cases) [36], memory loss [37], decrease concentration,
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Table 2 Fourth International Workshop on Asymptomatic PHPT Clinical Guidelines.

Serum calcium concentration of 1.0 mg/dL or more above the upper limit of normal.

Estimated glomerular filtration rate (eGFR) less than 60 ml/min.

Bone density at the hip, lumbar spine, or distal radius that is more than 2.5 standard deviations below peak bone
mass (T-score less than-2.5) and previous asymptomatic vertebral fracture (by radiograph, CT, MRI, or vertebral
fracture assessment.

Twenty-four-hour urinary calcium is greater than 400 mg/day. Some experts suggest that a stone risk profile is a
useful adjunct for making a decision about surgery in those with urinary calcium excretion greater 400 mg/d, but
there are limited to data to support this.

Nephrolithiasis or nephrocalcinosis by radiograph, ultrasound, or CT.

Age less than 50 years.

Table 3 Long-term Consequences of PHPT.

Shorter life span

Increase the risk of developing cardiovascular disease

Increase the risk of developing a malignancy

Increase risk of developing bone disease

Increase the risk of developing renal disease

Decrease quality of life

decrease ability to learn new things, decrease ability to complete
daily tasks at home [39, 41], decrease ability to complete daily
tasks at work [41], decrease social interaction, insomnia [42],
arthralgia’s (32% of the cases) [43], myalgia’s (14% to 41% of
the cases) [43], bone pain [38-40], muscle weakness (specially
proximal muscle groups) [38], intermittent headaches, polydip-
sia, polyuria [44], nocturia, nausea (24% of the cases) [45-47],
anorexia (15% of the cases) [45-47], non-specific abdominal pain
[46, 48], heartburn (30% of the cases) [36, 47, 48], constipation
(33% of the cases) [47], palpitations, arrhythmias (usually atrial
fibrillation), elevated blood pressure, thinning of the hair (spe-
cially in women in the frontal region), and pruritus [34, 49, 50].
Patients with PHPT also tend to score lower than healthy con-
trols when evaluated by general multidimensional health as-
sessment tools such as the Medical Outcomes Study Short-Form
Health Survey (SF-36) [51, 52] and other specific questionnaires
[53]. PHPT that is truly “asymptomatic” is a rare occurrence,
seen in less than five percent of patients [35, 47], this is important
when talking about management based on current guidelines[9].

DIFFERENTIAL DIAGNOSIS OF PHPT

The differential diagnosis of hypercalcemia is extensive [18], as
listed in Table 1, but the aetiology of hypercalcemia that results
in a concomitantly elevated PTH level are few: FHH, lithium-
induced hypercalcemia, and tertiary HPT. A minority of patients
(10% to 15%) with PHPT have PTH levels at the high end of the
normal reference range (10 to 65 pg/dl), though inappropriately
high in the presence of elevated serum calcium concentrations.
A group of the patients (2.5% of the cases) have serum calcium
levels within the reference range with elevated PTH hormone,
so-called normocalcemic PHPT (Figure 1) [4]. On the other
hand, when considering this diagnosis, all potential causes of

secondary HPT, low calcium intake, gastrointestinal disorders,
renal insufficiency, and hypercalciuria of renal origin, should
be eliminated [54]. It is often not very difficult to differentiate
hypercalcemia caused by PHPT from other causes because in
almost all other etiologies of hypercalcemia the serum PTH is in
the low normal range.

Secondary and tertiary hyperparathyroidism is usually di-
agnosed based on their clinical context. Cancer-induced hyper-
calcemia is usually associated with a low parathyroid hormone
level but possibly a high parathyroid hormone-related peptide
level (Figure 1). PHPT and malignancy account for more than
90% of all cases of hypercalcemia. Malignancy is the leading
cause of hypercalcemia in hospitalized patients comparted to
the outpatient setting, where PHPT is the most common cause of
the hypercalcemia. PHPT can virtually always be distinguished
from other diseases causing hypercalcemia by a combination
of history, physical examination, and appropriate laboratory
investigations.

It is commonly not difficult to differentiate hypercalcemia
secondary to PHPT from hypercalcemia due to malignancy. Ma-
lignancy is often evident clinically by the time it causes hyper-
calcemia, and patients with hypercalcemia of malignancy have
higher calcium concentrations and are more symptomatic from
the hypercalcemia than individuals with PHPT. Hypercalcemia
may occur in patients with many different types of tumours,
both solid tumours and leukaemia’s. Serum calcium concentra-
tions above 13 mg/dL are less commonly seen in PHPT and,
in the absence of another apparent cause, are more likely due
to malignancy. Usually, these patients will have very low PTH
levels (between 6 to 12 pg/ml) because their parathyroid glands
will be functioning properly [55].

The elaboration of humoral factors by the primary tumour,
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collectively known as humoral hypercalcemia of malignancy
(HHM), is the mechanism responsible for 80% of the cases [56,
57]. The majority of HHM is caused by tumour production of
PTH-related protein followed by infrequent tumour production
of 1,25-dihydroxyvitamin D and PTH. The remaining 20% of
the cases are caused by bone metastasis with consequent bone
osteolysis and release of skeletal calcium. Cytokines such as
tumour necrosis factor and interleukin-1 appear to play a role
by stimulating the differentiation of osteoclast precursors into
mature osteoclasts [55].

Practically all patients with chronic renal failure develop sec-
ondary HPT. These patients usually have normal or low normal
serum calcium concentrations with very elevated serum PTH
levels (between 250 to 4000 pg/ml) (Figure 1). These patients
are responding appropriately to very elevated phosphate lev-
els. Patients with high serum calcium concentrations, high PTH
levels, modest elevations of serum creatinine, and diminished
glomerular filtration rate have PHPT [54].

