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INTRODUCTION
Why this document

The epidemiological and clinical profiles of prima-
ry hyperparathyroidism (PHPT) have changed
markedly over the past few decades. PHPT is now
one of the most frequent endocrine disorders in
clinical practice, with prevalence increasing with
age. The clinical presentation of PHPT has pro-
gressively shifted from the classic form, with kidney
stones, overt bone disease, and marked hypercal-
cemia, to a nearly or completely asymptomatic dis-
ease. Finally a fruste form of PHPT, normocalcemic
hyperparathyroidism (NCPHPT), is increasingly en-
countered with its diagnostic and therapeutic chal-
lenges.

The general consensus is that most patients with
symptomatic PHPT, if surgery is not contraindicat-
ed owing to comorbidities, should be referred for
parathyroidectomy (PTX), which remains the only
curative treatment. On the other hand, the indica-
tion for PTX in asymptomatic and often clinically
stable patients still remains controversial. Emerg-
ing evidence supports PTX even in asymptomatic
patients owing to advances in effectiveness and
safety of surgical procedures.
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The effectiveness of surgery is matched by new da-
ta on the efficacy of medical therapies, such as bis-
phosphonates and calcimimetics on disease-spe-
cific indices such as bone mineral density (BMD)
and serum calcium, respectively, and thus may rep-
resent a reasonable alternative for patients who
cannot undergo or refuse surgery.

Currently, PHPT is one of the leading reasons for
seeking endocrine consultation but still raises chal-
lenging questions for both the physicians and their
patients. Accordingly, the Italian Association of Clin-
ical Endocrinologists (AME) considered timely and
appropriate to assemble a panel of Italian experts
with the task of drafting a Position Statement about
clinical management of PHPT.

Methodology

The Grading of Recommendations, Assessment,
Development, and Evaluation (GRADE) system was
adopted for the present Position Statement (1-4).
Briefly, the GRADE system classifies evidence into
four quality levels (high, moderate, low, very low),
and recommendations into two grades (strong or
weak). The wording “we recommend” is used for
strong recommendations, whereas “we suggest”
denotes weak recommendations. The strength of
recommendations is not necessarily, although it is
in most cases, related to the levels of evidence. The
strength of the recommendations may be upgrad-
ed or downgraded by a number of other factors.
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For example, inconsistency of results, indirectness
of evidence, lack of precision and limited number of
relevant publications downgrade a recommenda-
tion. On the other hand, a large effect size may up-
grade a recommendation (3).

We have indicated as “recommendations” the
strong recommendations and as “suggestions” the
weak recommendations. Each recommendation is
based on quality of supporting evidence, down-
grading or upgrading factors, and the level of
agreement between the panel members.
Whenever possible, the level of evidence (LoE) has
been reported beside each quotation using the fol-
lowing symbols: very low (® OOO0), low (®®0OO),
moderate (®®®O), and high (®®®®) quality.
Briefly, “very low quality” evidence are the unsys-
tematic clinical observations (case report, case se-
ries) or very indirect evidence (i.e. surrogate end-
points); “low quality” evidence is from observa-
tional studies or randomized controlled trial (RCT)
with major limits; “moderate quality evidence” de-
rives from RCT with important limitations or from
rigorous observational studies; “high quality evi-
dence” are well-performed RCT and, exceptional-
ly, strong evidence from unbiased observational
studies (3).

GENERAL ISSUES

Epidemiology

Incidence, even though drawn from small series,
was reportedly 15-20 cases/100,000/yr, with age
peak at 65-75 yr, and prevalence was 0.1-0.4%, ris-
ing to 2% in women older than 55 yr (5, 6).

PHPT occurs more frequently in women (F), mostly
after menopause, than men (M): the ratio F:-M is 3:1,
increasing to 5:1 in elderly European patients (5, 6).

Classification

The sporadic PHPT is the most frequent (95% of
cases); hereditary forms are rare (<5%) and include:
multiple endocrine neoplasm (MEN) 1 and 2a, hy-
perparathyroidism-jaw tumor syndrome (HPT-JT),
familial isolated PHPT (FIHPT), and neonatal PHPT.
A single parathyroid adenoma is responsible for ap-
proximately 80-85% of cases of PHPT; in the re-
maining patients PHPT can be ascribed to multiple
adenomas or hyperplasia of all the glands. Parathy-
roid cancer is very rare (<0.5%).

The “symptomatic” PHPT, heralded by kidney
stones, overt bone disease, and marked hypercal-
cemia, is currently less common than the asymp-
tomatic form. Even though classic manifestations
of the disease are lacking, “asymptomatic” patients
frequently present with osteopenia or osteoporo-
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sis, as well as “non-traditional” manifestations, such
as cardiovascular (CV) and neurocognitive abnor-
malities.

Recently, a new clinical entity, NCPHPT, has been
identified but little is known about its natural histo-
ry, potential complications, and most appropriate
management.

Very rarely PHPT may occur during pregnancy, in
the newborn or as hypercalcemic crisis (acute hy-
perparathyroidism).

Natural history

In symptomatic patients, the benefits of PTX on the
classical and non-classical complications of the dis-
ease and on the risk of CV mortality are well docu-
mented.

Many patients with asymptomatic PHPT who are
followed conservatively remain asymptomatic for a
long time; clinical progression occurs in 23-62% at
10 yr (7). In asymptomatic PHPT, however, surgical
cure leads to a prompt increase of BMD. Finally,
despite some evidence on the association of
asymptomatic PHPT with CV and neuropsycholog-
ical manifestations, a clinically significant improve-
ment of these symptoms after surgery is still an area
of controversy.

DIAGNOSIS
Biochemical assessment of PHPT

The diagnosis of PHPT relies on the demonstration
of hypercalcemia with the concomitant finding of
elevated or inappropriately normal PTH concentra-
tions (8).

The total serum calcium concentration should be
used for both the initial and the repeated mea-
surements (9). If abnormalities in serum albumin
concentrations are suspected, calcium values
should be corrected for the abnormality in albumin
using the following formula (calcium measured in
mg/dl and albumin in g/dl):

measured serum calcium + [0.8 x (4 — measured al-
bumin)].

If a reliable method is available, a direct measure-
ment of the ionized calcium is advisable (8).

The measurement of intact PTH (1-84) molecule by
a two-site immunometric assay of at least second
generation is the preferred method of PTH mea-
surement (8).

The serum phosphorus is reduced in approximate-
ly 25% of patients with PHPT (9); hence the sensi-
tivity of its measurement for the diagnosis of PHPT
is low.

25-Hydroxyvitamin D (25-OH-D) should be mea-
sured in all patients with PHPT: 25-OH-D levels in



the range of deficiency (i.e. <20 ng/ml) (10, 11) were
found in 27 to 53% of these patients (12-15). When
a deficiency of 25-OH-D is confirmed, then a period
of treatment with vitamin D should ensue (8).

We recommend the concomitant determination of
total serum calcium and PTH to confirm the diag-
nosis of PHPT. Correction for serum albumin is rec-
ommended.

We suggest using ionized calcium determination
when a reliable assay is available.

We recommend evaluation of 25-OH-D status in
all patients with PHPT, in order to provide supple-
mentation if deficiency is found.

Differential diagnosis

A chronic asymptomatic hypercalcemia is sugges-
tive of PHPT, but the much less common possibili-
ty of benign familial hypocalciuric hypercalcemia
(FHH) should be ruled out (16). Urinary calcium ex-
cretion (UCa) is normal or increased in patients with
PHPT (7). The ratio of calcium clearance to creati-
nine clearance (measured in mg/d| either on a 24-
h or on a spot urinary collection) has been sug-
gested after the adequate repletion of vitamin D
for separating patients with FHH from those with
PHPT: the ratio is, respectively, lower and higher
than 0.010 (17, 18).

CLINICAL PRESENTATION AND EVALUATION
OF ORGAN DAMAGE

Symptomatic PHPT
Renal disease

The two main clinical renal manifestations of PHPT
are nephrolithiasis and nephrocalcinosis. Nephro-
lithiasis occurs in 20-40% of PHPT patients (in pre-
vious series before the eighties even 60%), and it
can present as asymptomatic in about 7% of pa-
tients with PHPT (19). Hypercalciuria, higher oxalate
excretion, and severe PHPT are associated with kid-
ney stones (20, 21). The risk of renal stone disease
decreases following PTX, up to normalization after
10 yr (22).

Nephrocalcinosis is rarely reported in PHPT patients
(3%). Risk factors are unknown and the effect of PTX
is negligible (8, 21).

The occurrence of nephrolithiasis or nephrocalci-
nosis has a significant impact in the therapeutic
strategy.

A reduction in glomerular filtration rate (GFR) is fre-
quent in PHPT, as a consequence of nephrolithiasis,
nephrocalcinosis, or severe hypercalcemia. The
prevalence and severity of renal insufficiency vary
considerably, with recent studies in PHPT report-
ing a 20-30% prevalence, including mild forms (23,
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24). The decline of renal function, even mild (24),
may worsen features of PHPT (hypertension, fre-
quency of diabetes, and bone alterations) even in
asymptomatic patients (25, 26).

The National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative guidelines recom-
mended the estimation of GFR through the modi-
fication of diet in renal disease (MDRD) equation or
the Cockroft-Gault equation (27). GFR at 60 ml/min
defines a threshold below which surgery is recom-
mended in asymptomatic PHPT (28).

For the evaluation of renal damage, serum creati-
nine and GFR are cost-effective and thus manda-
tory. As for imaging, ultrasonography (US) has be-
come very popular, owing to many advantages, in-
cluding low cost, widespread availability, and ab-
sence of radiation. US has limited specificity for the
detection of renal calculi because of confusion re-
lated to small stones and arcuate arteries, and can
image only the kidney and the proximal ureter.
However, US may detect silent kidney stones (29)
and its routine use appears suitable in PHPT pa-
tients (8, 28, 30-32).

We recommend serum creatinine and estimated
GFR evaluation.

We suggest routine use of kidney US in patients
with PHPT.

Bone disease

Cortical resorption is typical and an increased rate
of vertebral fractures has been reported in several
studies. However, all studies were retrospective or
limited by several biases (33). Recently, two case-
control studies (34, 35) remarked higher vertebral
fracture risk in patients with PHPT (most fractures
were mild), positively correlated with the severity
of PHPT and the degree of BMD decrease.
Osteitis fibrosa cystica (OFC), with bone cysts, os-
teoporosis, and brown tumors, is the classic skele-
tal manifestation of severe PHPT, with any bone po-
tentially affected as the disease progresses. OFC is
seldom observed nowadays (36).

Evaluation of bone damage. The most common ra-
diographic finding is decreased bone density but
unfortunately it is non-specific. Conventional ra-
diography can evidence soft tissue calcifications in
the joints and kidneys (37), but no specific radio-
graphic change is observed in most patients with
PHPT. When present, sub-periosteal bone resorp-
tion that can be seen on conventional X-rays of the
hands is diagnostic.

Spine X-ray examination is the gold standard to de-
tect vertebral fractures. Vertebral morphometry is
a semi-quantitative method to identify osteoporot-
ic vertebral fractures. It relies on the computation of
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relative changes when measuring different verte-
bral heights (38).

Dual-energy X-ray absorptiometry has become the
gold standard in the assessment of skeletal in-
volvement in PHPT (39). Most studies point to PTH
as a catabolic factor at cortical sites: BMD is indeed
reduced at the distal radius while the lumbar spine
is relatively well preserved. The hip region, con-
taining a relatively equal admixture of cortical and
cancellous elements, shows BMD that is interme-
diate between axial (spine) and appendicular (ra-
dius) sites (40, 41).

Several studies in patients with PHPT revealed that
successful surgery leads to sustained increases in
BMD at lumbar spine and hip.

BMD measurement is thus advisable at all sites for
the evaluation of most involved skeletal sites at di-
agnosis and to evaluate recovery after treatment.
PTX is very efficacious also in patients affected by
OFC, achieving higher increases in BMD at 3-4 yr
after surgery (42, 43). However, PTX and medical
anti-resorptive treatment were equally effective in
increasing BMD at 3 yr (44, 45).

We recommend against skeletal X-ray as routine
examination in PHPT.

We recommend BMD measurement at diagnosis
and at 1-2-yr intervals in individuals with PHPT who
do not undergo surgery (for follow-up after PTX see
below).

We suggest looking for vertebral fractures by ver-
tebral morphometry in PHPT patients with osteo-
porosis or related symptoms.

CV and metabolic involvement

The CV manifestations of PHPT are still being de-
bated or controversial. In older series of symp-
tomatic patients, CV mortality was reportedly in-
creased, but in less symptomatic patients CV in-
volvement is controversial: an increased CV mor-
tality was found in some retrospective European
studies (46-48) but not confirmed in an American
study (49). Curative surgery had positive effects on
hard CV endpoints in symptomatic PHPT (47) but
not in mild PHPT (50).

Hypertension is frequent in PHPT, but the lack of a
known pathophysiologic linkage and the erratic in-
consistent response (increase, decrease, and no
change) to PTX in retrospective small series (51-53)
cannot rule out a possible selection bias due to the
relatively high prevalence of both PHPT and hy-
pertension in the general population.

No data are available about the risk of coronary
artery disease in patients with PHPT.

Myocardial and valvular calcifications were report-
ed in symptomatic PHPT patients with marked hy-

percalcemia (54), but not in those with mild PHPT
and lower serum calcium (55).

Increased left ventricular mass, a predictor of CV mor-
tality, was found in PHPT in some studies (56, 57): its
decrease after surgery was observed in some small
series of patients with a short follow-up (56, 57).
Abnormalities of vascular system and of cardiac
function such as diastolic dysfunction were evalu-
ated without significant results in PHPT: increased
arterial stiffness, endothelial dysfunction and carotid
plaques were described in small series (58, 59).
Technical difficulty and limits in the reproducibility
of these measurements reduce the clinical implica-
tions of these findings.

Higher frequency of impaired glucose tolerance,
Type 2 diabetes, dyslipidemia, gout, and increased
body weight have been reported in PHPT together
with increased insulin resistance (46, 60, 61). Over-
all, these metabolic alterations have been found to
improve after surgical cure of PHPT, as well as CV
morbidity and mortality (46).

We suggest evaluating for CV involvement by mea-
suring arterial blood pressure, stratifying the CV risk
factors at diagnosis and after curative surgery for
PHPT. Other measurements cannot be recom-
mended for routine use.

Neurological, psychiatric, and cognitive
symptoms

Non-specific neuropsychiatric manifestations, such
as anxiety, cognitive difficulties, and somatic com-
plaints, may be found in symptomatic PHPT pa-
tients (62), but their recovery after PTX could not
be predicted.

Moreover, classical PHPT was found to be associ-
ated with a distinct neuromuscular syndrome char-
acterized by mostly Type 2-muscle cell atrophy
leading to easy fatigability, symmetric proximal
muscle weakness, and muscle atrophy (63, 64). An
improvement in muscle function was reported af-
ter PTX in most of the few studies focusing on this
topic (63, 64).

Psychological symptoms or complaints [depression,
anxiety, or poor quality of life (QOL)] were investi-
gated mainly in observational studies, with report-
ed improvements after PTX (65). However, RCT in
mild PHPT yielded contradictory results (66-68).
We suggest against routine formal testing for neu-
rological, psychiatric, and cognitive symptoms, but
it might be useful in some selected cases.

Other complications

These are nowadays seldom reported.
Gastrointestinal complaints, such as constipation,
nausea, vomiting, and abdominal pain due to large



bowel and gastric atony, have been associated to
hypercalcemia in PHPT (69). In some PHPT cases,
abdominal pain, nausea, and vomiting have been
related to peptic ulcer disease or pancreatitis (69).
Elevated serum calcium levels leading to a reduc-
tion in neuromuscular excitability and hypergas-
trinemia as well as deposition of calculi within the
pancreatic ductules have been proposed as
pathogenic factors of peptic ulcer disease and pan-
creatitis, respectively, in PHPT (69). After surgical
cure of PHPT peptic ulcers or ulcer symptoms may
or may not resolve, but variable improvement of
pancreatitis has been reported (69).

Asymptomatic PHPT

This is currently the most frequent form of presen-
tation of PHPT and is characterized by the absence
of classical manifestations of the disease. Never-
theless non-specific alterations that pertain both to
classical and non-classical target organs are de-
scribed (53, 60, 61, 67, 68, 70).

Most asymptomatic PHPT patients have reduced
BMD (53, 67, 68, 70). RCT have demonstrated im-
provement in BMD at the hip and lumbar spine re-
gions at 1 or 2 yr after PTX, without any significant
effect on cortical bone sites, such as the radius (53,
67, 68, 70). Also a long-term follow-up study after
surgery confirmed an increase in lumbar and
femoral neck BMD, without benefit at the radius
(71). On the other hand, many studies have estab-
lished that there is no clear progression of bone
disease if PTX is not performed (53, 67, 68, 70-72).
In fact, in short-term RCT, conservatively managed
patients demonstrated stable BMD at both the ra-
dius and lumbar spine sites while there was a small
but statistically significant decrease in total hip over
1-yr follow-up (67, 68, 70). In a long-term follow-up
study, BMD was stable in 79% while progressing in
21% of PHPT patients (71). A recent metanalysis
confirmed that untreated mild PHPT is not associ-
ated with continued accelerated bone loss at any
of the measured skeletal sites (73). In asymptomat-
ic PHPT there is evidence supporting an increased
fracture risk (74), while still lacking definitive evi-
dence that PTX reduces this risk.

CV alterations are also reported in asymptomatic PH-
PT (63). Whether this finding could increase CV mor-
bidity and mortality in mild PHPT is still matter of de-
bate (11, 48, 49, 75). Conclusive evidence of ame-
lioration in these alterations after PTX is still lacking.
Most patients with PHPT suffer from non-specific
psychiatric and cognitive symptoms (fatigue, lassi-
tude, mood swings, irritability, anxiety, depression,
difficulty in concentrating, and memory loss) that
affect their QOL (64). Overall, there is a growing
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body of evidence, though still not conclusive, show-
ing an improvement in QOL after curative PTX (67,
68, 70).

All our previous suggestions and recommendations
about symptomatic disease apply also to asymp-
tomatic patients.

Normocalcemic PHPT

The diagnosis of NCPHPT can be made in subjects
with persistently normal serum total and ionized cal-
cium but with elevated PTH levels, in whom sec-
ondary causes for an elevated PTH have been ex-
cluded (76, 77). The most common cause of sec-
ondary hyperparathyroidism is vitamin D deficiency.
After correcting vitamin D deficiency with supple-
mentation and excluding other causes of secondary
hyperparathyroidism (77), such as hypercalciuria,
reduced creatinine clearance (<60 ml/min), malab-
sorption, bisphosphonates, anticonvulsants, and
loop diuretics (furosemide), the persistence of nor-
mal calcium levels in the face of high serum PTH
makes it possible to diagnose NCPHPT.

The epidemiology of NCPHPT is still uncertain, with
prevalence ranging from 3 up to 20% (78, 79).
Different theories tried to explain the pathogenesis
of NCPHPT, from precocious subclinical phase of
PHPT, followed later by a clinical stage when hy-
percalcemia becomes overtly manifest, to a gener-
alized resistance to PTH at target tissues (76, 80,
81). NCPHPT has also been hypothesized as the
earliest form of symptomatic rather than asymp-
tomatic disease (76).

The natural history indicates that about 20% of pa-
tients with NCPHPT will progress to overt hyper-
calcemic illness throughout the years. However,
progression to hypercalcemia is not inevitable nor
is there any uniform time course for its develop-
ment (76, 81-83).

The treatment of NCPHPT is yet to be defined,
therefore, guidelines for the management of
asymptomatic PHPT (82) cannot be applied with
confidence to NCPHPT.

Familial forms

Familial forms account for 5% of PHPT cases (84). A
mutated gene was definitely linked to the disease
in three syndromes (Table 1) (85-87).

Table 1 - Familial forms of primary hyperparathyroidism.