Patients with gastrointestinal malabsorption secondary to
gastric bypass surgery [58], Celiac disease [59], Crohn disease
[60], and small bowel resection will have decreased calcium
absorption from the gastrointestinal tract leading to an increase
in serum PTH levels secondary to parathyroid gland hyperplasia
(normal response) (Figure 1). The increase in the PTH level will
cause an increase in calcium resorption from the bone, leading
to significant osteoporosis. These patients maintain their serum
calcium levels between 8.2 mg/dl to 9.2 mg/dl (could drop up
to 7 mg/dl) [59, 60].

FHH is a rare autosomal dominant disorder characterized
by longstanding, mild hypercalcemia, normal PTH levels, and
low urinary calcium excretion. In most instances, it is caused
by an inactivating mutation in the calcium-sensing receptor in
the parathyroid glands and the kidneys [23]. A family history
of mild hypercalcemia, especially in young children, and the ab-
sence of symptoms and signs of hypercalcemia (such as fatigue,
memory loss, anorexia, neuromuscular symptoms, nephrolithia-
sis, gastroesophageal reflux disease, hair loss in women, heart
abnormalities, osteoporosis, and polyuria) are characteristic of
this disorder. Fifteen to 20 percent of patients with FHH may
have a mildly elevated PTH concentration [23, 25, 26, 61].

Immobilization is a rare cause of hypercalcemia. For the di-
agnosis of immobilisation-related hypercalcemia, all the other
causes of PTH and vitamin D-dependent hypercalcemia should
be carefully excluded (Table 1). Immobilization hypercalcemia
results from rapid bone turnover and has been seen after spinal
cord injury or long bone fracture in children and adolescents
[62]. Patients that immobilized with pre-existing conditions of
high bone turnover (adolescents and patients with Paget’s dis-
ease, thyrotoxicosis or PHPT) and reduced renal function are
at an increased risk of developing severe hypercalcemia [63-65].
The exact aetiology of immobilization hypercalcemia remains
unknown. The loss of mechanical stress (mechanostat theory)
has proven critical for bone loss [66]. An additional suggested
mechanism is the acidic environment created by low blood flow
that may impair mineralization of bone and increase PTH activ-
ity [67, 68]. Overall, increased osteoclastic bone resorption and
decreased osteoblastic bone formation are hallmarks in the bone
biopsy.

WHY OUR PATIENTS NOT REFERRED FOR SURGICAL
EVALUATION?

Asban A et al. [1], identified that the bulk of patients (61%)
who were not referred to a surgeon were either told that they
would not benefit from an operation or never even had surgery
considered as a management option. This may be due to health
care providers been confused by the various guidelines related
to treatment recommendations for the so-called “asymptomatic”
PHPT. There may also be a mistaken sense that PHTP does not
have a substantial impact on health in the absence of significant
bone disease or development of kidney stones. There also ap-
pears to be a belief among some physicians that either medical
management or just observing patients with PHTP is prefer-
able to surgery. In a recently published cost-effectiveness study
that compared parathyroidectomy with observation for patients
with “asymptomatic” HPTP, Zanocco et al. [69], found that
parathyroidectomy is a less costly and more effective treatment
strategy that leads to a considerably greater quality-adjusted
life expectancy. There is currently no medical management that
treats the underlying parathyroid dysfunction that causes hy-
perparathyroidism, and it is entirely unclear whether “medical
management” does more than expose patients to the side effects
and costs of medication [9, 10, 35]. Another plausible reason
for health care providers seen patients with PHPT and not re-
ferring them for surgical evaluation is that physicians who do
not perform parathyroidectomy likely have little sense of what
the operation entails or the ratio of risks and benefits [2]. This
may lead them to overestimate the potential risks of surgery
and to underappreciate the benefits for patients with PHTP [1,
70]. Minimally invasive parathyroidectomy has been shown to
reduce operative time, decrease morbidity, and have a higher
cure rate [39, 70-77].

Though not all patients with PHTP will be candidates for
surgery, the ideal person to have a conversation about the risks
and benefits of parathyroidectomy is a surgeon who regularly
operates [1]. Recognition of this fact has prompted the American
Association of Endocrine Surgeons to recommend that patients
with PHPT at a minimum have the opportunity to discuss man-
agement options with a surgeon, irrespective of whether they
ultimately undergo surgery [10]. This would permit all patients
with HPTP to make informed decisions about their care.

WHAT ARE THE BENEFITS OF PARATHYROIDECTOMY
IN PATIENTS WITH PHPT?

The contemporary treatment of symptomatic PHPT is the surgi-
cal excision of the abnormal parathyroid glands because it is the
only permanent and curative treatment for the disease. There is
a universal agreement that surgical treatment should be offered
to all patients with symptomatic disease, as mentioned previ-
ously, more than 95% of patients with PHPT will have symptoms
attributable the disease if properly interrogated [34].

Some controversy exists regarding the optimal management
of asymptomatic patients, which entails the minority of cases
of PHPT (less than 5% of the cases) [34]. For the minority of
patients that fall into the category of asymptomatic PHPT, the
Fourth International Workshop on Asymptomatic PHPT pub-
lished clinical guidelines to help in the management decisions
(Table 2) [9, 78].

There is increasing consensus among experts that surgery will
eventually be appropriate in the vast majority of patients with
asymptomatic disease because it is the only definitive therapy
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[9, 79] and the only treatment that can prevent the long-term
consequences of having the disease (Table 3). Large population-
based studies show that patients with PHPT appear to be at
risk for premature death. Most of these deaths were secondary
to cardiovascular disease or cancer. This data included both
symptomatic and asymptomatic patients. In a study by Leifsson
et al. [80], of 33,346 patients with PHPT over 11 years, noted a
20% to 58% higher mortality often of cardiovascular disease in
patients with PHPT compared to patients with normal serum
calcium levels. Patients who had early surgery for parathyroid
disease have improved survival when compared to patients with
untreated PHPT [35, 81-84].