Disease Mutated gene
MEN 1 MENT (85)
MEN 2a RET (86)
HPT-JT HPRT2 (87)
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Other mutations were identified rarely in other
genes (88) and some cases of FIHPT are still await-
ing the identification of mutated genes (89).

MEN 1 is an autosomal dominant disease involving
different endocrine organs, mainly parathyroid
glands (>90%), pancreas (40%), and pituitary (20%),
due to an inactivating mutation of MEN1, a tumor
suppressor gene. Other organs may be also affect-
ed: adrenals, thymus, lungs, and skin. PHPT in MEN
1 occurs in twenties (about 30 yr earlier than in the
sporadic form), without gender difference, with an
asymptomatic clinical course for years, until fifties
when over 90% of carriers is clinically affected. It
was suggested to suspect MEN 1 if PHPT occurs
before 50 yr and PTH values are in the normal
range (90). In these latter patients the ratio of cal-
cium clearance to creatinine clearance should be
measured (in order to exclude FHH), as well as the
other serum hormones that can be more frequent-
ly increased in MEN 1 (i.e. PRL, gastrin).

MEN 2a is an autosomal dominant disease due to
an activating mutation of the RET oncogene, iden-
tified in over 90% of familial forms. Clinical picture
include medullary thyroid carcinoma (95%), pheo-
chromocytoma (50%), and PHPT (30%). In this syn-
drome PHPT is commonly asymptomatic, with me-
dian age of 38 yr at presentation (91).

HPT-JT is a rare autosomal dominant disease due
to an inactivating mutation of HPRTZ2, a tumor sup-
pressor gene coding for parafibromin, encompass-
ing parathyroid asynchronous neoplasms (carcino-
ma in 15%), ossifying tumors of jaws (30%), kidney
tumors (15%, Wilm’s tumors, cysts, amarthomas),
and uterine fibromyomas. Other abdominal organs
may be involved too (92).

FIHPT are autosomal dominant diseases affecting
one or more parathyroid glands, without involve-
ment of the other endocrine glands seen in MEN
syndromes.

FHH is an important differential diagnosis. This is an
autosomal dominant disease due to an inactivating
mutation of the CaSR gene (93). This mutation in-
duces a right shift of the calcium-PTH set-point at
the parathyroid cell level as well as an increase in
renal tubular calcium reabsorption. FHH is not an
indication for PTX and persisting hypercalcemia af-
ter PTX should raise the suspicion of FHH. FHH is
to be ruled out in subjects with hypercalcemia and
hypocalciuria after ruling out drug interference (lithi-
um and thiazide diuretics above all) even when fam-
ily history of hypercalcemia is negative.

Use of genetic tests
These tests, aiming to identify carriers in patients
with known or suspected genetic disease, can:

e confirm diagnosis in the proband;
e confirm diagnosis in proband’s relatives with lit-
tle or no symptoms;
e rule out diagnosis in proband'’s relatives at risk.
Furthermore, genotyping in some familial forms im-
pacts on therapeutic choices (i.e. MEN 2) and fol-
low-up (i.e. FHH, HPT-JT) (8, 94).
Genetic tests are not able to identify all mutations
causing disease (94), owing to:
e sequence alterations in not analyzed regions (reg-
ulatory regions, introns);
e large deletions not detected by sequence analy-
sis;
e occurrence of mutation in a different gene.
Failure to identify mutation in a proband is more
frequent in sporadic than in familial forms and de-
pends on the evaluated gene (i.e. MEN 1 20-30%
vs MEN 2a 10%) (94, 95).
Mutations of MEN 1 gene are identified in 70% of
familial forms (where tumors occurs in proband and
in one first-degree relative bearing a major neo-
plasm of the syndrome) and in 7% of sporadic cas-
es (84). Genotyping is indicated to confirm clinical
diagnosis (even in atypical cases) and to identify
carriers. Familial screening is to be performed in
the first decade (94).
It is well-known the strict relationship between
genotype and phenotype in MEN 2a, with PHPT
more often associated to mutations in codon 634.
Screening for mutations in RET is crucial to stratify
the risk for medullary thyroid carcinoma (94).
Mutations in HRPT2 were identified in 70% of HPT-
JT (87), in parathyroid carcinomas (germline in 1/3),
and in some families previously diagnosed as FIH-
PT. In view of high prevalence of parathyroid carci-
nomas in carriers of germline mutations of HPRT2,
their identification is useful for clinical surveillance
and early treatment (96).
Genetic background of FIHPT is unknown: more
than 20% of them are reclassified after identifica-
tion of a mutation in CaSR, MEN 1, or HRPT2 (89).
FHH represents one main application of genetic
testing, because PTX is not indicated, whereas ho-
mozygotes have severe neonatal PHPT and require
total PTX within a few weeks from birth. The analy-
sis must be performed in patients with hypercal-
cemia with relative hypocalciuria (calcium clear-
ance/creatinine clearance <0.01) (17) and familial
hypercalcemia, as well as in patients with persist-
ing hypercalcemia after PTX. Disappointingly, no
mutation was identified in 30% of patients with clin-
ical suspicion of FHH (97).
We suggest referral of patients with familial forms
to tertiary level centers.
We recommend searching for mutation in MEN 1



to confirm clinical diagnosis (even in atypical cas-
es) and to identify carriers (in the first decade).
We suggest searching for mutation in HPRTZ in fa-
milial forms of PHPT not due to MEN 1 mutations or
in presence of parathyroid carcinoma.

We suggest searching for mutations of CaSR gene
in patients with biochemical findings suggestive for
FHH or when screening of the familial forms of PH-
PT is inconclusive and also in newborns with severe
hypercalcemia.

Other presentations
Hypercalcemic crisis

Hypercalcemic crisis due to PHPT is a life-threaten-
ing condition that is currently rarely seen (98). It has
been associated with higher serum calcium (=14
mg/dl) and PTH levels, larger parathyroid glands
and higher incidence of parathyroid carcinoma than
in PHPT without hypercalcemic crisis. Most com-
mon symptoms are mental status changes, includ-
ing somnolence and coma, as well as weakness,
nausea, vomiting, polyuria, dehydration followed
by oligo-anuria, and increased risk of arrhythmia
and pancreatitis (98). This condition should be
promptly recognized and treated.

Evaluation. The most important diagnostic clue is
the elevation of serum PTH levels that discriminates
from hypercalcemia of malignancy.

PHPT in pregnancy

PHPT is a rare presentation in pregnancy (99, 100).
However, PHPT must be taken into account since
it could have serious complications on both the
mother and fetus/newborn if it goes undiagnosed,
in both symptomatic and asymptomatic forms (99,
100). Maternal complications of PHPT (up to 67%
of cases) involve nephrolithiasis, bone disease, gas-
trointestinal complaints, hypertension, pre-/eclamp-
sia, hypercalcemic crisis, polyhydramnios, miscar-
riage (99, 100). Fetal and neonatal complications
of PHPT (up to 80% of cases) include intrauterine
fetal demise, pre-term delivery, low birth weight,
neonatal hypocalcemia with tetany, and neonatal
death (99, 100).

Serum calcium levels corrected for serum albumin
levels or ionized calcium should be assessed be-
fore and during pregnancy, particularly in women
with a history of miscarriage, and hypercalcemia
thoroughly investigated and treated (99, 100).

PROCEDURES FOR LOCALIZATION

Imaging studies have no role in the diagnosis of
PHPT. They should be taken into account for pre-
operative localization to plan the operative ap-
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proach when PHPT diagnosis has been established
by biochemistry. Unfortunately, imaging studies
may yield false positives and in case of visualization
of a single image suggestive for parathyroid ade-
noma, a multiglandular disease cannot be ruled out
(101).

First-line

Scintigraphy

Scintigraphy is an accurate non-invasive procedure
for the localization of parathyroid adenomas in both
eutopic and ectopic sites (102-105). A sensitivity of
84.5-98% and a specificity of 60-95.7% have been
reported (106, 107).

A specific tracer for parathyroid tissue does not ex-
ist. The most utilized is 99mTc-2-methoxy-isobutyl-
isonitryl (SestaMIBI) that is taken up by the thyroid
tissue as well. Sensitivity of SestaMIBI scintiscan may
be reduced in cases of multiglandular disease, small
size (<5 mm) parathyroid adenomas, chief-cells his-
tology, low proliferation index and/or functional ac-
tivity of the adenoma (108-111). On the other hand,
concomitant thyroid disease, such as hyperfunc-
tioning adenoma or neoplastic nodule, is a major
cause of false positive scintigraphic results (112).
The recent development of integrated single pho-
ton emission computed tomography (SPECT)/com-
puted tomography (CT) systems, combining gam-
ma-camera and CT in the same gantry, provides an
optimal fusion of metabolic (SPECT) and anatomic
(CT) images, further improving accuracy in ectopic
parathyroid adenomas and when neck anatomy is
distorted (113).

us

High-resolution US is a first-line tool for localizing
parathyroid adenoma in patients with PHPT (101-
104, 114-116). Even though US is operator-depen-
dent and does not provide any functional informa-
tion, it offers detailed information about parathy-
roid adenoma size, structure and anatomic rela-
tionship with contiguous neck structures, offering
the highest accuracy for correct quadrant localiza-
tion. Accordingly, US has been proposed as the sin-
gle best imaging technique for surgical planning in
mini-invasive, focused surgery (116-119).
Sensitivity and specificity of US range widely (55-
90%), both being affected by the skill of the exam-
iner, the occurrence of ectopic adenomas, the rate
of multiglandular disease, and the coexistence of
multinodular goiter (102, 104, 115). Furthermore,
central neck compartment lymph nodes, chronic
autoimmune thyroiditis pseudonodules and other
neck masses may be misdiagnosed as enlarged
parathyroid gland (102, 115).
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Occasionally, the suspicion of parathyroid carcino-
ma may be raised by non-specific findings (e.g.
large lesions with irregular and ill-defined margins,
infiltrating other neck structures) (115).

US vs scintigraphy

US and scintigraphy have proven to be equally ef-
fective as first-line tools for parathyroid localization.
It is generally acknowledged that the combination
of US and scintigraphy maximizes the likelihood of
a correct localization (102, 104, 105, 120). As com-
pared to scintigraphy, US offers the advantages of
lower costs without patient exposure to radiation.
More important, US is an anatomic imaging tech-
nique, offering a more accurate localization of the
correct quadrant and side (121, 122), as well as de-
tailed information about thyroid size and nodules,
lymph nodes, and other neck structures (102, 115).
SestaMIBI scintigraphy is more sensitive in the lo-
calization of ectopic adenomas (102-105, 123).
Taking into account that imaging procedures are not
to be used for diagnostic purposes, we recommend
performing imaging in all biochemically confirmed
PHPT, with the combined use of US and scintigra-
phy (possibly completed by SPECT) as first line.
We recommend that all patients referred to para-
thyroid surgery undergo neck US because a de-
tailed evaluation of thyroid gland as well as of cer-
vical lymph nodes is required.

Second-line
Magnetic resonance imaging and CT

Due to the accuracy of the first-line imaging studies,
the use of magnetic resonance imaging (MRI) and
CT in localization of parathyroid adenomas is quite
limited (101-105, 116). Nevertheless, in the few
available series, sensitivity and specificity of both
techniques are reportedly comparable to those of
scintigraphy (124-128).

CT and MRI are usually adopted in the following
settings: a) detailed visualization of a parathyroid
adenoma suggested by an ectopic (e.g. mediasti-
nal) uptake at SestaMIBI scintiscan; b) planning of
second surgery in patients with PHPT persistence.
They can be optionally used in patients with com-
plete negativity of the first-line imaging studies or
discrepancy in their results.

Parathyroid fine-needle aspiration biopsy

Parathyroid fine-needle aspiration biopsy (FNAB)
completed by intra-lesional PTH measurement has
proven to be an accurate technique for confirming
US localization in case of discrepant US and scintig-
raphy results or ambiguous US findings, especially
in patients undergoing re-operation (102, 106, 115,

129-134). Furthermore, it could play a role in preg-
nant women, where scintiscan cannot be employed.
In experienced hands, this technique seems to be
safe and devoid of relevant side effects (106, 131-
135). Caution against FNAB is advisable when
parathyroid carcinoma is suspected, as seeding of
cancer cells along fine needle track has been anec-
dotally reported (136, 137). Besides, FNAB may in-
duce fibrotic changes causing some problems in
the histological evaluation of parathyroid lesions
(138, 139).

Fluorodeoxyglucose-positron emission
tomography

The role of positron emission tomography (PET)
and PET/CT in the evaluation of PHPT is still to be
defined. Available results are promising yet still con-
troversial, and limited by the small series studied.
Identification of parathyroid adenomas not local-
ized by other imaging techniques with 18F-fluo-
rodeoxyglucose (FDG)-PET has been reported (140,
141); however, on a routine basis, 18F-FDG-PET
findings are difficult to be interpreted due to nor-
mal anatomic variants or benign uptake in neck re-
gion (brown fat, salivary glands, thyroid, inflamma-
tory lymph nodes).

11C-Methionine and 18F-DOPA seem promising
tracers but the experience is still quite limited (142-
144).

In conclusion, at present PET and PET/CT cannot
be recommended as routine localization proce-
dures in patients with PHPT and should be reserved
to selected cases, especially in patients previously
operated on.

Selective angiography or selective venous sampling
can be employed as third-line in selected cases in
patients undergoing re-operation.

We recommend MRI and/or CT when an ectopic
parathyroid adenoma is suspected.

We recommend MRI and/or CT when both US and
scintigraphy are not conclusive in patients under-
going second surgery.

We recommend parathyroid FNAB with intrale-
sional PTH measurement as a second-line tech-
nique in case of ambiguous and/or discrepant US
and scintigraphy findings.

TREATMENT
Why and how
Aim of the treatment is normalizing serum calcium
and PTH, and reverting to normal the risk of co-
morbidities associated to PHPT. When PHPT is ef-
fectively cured, most of its clinical consequences



usually regress. Observational studies demonstrate
that effective PTX is followed by improvement in
BMD, and reduction in fracture rate and kidney
stone frequency. The data addressing neurocogni-
tive symptoms are less solid, and little is known
about the CV profile of PHPT, but both these as-
pects could be positively influenced by PTX (145).

Indications to surgery

There is a general agreement that surgery is the
first-line treatment for all patients with symptomat-
ic PHTP, unless surgery is strongly contraindicated,
because it is the only curative treatment. The vast
majority of patients will be cured by PTX if surgery
is performed by a skilled surgeon. The expected
benefit is large in patients with gross bone in-
volvement (osteoporosis, PTH-related bone focal
lesions), severe hypercalcemia or hypercalcemic cri-
sis, and clinically relevant kidney stones.

Open issues

A long-standing debate is still ongoing about the

asymptomatic forms of PHPT, specifically addressed

by the 2008 Third International Workshop on

Asymptomatic Primary Hyperparathyroidism.

Surgery should be considered as definitive cure al-

so in this case, but asymptomatic patients should

be selected for surgery primarily on the basis of the

severity of disease. The 2008 Workshop (82) indi-

cates surgery is appropriate to be considered in all

patients and should be recommended for the fol-

lowing asymptomatic PHPT patients:

e hypercalcemia more than 1 mg/dl above the up-
per limits of normal

or

e creatinine clearance <60 ml/min

or

e post-menopausal women and men >50 yr with T-
score <2.5 SD at any site or previous fragility frac-
ture; pre-menopausal women and men <50 yr
with Z-score 2.5 SD (lumbar spine, femoral neck,
total hip, or radius)

or

eage <50 yr.

The pre-operative localization of parathyroid ade-

noma has become a routine procedure. A success-

ful pre-operative imaging localization is a strong

factor, which plays a role in addressing the patient

to surgical procedure even when clinical severity of

PHPT is relatively low or in an asymptomatic pa-

tient. Even though drugs may ameliorate bone dis-

ease and control hypercalcemia, only surgery may

ensure the normalization of the whole spectrum of

clinical manifestations associated with PHPT, even

in its mild “asymptomatic” form. It has been dem-
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onstrated that a positive preoperative scintigraphy

increases the surgical cure rate of PHPT from 92.7%

to 99.3% (146). Furthermore, pre-operative local-

ization of parathyroid gland abnormalities allows
patients to undergo unilateral neck exploration

(UNE), as opposed to bilateral neck exploration

(BNE), so potentially decreasing operative times,

duration of hospitalization, and patient morbidity

(147). On the opposite, a negative pre-operative

imaging localization increases the risk of unsuc-

cessful surgery (148). Comparing cure rate in 499

consecutive patients with negative and positive pre-

operative localization, Harari et al. (149) demon-

strated that the formers a) had lower cure rate; b)

required more frozen sections; c) required longer

surgical time; and d) were more likely to require

BNE. They concluded that PHPT patients without

pre-operative adenoma localization are more com-

plex patients, requiring referral to highly experi-
enced surgical teams in order to obtain higher suc-
cess rate. The extent of surgery required by these
patients is wider than in patients with positive lo-
calization, resulting more frequently in partial thy-
roidectomy, partial thymectomy, surgical re-explo-

ration, or other extensive surgical procedures (150).

Accordingly, the therapeutic decision-making pro-

cess is based on the balanced evaluation of all the

following issues: 1) severity of PHPT, 2) patient’s
clinical assessment and values, and 3) the outcome
of pre-operative localization.

We recommend surgery in:

e patients with symptomatic PHPT;

e patients with asymptomatic disease addressing
one or more of the criteria indicated by the 2008
Workshop on asymptomatic PHPT.

We suggest surgery also in patients with asymp-
tomatic disease addressing none of the criteria in-
dicated by the 2008 Workshop on asymptomatic
PHPT, if pre-operative parathyroid adenoma local-
ization is positive by first-line imaging studies and if
a skilled surgeon is available.
We suggest conservative treatment in patients with
asymptomatic disease addressing none of the cri-
teria indicated by the 2008 Workshop on asymp-
tomatic PHPT, if pre-operative parathyroid adeno-
ma localization is negative by first-line imaging
studies.

Surgery

PTX is the only treatment able to cure PHPT by re-
moving all hyperfunctioning tissue.

Techniques and intra-operative PTH assay
Available surgical approaches are:
¢ BNE, allowing the inspection of all parathyroid
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glands with the excision of those looking patho-
logical. In hyperplasia, involving by definition all
the glands, available options are subtotal PTX (i.e.
ablation of 3 glands and % of the fourth) and to-
tal PTX combined with auto-transplantation (some
parathyroid fragments are implanted into a fore-
arm muscle).

¢ UNE, allowing the excision of the previously iden-
tified adenoma with the concomitant inspection
of the ipsilateral gland.

e Minimally Invasive Parathyroidectomy (MIP) is the
focused and selective removal of the previously
identified adenoma. MIP can be performed by a
little cutaneous cut (MIP-open), by optical fibers
(MIVAP), or by a probe catching the radioactivity
previously accumulated in parathyroid glands
(MIRP).

MIP and UNE must be performed only after suc-

cessful pre-operative localization.

MIP can be performed during loco-regional anes-

thesia, achieving lower post-operative pain as com-

pared to narcosis (151).

Intra-operative PTH assay (ioPTH) aims to assess

cure (i.e. resection of all hyperfunctioning tissue) by

evaluating hormonal fall during surgery. Several
studies addressed this topic, but few were con-
trolled and very few randomized (152). Different
protocols for sampling times and cut-offs for cure
were proposed. The best balanced protocol was
agreed on in Miami-criterion (153): a fall in PTH
greater than 50% from the highest of either the pre-
incision or the pre-excision level at 10 min after
gland excision is highly predictive of cure. This test
is very reliable in uniglandular disease, whereas in
multiglandular disease a more restrictive cut-off is

advocated (i.e. PTH fall greater than 70%).

Since ioPTH would be an useful tool to confirm suc-

cessful surgery in all patients submitted to PTX, we

recommend performing ioPTH during MIP/UNE:

* when pre-operative localization by scintiscan and
US is doubtful or discordant

e when pre-operative localization is based on a sin-
gle study

e during repetitive surgery.