Individuals with PHPT have higher incidence of cardiovas-
cular disease (2.5 to 3.0 times that of the general population)
such as hypertension [85], disturbances in the renin-angiotensin-
aldosterone system [86], heart failure [87, 88], arrhythmias
(bradycardia, shortened QT interval, atrial fibrillation) [89, 90],
stroke [91], and myocardial infarction [92], as well as structural
and functional alterations in the vascular wall (such as changes
in endothelial function, increased vascular stiffness leading to
subtle diastolic dysfunction, left ventricular hypertrophy) [93-
95], compared to patients with normal serum calcium levels.
Several studies suggest that PHPT is associated with increased
death rates from cardiovascular disease even in patients with
mild PHPT [96-99].

Certain studies have also shown that cardiovascular risk re-
turns to normal after a successful surgery, which is important for
preventing cardiovascular disease in patients with PHPT [90, 99].
Patients with PHPT have a higher incidence of developing cer-
tain types of malignancies compared to the general population
(approximately two times higher) [100-102]. The malignancies
most commonly associated with PHPT are breast cancer [102-
104], renal cancer [102], colorectal cancer [102, 105], endocrine
tumors (adrenals, thymus, pituitary and pancreas) [100, 101],
squamous cell carcinoma [102],and prostate cancer [102, 106].

Individuals with PHPT have some degree of renal dysfunc-
tion or symptoms in approximately 80% of the cases. The renal
manifestations implicated with PHPT are decreased glomeru-
lar filtration rate, hypercalciuria, nephrolithiasis, nephrocalci-
nosis, impaired urinary concentrating ability sometimes leading
to polyuria, polydipsia, and nocturia, reduced fractional phos-
phate reabsorption leading to hypophosphatemia, and increased
urinary exertion of magnesium [44].

In the past nephrolithiasis was reported in approximately
40% to 80% of patients with PHPT [107], but now occur only
in roughly 20% to 25% of the cases [108]. The pathophysiology
is thought to be related to the filtered load of calcium in the
glomerulus that increases proportionately with the degree of
hypercalcemia [109]. The most common type of kidney stones
found in patients with PHPT is composed of calcium oxalate,
although slightly alkaline urine may favour the precipitation of
calcium phosphate stones [109, 110].

Hypercalciuric patients are more likely to be stone formers,
but less than one-third of the hypercalciuric patients with PHPT
develop renal stones [110].

Hypercalciuria is not a predictor of nephrolithiasis in patients
with PHPT and is no longer considered as an indication for
surgery [111]. It is almost impossible to predict which patients
with PHPT would develop new-onset nephrolithiasis, based on
the biochemical measurements in the blood or urine (including
hypercalciuria) [44, 110].

Nephrocalcinosis, which refers to renal parenchymal calci-

fication, is identified in less than five per cent of patients with
PHPT and is more likely to lead to renal dysfunction [112]. The
incidence of hypertension is variable, anywhere between 30%
to 50% of patients with PHPT [91, 113]. Hypertension appears
to be more common in older patients and correlates with the
magnitude of renal dysfunction and, in contrast to other symp-
toms, is least likely to improve after parathyroidectomy [91].
Another reasonable explanation of the origin of hypertension in
patients with PHPT is the secretion of the hypertensive parathy-
roid factor that triggers an increase in blood pressure [114]. The
high levels of PTH are also linked with the disruption in the
renin-angiotensin-aldosterone system [115].

Bone manifestations, including osteopenia, osteoporosis, and
osteitis fibrosa cystica, are found in approximately 15% of pa-
tients with PHPT [116, 117]. PHPT is linked with a reduction in
bone mineral density (BMD), particularly in the cortical bone,
such as in the distal third of the radius [116, 117]. In the lumbar
region, composed all most exclusively by trabecular bone, and
in the femoral region, composed by cortical and trabecular bone,
the decrease in BMD is less severe [116-118].

Osteitis fibrosa cystica, a bone manifestation that is rarely
seen today (seen in less than five percent of patients with PHPT),
is caused by an increase in bone turnover and can be determined
by finding an elevated serum alkaline phosphatase level [119].
The imaging findings seen in patients with PHPT with the bone
disease are characterized by subperiosteal resorption (most ap-
parent on the radial aspect of the middle phalanx of the second
and third fingers), bone cysts, and tufting of the distal phalanges
[120], which are best evaluated on plain x-rays of the hands.
Brown or osteoclastic tumours (accumulations of osteoclasts and
fibrous tissue) and bone cysts also may be present [121]. Brown
tumours have a somewhat greater incidence in PHPT than in
secondary HPT (3% versus 2%) [122]. In patients with chronic
kidney disease, persistent and excessive urinary calcium elimi-
nation can lower serum calcium level and lead to an increase in
PTH secretion. This leads to mobilization of calcium from the
bones through rapid osteoclastic turnover of bone to maintain
normal serum calcium levels [122]. In areas where bone loss is ex-
ceptionally fast, haemorrhage, and reparative granulation tissue,
with active, vascular, proliferating fibrous tissue may replace
the normal marrow contents, resulting in a brown tumour [122].
The brown colour is the result of hemosiderin (hence, the name
of the lesions) [123]. The skull also may be affected and appears
mottled with a loss of definition of the inner and outer cortices
[123]. A normal serum alkaline phosphatase level virtually rules
out clinically apparent osteitis fibrosa cystica. The bone disease
is linked with the serum PTH and vitamin D levels.

Subjective neuropsychiatric manifestations have been de-
scribed with PHPT since the 1940s and have been associated with
a decrease in the quality of life of patients [124, 125]. Lethargy,
drowsiness, anxiety, fatigue, depressed mood, neurasthenia,
paranoia, hallucinations, disorientation, confusion, and cogni-
tive (mostly memory) complaints have been documented in
several studies [125-129]. The precise aetiology of these symp-
toms is not known, but some studies have demonstrated that
levels of certain neurotransmitters (monoamine metabolites 5-
hydroxy indole acetic acid and homovanillic acid) are reduced
in the cerebrospinal fluid of patients with PHPT when compared
to controls. Irregularities in electroencephalogram have been
reported in patients with PHPT and tend to normalize following
parathyroidectomy [130].
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WHAT ARE THE COMPLICATIONS OF PARATHYROID
SURGERY?