Extent of surgery and results

The choice among different approaches is still de-
bated. UNE is contraindicated in patients with pre-
vious cervical surgery, large adenomas, genetic and
familiar forms of PHPT, lithium treatment, medium-
large sized goiter, and parathyroid carcinoma.

BNE, the only approach performed until few years
ago, enables cure in over 95% of PHPT, with mor-
bidity lower than 2-3%. Randomized trials compar-
ing BNE to UNE or MIP have been performed, all
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but one with short follow-up (154). The unilateral
approach (either UNE or MIP) performed by a
skilled surgeon yields the same cure rate of BNE,
with the additional advantage of decreasing post-
operative pain and hypocalcemia, as well as short-
ening surgical time and in-hospital days (155, 156).
No trial has compared UNE vs MIP.
Since the outcome of MIP-open and MIVAP was
largely similar, according to the few randomized
studies (157), the choice between these two op-
tions is a matter of individual preference of the sin-
gle surgeon.
As for MIRP, results are controversial. The only ran-
domized study comparing MIRP vs BNE showed
the same cure rate (158). Retrospective studies on
the routine use of MIRP, with or without pre-oper-
ative scintigraphic localization, reported excellent
results, but without either control group or confir-
mation in other trials (159-161). MIRP can play a
role in selected cases: re-operation or parathyroid
ectopy in patients without nodular thyroid disease
and with pre-operative positive scintigraphy.
A study in 1158 patients (162) threw shadow on
long-term cure after MIP (or UNE). After focused
removal of the pre-operatively localized patholog-
ical gland, resulting in ioPTH fall consistent with
cure, surgeon performed BNE, removing other en-
larged hypercellular glands in 16% of patients.
These features are regarded as potential source of
PHPT relapse, even though others dispute their
compulsory pathologic meaning (163).
If a single gland is pre-operatively identified, we
recommend:
¢ MIP or UNE if scintigraphy and US are concordant;
¢ BNE or MIP/UNE with ioPTH if scintigraphy and
US are discordant or only one is positive.
If more than one gland is pre-operatively identified
or both scintigraphy and US are negative, we rec-
ommend BNE.
We recommend referral of patients to a skilled sur-
geon.
As for surgery in genetic and familial PHPT, bear-
ing higher rate of persisting/relapsing disease, no
prospective randomized trial has been performed.
Surgery must aim to obtain the highest cure rate
with the lowest rate of complications, as well as
to get easier the re-operation in the case it would
be required. BNE is the main indication, involving
thymectomy and cryo-preservation of parathyroid
tissue. In well-selected cases, such as relapse with
positive pre-operative localization, MIP can be ap-
plied, and even better MIRP. |IoPTH can be use-
fully employed with cut-offs for cure more restric-
tive than those used in the sporadic forms (164,
165).



According to the different involvement of parathy-

roid glands in the different diseases, we suggest

performing:

ein MEN 1 subtotal PTX or, as second option, total
PTX + auto-transplantation;

ein MEN 2A and other non-MEN familial forms
(HPT-JT syndrome, FIHPT, autosomal dominant
mild PHPT) removal of enlarged glands only.

PHPT and nodular goiter

Nodular thyroid disease is present in up to 70% of

PHPT patients, mostly in regions of endemic iodine

deficiency. Prevalence of differentiated thyroid car-

cinoma is higher in these patients (166).

It is advisable to treat nodular thyroid disease con-

comitantly to PHPT, in order to avoid repetitive

surgery that would be more worrisome owing to
post-surgical adhesions, in particular after BNE.

Even MIP can induce adhesions, mostly after re-

section of posterior parathyroid glands.

Since MIP does not allow an optimal intra-opera-

tive evaluation of thyroid nodules, a pre-operative

thyroid US study is warranted.

Only a few retrospective studies were performed

about treatment of PHPT in the context of nodular

thyroid disease. There are no widely accepted cri-

teria, beyond a broad indication for BNE (165, 167).

Guidelines suggest thyroidectomy, mostly if nodu-

lar thyroid disease is ipsilateral to parathyroid ade-

noma (168).

We suggest:

e MIP/UNE when there is indication for hemithy-
roidectomy that is ipsilateral to pre-operatively lo-
calized pathologic parathyroid gland;

¢ BNE in all the other situations of PHPT and surgi-
cal goiter.

Medical management

Some patients with PHPT require medical man-
agement because unfitting surgical criteria, failed
surgery, comorbidities precluding surgery, or re-
fusal of surgery.

Targeting bone

The combined evaluation of patient’'s BMD and frac-
ture risk profile may help in selecting patients to be
treated. Even though the FRAX algorithm endorsed
by World Health Organization to estimate fracture
risk has not been validated in PHPT, it is the tool
commonly employed in evaluating fracture risk in
secondary osteoporosis. The proposed thresholds
for pharmacologic treatment (10-yr risk greater than
20% for any fracture or greater than 3% for hip frac-
ture) cannot be applied mechanically to PHPT pa-
tients, but FRAX use is encouraged as well.
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A number of drugs active on bone have been test-
ed in PHPT. The quality of evidence collected for
clodronate (169) and raloxifene (170) is low, and no
convincing evidence about the efficacy of these
drugs is at present available.

It has been reported that hormone replacement ther-
apy (HRT) increases BMD and decreases fracture risk
(171). However, in consideration of the expected
long-term duration of bone-targeted therapy in PH-
PT and taking into account its clinically relevant side
effects, HRT does not seem advisable in this setting.
A double-blind, placebo-controlled, cross-over
study with alendronate (45) enrolling PHPT patients
with T-score <-1.0 at one or more skeletal sites,
demonstrated the efficacy of 10-mg/day oral alen-
dronate in decreasing bone turnover and increasing
BMD at femoral neck and lumbar spine in a 2-yr pe-
riod with respect to baseline.

A recent meta-analysis of 40 observational studies
and RCT (73) has evaluated the effects of surgical
treatment, medical treatment and no treatment on
BMD in mild PHPT. The point estimates of the
meta-analysis suggest that PTX and anti-resorptive
therapy provide similar beneficial skeletal effects in
patients with mild PHPT, and that either option is
preferable to no treatment.

Successful surgery is usually followed by ameliora-
tion of BMD values. Sometimes this does not oc-
cur, it occurs slowly, or the bone situation is severe-
ly compromised. It seems reasonable to consider
alendronate effective, and its administration en-
couraged, also in these situations.

We recommend considering treatment with alen-
dronate in non-operated patients with PHPT with
high-risk profile for fractures.

If the recovery of good bone health status is un-
satisfactory after successful PTX, we suggest that
alendronate treatment should be advised as well.
As a practical tool, alendronate may be started for
T-score <-1.5/-2.0 SD and <-2.0/-2.5 SD in PHPT
patients with and without additional risk factors for
osteoporosis, respectively. Since these BMD thresh-
olds are arbitrarily set, they are to be regarded as
merely suggestive. Neither Food and Drug Ad-
ministration (FDA) nor European Medicine Agency
(EMA) have approved alendronate for osteoporosis
secondary to PHPT. Thus, the use of alendronate
is off-label in this setting.

Vitamin D insufficiency is common in patients with
PHPT and may be associated with more severe and
progressive disease. There is evidence that vitamin
D-deficient patients have increased risk of fractures
with respect to vitamin D-replete patients (172, 173).
No change in BMD at either the lumbar spine or
femoral neck has been demonstrated following
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cholecalciferol repletion in these patients, so that the
clinical benefits associated with vitamin D repletion
in PHPT patients are poor, and no undisputable as-
sumption with regard to bone health can be drawn.
However, repletion with cholecalciferol at usual
dosages is safe and does not exacerbate hypercal-
cemia in vitamin D-deficient PHPT patients (14).
We suggest vitamin D supplementation in vitamin
D-deficient patients with PHPT, as currently done
for non-PHPT patients.

Targeting hypercalcemia

Hypercalcemia must be always specifically ad-
dressed when moderate-severe, i.e. serum calcium
levels are 212 mg/dl. In any case drugs inducing
hypercalcemia, such as thiazides, calcium salts, vi-
tamin D or its analogs, as well as digitalis that may
produce cardiac arrest, must be stopped. Treat-
ment should start with adequate intravenous hy-
dration followed by furosemide. Intravenous bis-
phosphonates (clodronate, ibandronate, pami-
dronate, zoledronate) should be administered until
serum calcium levels reduction and patient stabi-
lization. Calcitonin or glucocorticoids may be con-
sidered as well. If diuresis is restricted and therapy
is ineffective within few hours, in severe cases
hemodialysis with a dialysis bath low in or free of
calcium is the treatment of choice (98). When pa-
tients are stabilized, calcimimetics could be ad-
ministered to control hypercalcemia. However, ex-
peditious PTX performed by an experienced sur-
geon remains the definitive cure (98).
Calcimimetics are allosteric modulators of the CaSR
located on cells of the parathyroid gland, able to
inhibit PTH gene transcription, PTH secretion, and
parathyroid cell proliferation. As a consequence,
they reduce blood calcium levels. Initially devel-
oped for hyperparathyroidism secondary to renal
insufficiency, the calcimimetic cinacalcet has been
tested in PHPT. In a long-term study (174) cinacal-
cet 30 mg twice daily orally for up to 5.5 yr main-
tained normocalcemia with no significant effects on
BMD. Marcocci et al (175) have demonstrated the
efficacy of cinacalcet in patients with PHPT unre-
solved after PTX or with contraindication to PTX
with a serum calcium concentration greater than
12.5 mg/dl.

Cinacalcet is approved by EMA in “primary HPT for
whom PTX would be indicated on the basis of
serum calcium levels (as defined by relevant treat-
ment guidelines), but in whom PTXis not clinically
appropriate or is contraindicated” (http://
www.ema.europa.eu/ema/index.jsp?curl=pages/m
edicines/human/medicines/000570/human_med_0
00903 jsp&murl=menus/medicines/medicines.jsp&
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mid=WCO0b01ac058001d125), and by FDA for
“treatment of severe hypercalcemia in patients with
PHPT who are unable to undergo PTX".
Cinacalcet is well tolerated at low doses but mod-
erate or high doses are often associated to adverse
events that may require drug withdrawal.

In severe hypercalcemia we recommend adequate
hydration and a stepwise approach with furosemide
and iv bisphosphonates according to hypercal-
cemia degree.

We suggest considering cinacalcet treatment (start-
ing with 30 mg/day and escalating along labeling
indications according to blood calcium levels and
tolerability) in PHPT patients with calcemia more
than 1 mg/dl above the upper normal limit and one
of the following:

e contraindications to surgery

e unwilling to have surgery

e previously unsuccessful PTX with persisting PHPT
e relapsing PHPT

e long time interval before surgery.

Targeting kidney

Though there are no guidelines or RCT addressing
the medical management targeting kidney in PH-
PT, this should involve regular follow-up to assess
renal status and measures to manage kidney stones
(21) and preserve renal function. The lItalian Soci-
ety of Nephrology has released recommendations
for the management of kidney stones (176) and re-
nal failure (177).

We suggest following the guidelines released by
scientific societies of Nephrology for the clinical
management of kidney stones and renal failure,
keeping in mind that they do not specifically ad-
dress PHPT patients.

Treatment of PHPT in pregnancy

Surgical cure of PHPT has been reported to de-
crease the rate of maternal and fetal complications,
whereas major complications are reportedly higher
with conservative treatment (100).

Pharmacological treatment is the first choice in the
1st trimester. Pregnant women with symptomatic
PHPT and serum calcium levels 212 mg/dl should
receive iv hydration followed by iv furosemide as
in-patient, considering calcitonin in women with in-
adequate fall of serum calcium. Moreover, once PH-
PT symptoms and hypercalcemia have been med-
ically treated successfully, conservative manage-
ment with increased oral fluids, decreased calcium
intake and/or increased oral phosphate could be
performed (99). Anyway, the lack of response when
serum calcium level is high and clinical picture is
dreadful must prompt surgery, even in an emer-



gency setting. PTX is best performed in the 2nd

trimester, whereas in the 3rd trimester PTX is still

matter of debate and needs to be evaluated on an

individual basis.

We recommend PTX for:

e all women with PHPT during fertile age before
planning pregnancy.

We recommend PTX in:

e all pregnant women with symptomatic/severe PH-
PT.

We suggest that PTX should be offered even to

pregnant women with asymptomatic/mild PHPT.

We recommend performing PTX (MIP if possible)

during the 2nd trimester.

FOLLOW-UP

Operated on patients
Biochemical follow-up

The early decrease of serum calcium levels to low-
normal values in the first hours following surgery
heralds cure of PHPT, with vast majority of patients
maintaining normal calcium levels in the next
weeks/months. Nonetheless successful surgery may
occasionally be followed by slow post-operative cal-
cium decrease. Persistent normocalcemia 6 months
after surgery depicts curative surgery.

The occurrence of post-surgical hypocalcemia has
been minimized by focused, minimally invasive sur-
gical approaches; yet, symptomatic hypocalcemia
may be still observed after bilateral PTX and/or in
patients with long-standing severe PHPT featuring
marked hypercalcemia (155, 178-181).

Long-term surveillance for possible PHPT recur-
rence is not needed in patients featuring normal
biochemical profile at 6 months after surgery for
sporadic PHPT (182). However, the possibility of un-
detected multiglandular and/or familial forms of
PHPT should be taken into account.

In patients whose serum calcium levels normalized
after PTX, high serum PTH levels (still detected in 9-
62%) are not to be regarded as operative failure.
This finding is usually transient (fading within a few
months), seemingly related to the recovery of bone
mineralization (the so called "hungry bone” syn-
drome). Accordingly, calcium and/or vitamin D sup-
plementation normalizes PTH elevation (183).

Clinical follow-up

Patients surgically cured are typically protected
from further bone loss and a marked recovery of
BMD may be expected (24, 67, 70, 184). The ben-
eficial effect of surgical cure on BMD may be al-
ready apparent after 6-12 months at some sites,
while the increase of BMD ranges from 3.8%
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(femoral neck) to 8.4% (lumbar spine) at 2 yr after
PTX (68, 70).

Surgical cure has been followed by a decline of PH-
PT-associated CV mortality in symptomatic disease
(47,53, 56, 58, 185, 186). Long-term CV monitoring
is not routinely required after surgical cure, and
should be reserved only to patients with specific
risk factors.

A clear-cut reduction of renal complications is ob-
served after PTX (24, 22, 187); yet, surveillance of
renal function and/or periodic abdominal US may
still be required on individual basis after PTX.
Although some studies suggest that QOL and psy-
chological functioning benefit from PTX (66-68, 70,
188), the clinical utility of monitoring neuropsycho-
logical functions in patients operated on for PHPT
has not yet been demonstrated.

We recommend close calcium monitoring before
early discharge of patients operated on for severe
PHPT or after bilateral PTX.

We suggest against long-term surveillance for spo-
radic PHPT recurrence in patients who are persis-
tently normocalcemic after PTX.

We recommend assessing BMD at 1-2 yr after
surgery to establish the effects of PTX.

Non-operated on patients

The management of patients with overt PHPT not
amenable to surgical treatment shall encompass
the following issues:

e close (e.g. every 3 months) biochemical surveil-
lance;

e BMD monitoring;

e surveillance of CV and neuropsychological func-
tions.

In the last decades, the natural history of untreated

mild/asymptomatic PHPT has been addressed by

a number of studies. Although the overall number

of patients is too limited to draw definite conclu-

sions, the available evidence may be summarized
as follows.

e A varying percentage (13.5-37.5%) of untreated
patients with mild/asymptomatic PHPT is expect-
ed to show some signs of biochemical and/or clin-
ical progression over a 10-15-yr period (24, 187).

e In the short term (1-2 yr) most observational or
prospective studies failed to observe a decline of
BMD in untreated patients (67, 68). However, a
>10% of bone loss in the femoral neck and/or the
distal radius (i.e. sites rich in cortical bone) has
been reported in 29/49 patients not referred to
PTX followed-up for 10-15 yr (24).

e Surveillance of patients with mild PHPT is not
clearly associated with the development or wors-
ening of neuropsychological and/or CV dysfunc-
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tions (53, 67), and survival is apparently unaffect-
ed by conservative management (49).

In non-operated patients:

* we recommend a long-term follow-up based on
yearly biochemical assessment and BMD evalua-
tion every 2 yr;

* we recommend the adoption of pharmacological
treatment aimed to calcium level control and pre-
vention of fractures (see above) whenever needed.

Genetic and familial forms

Since carrier status can be defined even 20 yr be-
fore of clinical manifestations, identification of MEN
1 status helps in clinical management of patients
and their relatives. In carriers calcium and PTH lev-
els must be assayed yearly. This monitoring must
be life-long because penetrance and severity (i.e.
malignancy) of disease cannot be predicted in the
individual. This allows lower morbidity at diagnosis
and during follow-up, because an early diagnosis
of neoplasm (even 10 yr before the clinical mani-
festations) enables early resection. It is to be un-
derlined, however, that there is no consensus on
prophylactic ablation, resulting in controversy about
the usefulness of presymptomatic screening.

In MEN 2a calcium and PTH levels are to be as-
sayed yearly in carriers as well as in subjects with
familial history of PHPT.

In carriers of mutation of HRPT2 gene calcium and
PTH levels are to be assayed yearly.

We recommend yearly life-long monitoring of cal-
cium and PTH levels in carriers of MEN 1, RET, and
HRPTZ2 gene mutations.

CLOSING REMARKS

The ltalian Association of Clinical Endocrinologists
(AME) is releasing this Position Statement on PHPT
in order to help clinicians to manage this disease in an
appropriate way. The epidemiological and clinical
profile of PHPT has markedly changed. The disease is
now very frequent and is the third most common en-
docrine disorder after diabetes and thyroid disorders.
However, the classic form of the disease, with kidney
stones, overt bone disease, and marked hypercal-
cemia, is rare, progressively substituted by mild,
asymptomatic, and normocalcemic variants, each with
its own diagnostic and therapeutic challenges.

The statement leads the reader through a logical
pathway addressing biochemical diagnosis, organ
damage (classic and non-classic), procedures for lo-
calization of hyperfunctioning gland(s) and finally
treatment. It is clearly stated that PTX is still the on-
ly curative treatment with high success rate in ex-
perienced hands; nevertheless, conservative med-

ical treatment has a recognized and appropriate
role in specific situations. Clinicians will find useful
the thorough discussion about the surgical indica-
tions in borderline situations and the well-defined
active role of imaging in clinical decision-making.
Finally, a section has been dedicated to address-
ing PHPT and pregnancy.

We are confident that clinicians will find useful this
updated effort that will help them in everyday prac-
tice.

ACKNOWLEDGMENTS

Vito Guarnieri from Casa Sollievo della Sofferenza IRCCS, San
Giovanni Rotondo (Foggia) contributed to the section on biolo-
gy of familial forms.

Disclosure statement

Andrea Frasoldati and Claudio Marcocci consulted for Amgen in
the past, all other authors have nothing to disclose.

REFERENCES

1. GRADE Working Group website.
http://www.gradeworkinggroup.org

2. Atkins D, Best D, Briss PA, et al; GRADE Working Group.
Grading quality of evidence and strength of recommen-
dations. Br Med J 2004, 328: 1490.

3. Swiglo BA, Murad MH, Schiinemann HJ, et al. A case for clar-
ity, consistency, and helpfulness: state-of-the-art clinical prac-
tice guidelines in endocrinology using the Grading of
Recommendations, Assessment, Development, and
Evaluation System. J Clin Endocrinol Metab 2008, 93: 666-73.

4. Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerg-
ing consensus on rating quality of evidence and strength
of recommendations. Br Med J 2008, 336: 924-6.

5. Lundgren E, Hagstréom EG, Lundin J, et al. Primary hyper-
parathyroidism revisited in menopausal women with serum
calcium in the upper normal range at population-based
screening 8 years ago. World J Surg 2002, 26: 931-6.