The complication rates of primary parathyroidectomy are ex-
tremely low, especially in expert hands [9]. While transient
hypocalcemia is common (19% to 38% of the patients), the risk
of permanent hypocalcemia is only 0.1% (range less than 1% to
3%) [131]. Likewise, most studies report an incidence of per-
manent recurrent laryngeal nerve (RLN) injury below 1%, but
it can be as high as 9% in the context of re-operative surgery
[132]. Approximately 1% to 6% of the patients fail to achieve
a biochemical cure [70]. Invariably, surgical failure is due to a
“missed” adenoma or the presence of undiagnosed multiglandu-
lar disease [70]. Some studies have inversely correlated the risk
of failure with the surgeon’s case-volume, highlighting the tech-
nical aspects of parathyroid surgery [132]. The capsular rupture
of an adenoma can lead to parathyromatosis, a rare condition de-
fined by the implantation of hyperfunctioning parathyroid cells
in normal tissue [132]. Hungry bone syndrome, characterized
by profound hypocalcemia, is seen in patients with severe PHTP
and high bone turnover, rarely in the context of primary parathy-
roid disease [133]. The reported procedure-specific, long-term
morbidity rate associated with primary parathyroidectomy is
only 1% [134]. The morbidity of parathyroidectomy is higher in
the re-operative setting and among the elderly, where it reaches
4% to 10% and carries a 1% mortality rate [132].

CONCLUSIONS

The majority (99.8%) of patients who have an elevated serum
calcium level have a problem in one or more of their parathyroid
glands. Any serum calcium concentration above 10.2 mg/dl
should alert the health care provider of the possibility of PHPT.
This paper is intended to contribute to the education of health
care providers and patients about the importance of early diag-
nosis and about the more subtle complications of PHTP to create
a sense of urgency for management and appropriate referral of
the patient to a specialist. The only definitive and curative treat-
ment of PHPT is an operation that can prevent all the deleterious
consequences of the disease.

Competing Interests

There were no financial support or relationships between the
authors and any organization or professional bodies that could
pose any conflict of interests.

References

1. Asban A1, D.A., Mallick R, Xie R, Kirklin JK, Grogan RH,
Schneider DF, Chen H, Balentine CJ, Failure to Diagnose
and Treat Hyperparathyroidism Among Patients with Hy-
percalcemia: Opportunities for Intervention at the Patient
and Physician Level to Increase Surgical Referral. The On-
cologist, 2019 24: p. 1-7.

2. Arrangoiz R, C.F., Lambreton F, Luque-de-Leon E, Munoz
Juarez M, et al., Current Thinking on Primary Hyper-
parathyroidism. JSM Head Neck Cancer Cases Rev, 2016.
1(1): p. 1002.

3. Fraser, W.D., Hyperparathyroidism. Lancet, 2009.
374(9684): p. 145-58.

4. Norman, J., A. Goodman, and D. Politz, Calcium, parathy-
roid hormone, and vitamin D in patients with primary hy-
perparathyroidism: normograms developed from 10,000
cases. Endocr Pract, 2011. 17(3): p. 384-94.

5. Adami, S., C. Marcocci, and D. Gatti, Epidemiology of pri-
mary hyperparathyroidism in Europe. J Bone Miner Res,
2002. 17 Suppl 2: p. N18-23.

6. Yeh, M.W., et al., Incidence and prevalence of primary hy-
perparathyroidism in a racially mixed population. J Clin
Endocrinol Metab, 2013. 98(3): p. 1122-9.

7. Christensson, T., et al., Prevalence of hypercalcaemia in
a health screening in Stockholm. Acta Med Scand, 1976.
200(1-2): p. 131-137.

8. Beard, C.M., et al., Therapeutic radiation and hyperparathy-
roidism. A case-control study in Rochester, Minn. Arch
Intern Med, 1989. 149(8): p. 1887-90.

9. Bilezikian, J.P., et al., Guidelines for the management of
asymptomatic primary hyperparathyroidism: summary
statement from the Fourth International Workshop. J Clin
Endocrinol Metab, 2014. 99(10): p. 3561-9.

10. Wilhelm, S.M., et al., The American Association of En-
docrine Surgeons Guidelines for Definitive Management of
Primary Hyperparathyroidism. JAMA Surg, 2016. 151(10):
p. 959-968.

11. Silverberg, S.J. and J.P. Bilezikian, Evaluation and manage-
ment of primary hyperparathyroidism. J Clin Endocrinol
Metab, 1996. 81(6): p. 2036-40.

12. Glendenning, P., et al., High prevalence of normal total
calcium and intact PTH in 60 patients with proven primary
hyperparathyroidism: a challenge to current diagnostic
criteria. Aust N Z J Med, 1998. 28(2): p. 173-8.

13. Eastell, R., et al., Diagnosis of asymptomatic primary hy-
perparathyroidism: proceedings of the Fourth International
Workshop. J Clin Endocrinol Metab, 2014. 99(10): p. 3570-9.

14. Endres, D.B., et al., Immunochemiluminometric and im-
munoradiometric determinations of intact and total im-
munoreactive parathyrin: performance in the differential
diagnosis of hypercalcemia and hypoparathyroidism. Clin
Chem, 1991. 37(2): p. 162-8.

15. Nussbaum, S.R., et al., Highly sensitive two-site immuno-
radiometric assay of parathyrin, and its clinical utility in
evaluating patients with hypercalcemia. Clin Chem, 1987.
33(8): p. 1364-7.

16. Fuleihan, G.E., et al., Racial differences in parathyroid hor-
mone dynamics. J Clin Endocrinol Metab, 1994. 79(6): p.
1642-7.

17. Grant, F.D., P.R. Conlin, and E.M. Brown, Rate and con-
centration dependence of parathyroid hormone dynamics
during stepwise changes in serum ionized calcium in nor-
mal humans. J Clin Endocrinol Metab, 1990. 71(2): p. 370-8.

Rodrigo Arrangoiz et al./ International Journal of Medical Reviews and Case Reports (2019) 3(11):730-741



18. E., S., Hypercalcemia: pathogenesis, clinical manifestations,
differential diagnosis, and management. In: Favus MJ,
ed. Primer on the metabolic bone diseases and disorders
of mineral metabolism. . 4th ed ed. 1999, Philadelphia:
Lippincott, Williams & Wilkins.

19. Wermers, R.A., et al., Incidence and clinical spectrum
of thiazide-associated hypercalcemia. Am J Med, 2007.
120(10): p. 911 e9-15.

20. Ragavan, V.V., J.E. Smith, and J.P. Bilezikian, Vitamin A
toxicity and hypercalcemia. Am J Med Sci, 1982. 283(3): p.
161-4.

21. Koul, P.A., et al., Vitamin d toxicity in adults: a case series
from an area with endemic hypovitaminosis d. Oman Med
J, 2011. 26(3): p. 201-4.

22. Arrangoiz R, S.n. G.a.J., Moreno-Paquentin E, Molina DC,
de Leon EL, et al, Does Vitamin D Deficiency Cause Primary
Hyperparathyroidism? Int J Surg Res Pract 5:064.,2018, 5: p.
1-5.

23. Fuleihan Gel, H., Familial benign hypocalciuric hypercal-
cemia. J Bone Miner Res, 2002. 17 Suppl 2: p. N51-6.

24. Silverberg, S.J., et al., Nephrolithiasis and bone involvement
in primary hyperparathyroidism. Am J Med, 1990. 89(3): p.
327-34.

25. El-Hajj Fuleihan G, B.E., Familial Hypocalciuric Hypercal-
cemia and Neonatal Severe Hyperparathyroidism. In: The
Parathyroids, 3rd ed, „ ed. M.R. Bilezikian JP, Levine MA,
et al (Eds). 2014, London: Elsevier.

26. Marx, S.J., et al., Familial hypocalciuric hypercalcemia:
recognition among patients referred after unsuccessful
parathyroid exploration. Ann Intern Med, 1980. 92(3): p.
351-6.

27. Marx, S.J., Letter to the editor: Distinguishing typical pri-
mary hyperparathyroidism from familial hypocalciuric hy-
percalcemia by using an index of urinary calcium. J Clin
Endocrinol Metab, 2015. 100(2): p. L29-30.

28. Christensen, S.E., et al., Discriminative power of three in-
dices of renal calcium excretion for the distinction between
familial hypocalciuric hypercalcaemia and primary hyper-
parathyroidism: a follow-up study on methods. Clin En-
docrinol (Oxf), 2008. 69(5): p. 713-20.

29. JP, K., Clinical and physiologic phosphate disturbances.
In The Kidney Physiology and Pathophysiology., ed.
E.S.D.a.G. G. 2000, Philadelphia: Lippincott, Williams and
Wilkins.

30. Boughey, J.C., et al., Chloride/phosphate ratio in primary
hyperparathyroidism. Am Surg, 2004. 70(1): p. 25-8.

31. Broulik, P.D. and V. Pacovsky, The chloride phosphate ra-
tio as the screening test for primary hyperparathyroidism.
Horm Metab Res, 1979. 11(10): p. 577-9.

32. Higashi, K., et al., Clinical usefulness of the (chloride-
90)/phosphate ratio for distinguishing primary hyper-
parathyroidism from hypercalcemia due to other causes.
Endocrinol Jpn, 1985. 32(3): p. 421-6.

33. Hulter, H.N. and J.C. Peterson, Acid-base homeostasis dur-
ing chronic PTH excess in humans. Kidney Int, 1985. 28(2):
p. 187-92.

34. Perrier, N.D., Asymptomatic hyperparathyroidism: a medi-
cal misnomer? Surgery, 2005. 137(2): p. 127-31.

35. Bilezikian, J.P. and S.J. Silverberg, Clinical practice. Asymp-
tomatic primary hyperparathyroidism. N Engl J Med, 2004.
350(17): p. 1746-51.

36. Wilhelm, S.M., J. Lee, and R.A. Prinz, Major depression due
to primary hyperparathyroidism: a frequent and correctable
disorder. Am Surg, 2004. 70(2): p. 175-9; discussion 179-80.

37. Walker, M.D., et al., Neuropsychological features in pri-
mary hyperparathyroidism: a prospective study. J Clin
Endocrinol Metab, 2009. 94(6): p. 1951-8.

38. Pasieka, J.L. and L.L. Parsons, Prospective surgical outcome
study of relief of symptoms following surgery in patients
with primary hyperparathyroidism. World J Surg, 1998.
22(6): p. 513-8; discussion 518-9.

39. Sheldon, D.G., et al., Surgical treatment of hyperparathy-
roidism improves health-related quality of life. Arch Surg,
2002. 137(9): p. 1022-6; discussion 1026-8.

40. Okamoto, T., T. Kamo, and T. Obara, Outcome study of psy-
chological distress and nonspecific symptoms in patients
with mild primary hyperparathyroidism. Arch Surg, 2002.
137(7): p. 779-83; discussion 784.

41. Lundgren, E., et al., Population based case-control study of
sick leave in postmenopausal women before diagnosis of
hyperparathyroidism. BMJ, 1998. 317(7162): p. 848-51.

42. Joborn, C., et al., Psychiatric morbidity in primary hyper-
parathyroidism. World J Surg, 1988. 12(4): p. 476-81.

43. Helliwell, M., [Rheumatic symptoms in primary hyper-
parathyroidism]. Postgrad Med J, 1983. 59(690): p. 236-40.

44. Peacock, M., Primary hyperparathyroidism and the kidney:
biochemical and clinical spectrum. J Bone Miner Res, 2002.
17 Suppl 2: p. N87-94.

45. Gasparoni, P., et al., [Primary hyperparathyroidism and
peptic ulcer]. Minerva Med, 1989. 80(12): p. 1327-30.

46. Gardner, E.C., Jr. and T. Hersh, Primary hyperparathy-
roidism and the gastrointestinal tract. South Med J, 1981.
74(2): p. 197-9.