6. Wermers RA, Khosla S, Atkinson EJ, et al. Incidence of pri-
mary hyperparathyroidism in Rochester, Minnesota, 1993-
2001: an update on the changing epidemiology of the dis-
ease. J Bone Min Res 2006, 21: 171-7.

7. AACE/AAES Task Force on Primary Hyperparathyroidism.
The American Association of Clinical Endocrinologists and
the American Association of Endocrine Surgeons position
statement on the diagnosis and management of primary
hyperparathyroidism. Endocr Pract 2005, 11: 49-4.

8. Eastell R, Arnold A, Brandi ML, et al. Diagnosis of asymp-
tomatic primary hyperparathyroidism: proceedings of the
third international workshop. J Clin Endocrinol Metab
2009, 94: 340-50.

9. Bilezikian JP. Primary Hyperparathyroidism. In: De Groot LJ
(ed). Endotext. Available at: http://www.endotext.org
/parathyroid/parathyroid5/parathyroidframe5.htm.

10. Lips P. Vitamin D deficiency and secondary hyperparathy-
roidism in the elderly: consequences for bone loss and



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

fractures and therapeutic implications. Endocr Rev 2001,
22:477-501.

Marcocci C, Cetani F. Clinical practice. Primary hyper-
parathyroidism. N Engl J Med 2011, 365: 2389-97.

Tucci JR. Vitamin D therapy in patients with primary hy-
perparathyroidism and hypovitaminosis D. Eur J Endocrinol
2009, 161: 189-93. (LoE ®®00)

Souberbielle JC, Maury E, Friedlander G, Cormier C.
Vitamin D and primary hyperparathyroidism (PHPT). J
Steroid Biochem Mol Biol 2010, 121: 199-203.

Grey A, Lucas J, Horne A, Gamble G, Davidson JS, Reid IR.
Vitamin D repletion in patients with primary hyper-
parathyroidism and coexistent vitamin D insufficiency. J
Clin Endocrinol Metab 2005, 90: 2122-6. (LoE ®®®O)

Carnevale V, Manfredi G, Romagnoli E, et al. Vitamin D
status in female patients with primary hyperparathyroidism:
does it play a role in skeletal damage? Clin Endocrinol
(Oxf) 2004, 60: 81-6.

Christensen SE, Nissen PH, Vestergaard P, et al. Plasma
25-hydroxyvitamin D, 1,25-dihydroxyvitamin D, and
parathyroid hormone in familial hypocalciuric hypercal-
cemia and primary hyperparathyroidism. Eur J Endocrinol
2008, 159: 719-27.

Christensen SE, Nissen PH, Vestergaard P, et al. Discrimi-
native power of three indices of renal calcium excretion
for the distinction between familial hypocalciuric hyper-
calcaemia and primary hyperparathyroidism: a follow-up
study on methods. Clin Endocrinol (Oxf) 2008, 69: 713-20.

Brown EM. Disorders of the calcium-sensing receptor:
Familial hypocalciuric hypercalcemia and autosomal dom-
inant hypocalcemia. Uptodate (last updated: May 11th,
2012). Available at: http://www.uptodate.com/contents
/disorders-of-the-calcium-sensing-receptor-familial-
hypocalciuric-hypercalcemia-and-autosomal-dominant-
hypocalcemia

Suh JM, Cronan JJ, Monchik JM. Primary hyperparathy-
roidism: is there an increased prevalence of renal stone
disease? AJR Am J Roentgenol 2008, 191: 908-11. (LoE
®®00)

Corbetta S, Baccarelli A, Aroldi A, et al. Risk factors asso-
ciated to kidney stones in primary hyperparathyroidism. J
Endocrinol Invest 2005, 28: 122-8.

Rejnmark L, Vestergaard P, Mosekilde L. Nephrolithiasis
and Renal Calcifications in Primary Hyperparathyroidism. J
Clin Endocrinol Metab 2011, 96: 2377-85.

Mollerup CL, Vestergaard P, Frekjaer VG, Mosekilde L,
Christiansen P, Blichert-Toft M. Risk of renal stone events
in primary hyperparathyroidism before and after parathy-
roid surgery: controlled retrospective follow up study. BMJ
2002, 325: 807. (LoE ®®00)

Yamashita H, Noguchi S, Uchino S, et al. Influence of renal
function on clinico-pathological features of primary hy-
perparathyroidism. Eur J Endocrinol 2003, 148: 597-602.
(LoE ®®00)

Rubin MR, Bilezikian JP, McMahon DJ, et al. The natural
history of primary hyperparathyroidism with or without
parathyroid surgery after 15 years. J Clin Endocrinol Metab
2008, 93: 3462-70. (LoE ®®OO0)

16

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

AME Position Statement on PHPT

Gianotti L, Tassone F, Cesario F, et al. A slight decrease in
renal function further impairs bone mineral density in pri-
mary hyperparathyroidism. J Clin Endocrinol Metab 2006,
91:3011-6. (LoE ®®OO0)

Walker MD, Dempster DW, McMahon DJ, et al. Effect of
renal function on skeletal health in primary hyperparathy-
roidism. J Clin Endocrinol Metab 2012, 97: 1501-7. (LoE
®®00)

National Kidney Foundation. K/DOQI clinical practice
guidelines for chronic kidney disease: evaluation, classifi-
cation, and stratification. Am J Kidney Dis 2002, 39 (Suppl
1): S1-266.

Silverberg SJ, Lewiecki EM, Mosekilde L, Peacock M, Rubin
MR. Presentation of asymptomatic primary hyperparathy-
roidism: proceedings of the third international workshop.
J Clin Endocrinol Metab 2009, 94: 351-65.

Suh JM, Cronan JJ, Monchik JM. Primary hyperparathy-
roidism: is there an increased prevalence of renal stone
disease? AJR Am J Roentgenol 2008, 191: 908-11. (LoE
®®00)

Katz DS, Scheer M, Lumerman JH, Mellinger BC, Stillman
CA, Lane MJ. Alternative or additional diagnoses on un-
enhanced helical computed tomography for suspected re-
nal colic: experience with 1000 consecutive examinations.
Urology 2000, 56: 53-7. (LoE ®®OO)

Rao PN. Imaging for kidney stones. World J Urol 2004, 22:
323-7.

Fowler K, Locken JA, Duchesne JH, et al. US for detect-
ing renal calculi with nonenhanced CT as a reference stan-
dard. Radiology 2002, 222: 109-13. (LoE ®®0OO0)
Khosla S, Melton LJ 3rd, Wermers RA, Crowson CS,
O’Fallon W, Riggs B. Primary hyperparathyroidism and the
risk fracture: a population-based study. J Bone Miner Res
1999, 14: 1700-7. (LoE ®®®O)

De Geronimo S, Romagnoli E, Diacinti D, D'Erasmo E,
Minisola S. The risk of fractures in postmenopausal wom-
en with primary hyperparathyroidism. Eur J Endocrinol
2006, 155: 415-20. (LoE ®®00)

Vignali E, Viccica G, Diacinti D, et al. Morphometric ver-
tebral fractures in postmenopausal women with primary
hyperparathyroidism. J Clin Endocrinol Metab 2009, 94:
2306-12. (LoE ®®@®0)

Raeburn CD, Cothren C, McIntyre RC Jr. End-stage skele-
tal manifestations of severe hyperparathyroidism. Surgery
2002, 132: 896-8. (LoE ®O00OO0)

Grampp S, Steiner E, Imhof H. Radiological diagnosis of
osteoporosis. Eur Radiol 1997, 7: S11-9.

Guglielmi G, Diacinti D, Van Kuijk C, et al. Vertebral mor-
phometry: current methods and recent advances. Eur
Radiol 2008, 18: 1484-96.

Johnston CC, Melton J Ill. Bone densitometry. In: Riggs
BL, Melton LJ lll, eds. Osteoporosis: etiology, diagnosis,
and management, 2nd ed. Philadelphia: Lippincott Raven.
1995, 275-97.

Adami S, Braga V, Squaranti R, Rossini M, Gatti D,
Zamberlan N. Bone measurements in asymptomatic pri-
mary hyperparathyroidism. Bone 1998, 22: 565-70. (LoE
®®00)



M. Zini, R. Attanasio, R. Cesareo, et al.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Silverberg SJ, Shane E, De la Cruz L, et al. Skeletal disease
in primary hyperparathyroidism. J Bone Min Res 1989, 4:
283-91.

Silverberg SJ, Gartenberg F, Jacobs TP, et al. Increased
bone mineral density after parathyroidectomy in primary
hyperparathyroidism. J Clin Endocrinol Metab 1995, 80:
729-34. (LoE ®®00)

Kulak C, Bandeira C, Voss D, et al. Marked improvement
in bone mass after parathyroidectomy in osteitis fibrosa
cystica. J Clin Endocrinol Metab 1998, 83: 732-5. (LoE
®000)

Grey AB, Stapleton JP, Evans MC, Tatnell MA, Reid IR.
Effect of hormone replacement therapy on bone mineral
density in postmenopausal women with mild primary hy-
perparathyroidism. A randomized, controlled trial. Ann
Intern Med 1996, 125: 360-8. (LoE ®®®®)

Khan AA, Bilezikian JP, Kung AW, et al. Alendronate in pri-
mary hyperparathyroidism: a double-blind, randomized,
placebo-controlled trial. J Clin Endocrinol Metab 2004, 89:
3319-25. (LoE @®®®)

Nilsson IL, Yin L, Lundgren E, Rastad J, Ekbom A. Clinical
presentation of primary hyperparathyroidism in Europe-
nationwide cohort analysis on mortality from nonmalignant
causes. J Bone Min Res 2002, 17 (Suppl 2): N68-74. (LoE
®®00)

Vestergaard P, Mollerup CL, Frekjaer VG, Christiansen P,
Blichert-Toft M, Mosekilde L. Cardiovascular events be-
fore and after surgery for primary hyperparathyroidism.
World J Surg 2003, 27: 216-22. (LoE ®®®O)