47. Chan, A.K., et al., Clinical manifestations of primary hy-
perparathyroidism before and after parathyroidectomy. A
case-control study. Ann Surg, 1995. 222(3): p. 402-12; dis-
cussion 412-4.

48. Reiher, A.E., et al., Symptoms of gastroesophageal reflux
disease improve after parathyroidectomy. Surgery, 2012.
152(6): p. 1232-7.

49. Bargren, A.E., et al., Can biochemical abnormalities predict
symptomatology in patients with primary hyperparathy-
roidism? J Am Coll Surg, 2011. 213(3): p. 410-4.

Rodrigo Arrangoiz et al./ International Journal of Medical Reviews and Case Reports (2019) 3(11):730-741



50. Eigelberger, M.S., et al., The NIH criteria for parathyroidec-
tomy in asymptomatic primary hyperparathyroidism: are
they too limited? Ann Surg, 2004. 239(4): p. 528-35.

51. Burney, R.E., et al., Health status improvement after surgical
correction of primary hyperparathyroidism in patients with
high and low preoperative calcium levels. Surgery, 1999.
125(6): p. 608-14.

52. Talpos, G.B., et al., Randomized trial of parathyroidectomy
in mild asymptomatic primary hyperparathyroidism: pa-
tient description and effects on the SF-36 health survey.
Surgery, 2000. 128(6): p. 1013-20;discussion 1020-1.

53. Prager, G., et al., Parathyroidectomy improves concen-
tration and retentiveness in patients with primary hyper-
parathyroidism. Surgery, 2002. 132(6): p. 930-5; discussion
935-6.

54. Felsenfeld, A.J., Considerations for the treatment of sec-
ondary hyperparathyroidism in renal failure. J Am Soc
Nephrol, 1997. 8(6): p. 993-1004.

55. Clines, G.A., Mechanisms and treatment of hypercalcemia
of malignancy. Curr Opin Endocrinol Diabetes Obes, 2011.
18(6): p. 339-46.

56. Stewart, A.F., Clinical practice. Hypercalcemia associated
with cancer. N Engl J Med, 2005. 352(4): p. 373-9.

57. Mirrakhimov, A.E., Hypercalcemia of Malignancy: An Up-
date on Pathogenesis and Management. N Am J Med Sci,
2015. 7(11): p. 483-93.

58. Sinha, N., et al., Increased PTH and 1.25(OH)(2)D levels as-
sociated with increased markers of bone turnover following
bariatric surgery. Obesity (Silver Spring), 2011. 19(12): p.
2388-93.

59. Lemieux, B., et al., Normal parathyroid function with de-
creased bone mineral density in treated celiac disease. Can
J Gastroenterol, 2001. 15(5): p. 302-7.

60. Prosnitz, A.R., et al., Changes in vitamin D and parathyroid
hormone metabolism in incident pediatric Crohn’s disease.
Inflamm Bowel Dis, 2013. 19(1): p. 45-53.

61. Nissen, P.H., et al., Molecular genetic analysis of the cal-
cium sensing receptor gene in patients clinically suspected
to have familial hypocalciuric hypercalcemia: phenotypic
variation and mutation spectrum in a Danish population. J
Clin Endocrinol Metab, 2007. 92(11): p. 4373-9.

62. Tori, J.A. and L.L. Hill, Hypercalcemia in children with
spinal cord injury. Arch Phys Med Rehabil, 1978. 59(10): p.
443-6.

63. Meythaler, J.M., et al., Immobilization hypercalcemia asso-
ciated with Landry-Guillain-Barre syndrome. Successful
therapy with combined calcitonin and etidronate. Arch
Intern Med, 1986. 146(8): p. 1567-71.

64. Massagli, T.L. and D.D. Cardenas, Immobilization hypercal-
cemia treatment with pamidronate disodium after spinal
cord injury. Arch Phys Med Rehabil, 1999. 80(9): p. 998-
1000.

65. Gopal, H., A.H. Sklar, and D.J. Sherrard, Symptomatic hy-
percalcemia of immobilization in a patient with end-stage
renal disease. Am J Kidney Dis, 2000. 35(5): p. 969-72.

66. Bikle, D.D. and B.P. Halloran, The response of bone to un-
loading. J Bone Miner Metab, 1999. 17(4): p. 233-44.

67. Krieger, N.S., N.E. Sessler, and D.A. Bushinsky, Acidosis
inhibits osteoblastic and stimulates osteoclastic activity in
vitro. Am J Physiol, 1992. 262(3 Pt 2): p. F442-8.

68. Raisz, L.G., Bone Resorption in Tissue Culture. Factors
Influencing the Response to Parathyroid Hormone. J Clin
Invest, 1965. 44: p. 103-16.

69. Zanocco, K.A., J.X. Wu, and M.W. Yeh, Parathyroidectomy
for asymptomatic primary hyperparathyroidism: A revised
cost-effectiveness analysis incorporating fracture risk reduc-
tion. Surgery, 2017. 161(1): p. 16-24

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

71. Norman, J. and D. Politz, 5,000 parathyroid operations with-
out frozen section or PTH assays: measuring individual
parathyroid gland hormone production in real time. Ann
Surg Oncol, 2009. 16(3): p. 656-66.

72. Norman, J.G. and D.E. Politz, Safety of immediate discharge
after parathyroidectomy: a prospective study of 3,000 con-
secutive patients. Endocr Pract, 2007. 13(2): p. 105-13.

73. Norman, J., Controversies in parathyroid surgery: The
quest for a "mini" unilateral parathyroid operation seems to
have gone too far. J Surg Oncol, 2012. 105(1): p. 1-3.

74. Bergenfelz, A., et al., Unilateral versus bilateral neck ex-
ploration for primary hyperparathyroidism: a prospective
randomized controlled trial. Ann Surg, 2002. 236(5): p.
543-51.

75. Adler, J.T., R.S. Sippel, and H. Chen, The influence of sur-
gical approach on quality of life after parathyroid surgery.
Ann Surg Oncol, 2008. 15(6): p. 1559-65.

76. Gallagher, S.F., et al., The impact of minimally invasive
parathyroidectomy on the way endocrinologists treat pri-
mary hyperparathyroidism. Surgery, 2003. 134(6): p. 910-7;
discussion 917.

77. Greene, A.B., et al., National trends in parathyroid surgery
from 1998 to 2008: a decade of change. J Am Coll Surg, 2009.
209(3): p. 332-43.

78. Silverberg, S.J., et al., Current issues in the presentation of
asymptomatic primary hyperparathyroidism: proceedings
of the Fourth International Workshop. J Clin Endocrinol
Metab, 2014. 99(10): p. 3580-94.

79. Bilezikian, J.P., et al., Guidelines for the management of
asymptomatic primary hyperparathyroidism: summary
statement from the third international workshop. J Clin
Endocrinol Metab, 2009. 94(2): p. 335-9.

Rodrigo Arrangoiz et al./ International Journal of Medical Reviews and Case Reports (2019) 3(11):730-741



80. Leifsson, B.G. and B. Ahren, Serum calcium and survival in
a large health screening program. J Clin Endocrinol Metab,
1996. 81(6): p. 2149-53.

81. Hedback, G. and A. Oden, Increased risk of death from
primary hyperparathyroidism–an update. Eur J Clin Invest,
1998. 28(4): p. 271-6.

82. Hedback, G., et al., Premature death in patients operated
on for primary hyperparathyroidism. World J Surg, 1990.
14(6): p. 829-35; discussion 836.

83. Palmer, M., et al., Mortality after surgery for primary hy-
perparathyroidism: a follow-up of 441 patients operated on
from 1956 to 1979. Surgery, 1987. 102(1): p. 1-7.

84. Sivula, A. and H. Ronni-Sivula, Natural history of treated
primary hyperparathyroidism. Surg Clin North Am, 1987.
67(2): p. 329-41.

85. Dominiczak, A.F., et al., Blood pressure, left ventricular
mass and intracellular calcium in primary hyperparathy-
roidism. Clin Sci (Lond), 1990. 78(2): p. 127-32.

86. Rayner, H.C. and D.J. Hasking, Hyperparathyroidism asso-
ciated with severe hypercalcaemia and myocardial calcifica-
tion despite minimal bone disease. Br Med J (Clin Res Ed),
1986. 293(6557): p. 1277-8.

87. Nilsson, I.L., et al., Left ventricular systolic and di-
astolic function and exercise testing in primary
hyperparathyroidism-effects of parathyroidectomy.
Surgery, 2000. 128(6): p. 895-902.

88. Symons, C., et al., Cardiac hypertrophy, hypertrophic car-
diomyopathy, and hyperparathyroidism–an association. Br
Heart J, 1985. 54(5): p. 539-42.

89. Pepe, J., et al., Arrhythmias in primary hyperparathy-
roidism evaluated by exercise test. Eur J Clin Invest, 2013.
43(2): p. 208-14.

90. Pepe, J., et al., Parathyroidectomy eliminates arrhythmic
risk in primary hyperparathyroidism, as evaluated by exer-
cise test. Eur J Endocrinol, 2013. 169(2): p. 255-61.

91. Walker, M.D., et al., Carotid vascular abnormalities in pri-
mary hyperparathyroidism. J Clin Endocrinol Metab, 2009.
94(10): p. 3849-56.

92. Andersson, P., E. Rydberg, and R. Willenheimer, Primary hy-
perparathyroidism and heart disease–a review. Eur Heart J,
2004. 25(20): p. 1776-87.

93. Nuzzo, V., et al., Increased intima-media thickness of the
carotid artery wall, normal blood pressure profile and nor-
mal left ventricular mass in subjects with primary hyper-
parathyroidism. Eur J Endocrinol, 2002. 147(4): p. 453-9.

94. Bukoski, R.D., K. Ishibashi, and K. Bian, Vascular actions
of the calcium-regulating hormones. Semin Nephrol, 1995.
15(6): p. 536-49.

95. Isales, C.M., et al., Functional parathyroid hormone recep-
tors are present in an umbilical vein endothelial cell line.
Am J Physiol Endocrinol Metab, 2000. 279(3): p. E654-62.

96. Lundgren, E., et al., Increased cardiovascular mortality and
normalized serum calcium in patients with mild hypercal-
cemia followed up for 25 years. Surgery, 2001. 130(6): p.
978-85.

97. Palmer, M., et al., Survival and renal function in untreated
hypercalcaemia. Population-based cohort study with 14
years of follow-up. Lancet, 1987. 1(8524): p. 59-62.

98. Wermers, R.A., et al., Survival after the diagnosis of hyper-
parathyroidism: a population-based study. Am J Med, 1998.
104(2): p. 115-22.

99. Vestergaard, P., et al., Cardiovascular events before and
after surgery for primary hyperparathyroidism. World J
Surg, 2003. 27(2): p. 216-22.

100. Palmer, M., et al., Increased risk of malignant diseases after
surgery for primary hyperparathyroidism. A nationwide
cohort study. Am J Epidemiol, 1988. 127(5): p. 1031-40.

101. Pickard, A.L., et al., Hyperparathyroidism and subsequent
cancer risk in Denmark. Cancer, 2002. 95(8): p. 1611-7.

102. Nilsson, I.L., et al., The association between primary hyper-
parathyroidism and malignancy: nationwide cohort anal-
ysis on cancer incidence after parathyroidectomy. Endocr
Relat Cancer, 2007. 14(1): p. 135-40.

103. Almquist, M., et al., Serum calcium and breast cancer risk:
results from a prospective cohort study of 7,847 women.
Cancer Causes Control, 2007. 18(6): p. 595-602.

104. Almquist, M., et al., Serum levels of vitamin D, PTH and
calcium and breast cancer risk-a prospective nested case-
control study. Int J Cancer, 2010. 127(9): p. 2159-68.

105. Enblad, P., et al., The risk of subsequent primary malignant
diseases after cancers of the colon and rectum. A nation-
wide cohort study. Cancer, 1990. 65(9): p. 2091-100.

106. Skinner, H.G. and G.G. Schwartz, Serum calcium and inci-
dent and fatal prostate cancer in the National Health and
Nutrition Examination Survey. Cancer Epidemiol Biomark-
ers Prev, 2008. 17(9): p. 2302-5.

107. Pak, C.Y., et al., A lack of unique pathophysiologic back-
ground for nephrolithiasis of primary hyperparathyroidism.
J Clin Endocrinol Metab, 1981. 53(3): p. 536-42.

108. Bilezikian, J.P., et al., Primary hyperparathyroidism: new
concepts in clinical, densitometric and biochemical features.
J Intern Med, 2005. 257(1): p. 6-17.

109. Frokjaer, V.G. and C.L. Mollerup, Primary hyperparathy-
roidism: renal calcium excretion in patients with and with-
out renal stone sisease before and after parathyroidectomy.
World J Surg, 2002. 26(5): p. 532-5.

110. Corbetta, S., et al., Risk factors associated to kidney stones
in primary hyperparathyroidism. J Endocrinol Invest, 2005.
28(2): p. 122-8.

111. Silverberg, S.J., et al., Presentation of asymptomatic pri-
mary hyperparathyroidism: proceedings of the third inter-
national workshop. J Clin Endocrinol Metab, 2009. 94(2): p.
351-65.

Rodrigo Arrangoiz et al./ International Journal of Medical Reviews and Case Reports (2019) 3(11):730-741



112. Monk RD, B.D., Nephrolithiasis and nephrocalcinosis. Com-
prehensive Clinical Nephrology. , ed. F.J. Johnson RJ, eds.
2003: 2nd ed. Mosby. 731-4.

113. Rosenthal, F.D. and S. Roy, Hypertension and hyperparathy-
roidism. Br Med J, 1972. 4(5837): p. 396-7.

114. Lewanczuk, R.Z. and P.K. Pang, Expression of parathyroid
hypertensive factor in hypertensive primary hyperparathy-
roid patients. Blood Press, 1993. 2(1): p. 22-7.

115. Gennari, C., R. Nami, and S. Gonnelli, Hypertension and
primary hyperparathyroidism: the role of adrenergic and
renin-angiotensin-aldosterone systems. Miner Electrolyte
Metab, 1995. 21(1-3): p. 77-81.

116. Seeman, E., et al., Differential effects of endocrine dysfunc-
tion on the axial and the appendicular skeleton. J Clin
Invest, 1982. 69(6): p. 1302-9.

117. Larsson, K., et al., Increased fracture risk in hypercalcemia.
Bone mineral content measured in hyperparathyroidism.
Acta Orthop Scand, 1989. 60(3): p. 268-70.

118. Silverberg, S.J., et al., Skeletal disease in primary hyper-
parathyroidism. J Bone Miner Res, 1989. 4(3): p. 283-91.

119. Agarwal, G., et al., Recovery pattern of patients with os-
teitis fibrosa cystica in primary hyperparathyroidism after
successful parathyroidectomy. Surgery, 2002. 132(6): p.
1075-83; discussion 1083-5.

120. Hayes, C.W. and W.F. Conway, Hyperparathyroidism. Ra-
diol Clin North Am, 1991. 29(1): p. 85-96.

121. DG., G., Metabolic bone diseases in Musculoskeletal Radi-
ology:. The Requisites (3rd ed). . 2002: Mosby

122. Chew, F.S. and F. Huang-Hellinger, Brown tumor. AJR Am
J Roentgenol, 1993. 160(4): p. 752.

123. Khan, A. and J. Bilezikian, Primary hyperparathyroidism:
pathophysiology and impact on bone. CMAJ, 2000. 163(2):
p. 184-7.

124. Nielsen, H., Familial occurrence, gastro-intestinal symp-
toms and mental disturbances in hyperparathyroidism.
Acta Med Scand, 1955. 151(5): p. 359-66.

125. Fitz, T.E. and B.L. Hallman, Mental changes associated with
hyperparathyroidism; report of two cases. AMA Arch In-
tern Med, 1952. 89(4): p. 547-51.

126. Reinfrank, R.F., Primary hyperparathyroidism with depres-
sion. Arch Intern Med, 1961. 108: p. 606-10.

127. Agras, S. and D.C. Oliveau, Primary Hyperparathyroidism
and Psychosis. Can Med Assoc J, 1964. 91: p. 1366-7.

128. Flanagan, T.A., D.W. Goodwin, and P. Alderson, Psychiatric
illness in a large family with familial hyperparathyroidism.
Br J Psychiatry, 1970. 117(541): p. 693-8.

129. Gatewood, J.W., C.H. Organ, Jr., and B.T. Mead, Mental
changes associated with hyperparathyroidism. Am J Psy-
chiatry, 1975. 132(2): p. 129-32.

130. Cogan, M.G., et al., Central nervous system manifestations
of hyperparathyroidism. Am J Med, 1978. 65(6): p. 963-70.

131. Orloff, L.A., et al., American Thyroid Association Statement
on Postoperative Hypoparathyroidism: Diagnosis, Preven-
tion, and Management in Adults. Thyroid, 2018. 28(7): p.
830-841.

132. Jobet N.Á., M.M.A., Complications of Parathyroid Surgery. ,
in Medical and Surgical Treatment of Parathyroid Diseases,
J.B. Stack, Bodenner D. (eds) Editor. 2017, Springer, Cham:
16 December 2016.

133. Witteveen, J.E., et al., Hungry bone syndrome: still a chal-
lenge in the post-operative management of primary hyper-
parathyroidism: a systematic review of the literature. Eur J
Endocrinol, 2013. 168(3): p. R45-53.

134. Udelsman, R., et al., The surgical management of asymp-
tomatic primary hyperparathyroidism: proceedings of the
Fourth International Workshop. J Clin Endocrinol Metab,
2014. 99(10): p. 3595-606.

Rodrigo Arrangoiz et al./ International Journal of Medical Reviews and Case Reports (2019) 3(11):730-741