Yu N, Donnan PT, Flynn RW, et al.Increased mortality and
morbidity in mild primary hyperparathyroid patients. The
Parathyroid Epidemiology and Audit Research Study
(PEARS). Clin Endocrinol 2010, 73: 30-4. (LoE ®®0OO0)
Wermers RA, Khosla S, Atkinson EJ, et al. Survival after the
diagnosis of hyperparathyroidism: a population-based
study. Am J Med 1998, 104: 115-22. (LoE ®®0OO0)
Persson A, Bollerslev J, Rosen T, et al; SIPH Study Group.
Effect of surgery on cardiac structure and function in mild
primary hyperparathyroidism. Clin Endocrinol (Oxf) 2011,
74:174-80. (LoE ®®00)

Rapado A. Arterial hypertension and primary hyper-
parathyroidism. Incidence and follow-up after parathy-
roidectomy. Am J Nephrol 1986, 6 (Suppl 1): 49-50. (LoE
®000)

Feldstein CA, Akopian M, Pietrobelli D, Olivieri A, Garrido
D. Long-term effects of parathyroidectomy on hyperten-
sion prevalence and circadian blood pressure profile in pri-
mary hyperparathyroidism. Clin Exp Hypertens 2010, 32:
154-8. (LoE ®®00)

Bollerslev J, Rosen T, Mollerup CL, et al. Effect of surgery
on cardiovascular risk factors in mild primary hyper-
parathyroidism. J Clin Endocrinol Metab 2009, 94: 2255-
61. (LoE ®®®0O)

Stefenelli T, Mayr H, Bergler-Klein J, et al. Primary hyper-
parathyroidism: incidence of cardiac abnormalities and par-
tial reversibility after successful parathyroidectomy. Am J
Med 1993, 95: 197-202. (LoE ®®0O0)

Dalberg K, Brodin LA, Juhlin-Dannfelt A, Farnebo LO.

17

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Cardiac function in primary hyperparathyroidism before
and after operation. An echocardiographic study. Eur J
Surg 1996, 162: 171-6. (LoE ®®00)

Piovesan A, Molineri N, Casasso F, et al. Left ventricular
hypertrophy in primary hyperparathyroidism. Effects of suc-
cessful parathyroidectomy. Clin Endocrinol (Oxf) 1999, 50:
321-8. (LoE ®®®0)

Nuzzo V, Tauchmanova L, Fonderico F, et al. Increased in-
tima-media thickness of the carotid artery wall, normal
blood pressure profile and normal left ventricular mass in
subjects with primary hyperparathyroidism. Eur J Endo-
crinol 2002, 147: 453-9. (LoE ®®0O0)

Farahnak P, Ring M, Caidahl K, Farnebo LO, Eriksson MJ,
Nilsson IL. Cardiac function in mild primary hyperparathy-
roidism and the outcome after parathyroidectomy. Eur J
Endocrinol 2010, 163: 461-7. (LoE ®®0O0)

Fitzpatrick LA, Bilezikian JP, Silverberg SJ. Parathyroid hor-
mone and the cardiovascular system. Curr Osteoporos Rep
2008, 6: 77-83. (LoE ® OO0)

Tassone F, Procopio M, Gianotti L, et al. Insulin resistance
is not coupled with defective insulin secretion in primary
hyperparathyroidism. Diabet Med 2009, 26, 968-73. (LoE
®®00)

Hagstrom E, Lundgren E, Lithell H, et al. Normalized dys-
lipidaemia after parathyroidectomy in mild primary hyper-
parathyroidism: population-based study over five years.
Clin Endocrinol 2002, 56: 253-60. (LoE ®®QOO0)

Cope O. The study of hyperparathyroidism at the Massa-
chusetts General Hospital. N Eng J Med 1966, 274: 1174-
82.

Silverberg SJ. Non-classical target organs in primary hy-
perparathyroidism. J Bone Min Res 2002, 17 (Suppl 2):
N117-25.

Caron NR, Pasieka JL. What symptom improvement can
be expected after operation for primary hyperparathy-
roidism. World J Surg 2009, 33: 2244-55.

Chiang CY, Andrewes DG, Anderson D, Devere M,
Schweitzer |, Zajac JD. A controlled, prospective study of
neuropsychological outcomes post parathyroidectomy in
primary hyperparathyroid patients. Clin Endocrinol (Oxf)
2005, 62: 99-104. (LoE ®®0O0)

Talpos GB, Bone HG 3rd, Kleerekoper M, et al. Random-
ized trial of parathyroidectomy in mild asymptomatic pri-
mary hyperparathyroidism: patient description and effects
on the SF-36 health survey. Surgery 2000, 128: 1013-20;
discussion 1020-1. (LoE ®®®O)

Bollerslev J, Jansson S, Mollerup CL, et al. Medical obser-
vation, compared with parathyroidectomy, for asymp-
tomatic primary hyperparathyroidism: a prospective, ran-
domized trial. J Clin Endocrinol Metab 2007, 92: 1687-92.
(LoE ®®®0)

Ambrogini E, Cetani F, Cianferotti L, et al. Surgery or
surveillance for mild asymptomatic primary hyperparathy-
roidism: a prospective, randomized clinical trial. J Clin
Endocrinol Metab 2007, 92: 3114-21. (LoE ® ®®O)
Ebert EC. The parathyroids and the gut. J Clin Gastroent
2010, 44: 479-82.

Rao DS, Phillips ER, Divine GW, Talpos GB. Randomized



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

controlled clinical trial of surgery versus no surgery in pa-
tients with mild asymptomatic primary hyperparathy-
roidism. J Clin Endocrinol Metab 2004, 89: 5415-22. (LoE
®®®0)

Silverberg SJ, Shane E, Jacobs TP, Siris E, Bilezikian JP. A
10-year prospective study of primary hyperparathyroidism
with or without parathyroid surgery. N Engl J Med 1999,
341: 1249-55. (LoE ®®®0)

Rao DS, Wilson RJ, Kleerekoper M, Parfitt AM. Lack of bio-
chemical progression or continuation of accelerated bone
loss in mild asymptomatic primary hyperparathyroidism:
evidence for biphasic disease course. J Clin Endocrinol
Metab 1988, 67: 1294-8. (LoE ®®®O)

Sankaran S, Gamble G, Bolland M, Reid IR, Grey A.
Skeletal effects of interventions in mild primary hyper-
parathyroidism: a meta-analysis. J Clin Endocrinol Metab
2010, 95: 1653-62. (LoE @®®®)

Khosla S, Melton J 3rd. Fracture risk in primary hyper-
parathyroidism. J Bone Miner Res 2002, 17: N103-7.
Walker MD, Silverberg SJ. Cardiovascular aspects of pri-
mary hyperparathyroidism. J Endocrinol Invest 2008, 31:
925-31.

Lowe H, McMahon DJ, Rubin MR, Bilezikian JP, Silverberg
SJ. Normocalcemic primary hyperparathyroidism: further
characterization of a new clinical phenotype. J Clin
Endocrinol Metab 2007, 92: 3001-5. (LoE ® ®®0O)
Bilezikian JP, Silverberg SJ. Normocalcemic primary hy-
perparathyroidism. Arq Bras Endocrinol Metab 2010, 54:
106-9.

Lundgren E, Rastad J, Thrufjell E, Akerstrom G, Ljunghall
S. Population-based screening for primary hyperparathy-
roidism with serum calcium and parathyroid hormone val-
ues in menopausal women. Surgery 1997, 121: 287-94.
(LoE ®®®0)

Norman J, Goodman A, Politz D. Calcium, parathyroid hor-
mone, and vitamin D in patients with primary hyper-
parathyroidism. Normograms developed from 10,000 cas-
es. Endocr Pract 2011, 17: 384-94. (LoE ®®0O0)
Maruani G, Hertig A, Paillard M, Houillier P. Normo-
calcemic primary hyperparathyroidism: evidence for a gen-
eralized target-tissue resistance to parathyroid hormone. J
Clin Endocrinol Metab 2003, 88: 4641-8. (LoE ®®0O0)
Silverberg SJ, Bilezikian JP. “Incipient” primary hyper-
parathyroidism: a “forme fruste” of an old disease. J Clin
Endocrinol Metab 2003, 88: 5348-52. (LoE ® ®0OO0)
Bilezikian JP, Khan AA, Potts JT Jr; Third International
Workshop on the Management of Asymptomatic Primary
Hyperthyroidism. Guidelines for the management of
asymptomatic primary hyperparathyroidism: summary
statement from the third international workshop. J Clin
Endocrinol Metab 2009, 94: 335-9.

Tordjman KM, Greenman Y, Osher E, Shenkerman G, Stern
N. Characterization of normocalcemic primary hyper-
parathyroidism. Am J Med 2004, 117: 861-3. (LoE ®®0O0)
Marx SJ, Simonds WF. Hereditary hormone excess: genes,
molecular pathways, and syndromes. Endocr Rev 2005,
26:615-61.

Chandrasekharappa SC, Guru SC, Manickam P, et al.

18

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

AME Position Statement on PHPT

Positional cloning of the gene for multiple endocrine neo-
plasia-type 1. Science 1997, 276: 404-7.

Mulligan LM, Kwok JB, Healey CS, et al. Germ-line muta-
tions of the RET proto-oncogene in multiple endocrine
neoplasia type 2A. Nature 1993, 363: 458-60.

Carpten JD, Robbins CM, Villablanca A, et al. HRPT2, en-
coding parafibromin, is mutated in hyperparathyroidism-
jaw tumor syndrome. Nat Genet 2002, 32: 676-80.
Agarwal S K, Mateo CM, Marx SJ. Rare germline muta-
tions in cyclin-dependent kinase inhibitor genes in multiple
endocrine neoplasia type 1 and related states. J Clin
Endocrinol Metab 2009, 94: 1826-34.

Simonds WF, James-Newton LA, Agarwal SK, et al. Familial
isolated hyperparathyroidism: clinical and genetic charac-
teristics of 36 kindreds. Medicine (Baltimore) 2002, 81: 1-26.
Eller-Vainicher C, Chiodini |, Battista C, et al. Sporadic and
MEN1-related primary hyperparathyroidism: differences in
clinical expression and severity. J Bone Miner Res 2009,
24: 1404-10. (LoE ®®00)

Falchetti A, Brandi ML. Hereditary hyperparathyroidism.
Clin Cases Miner Bone Metab 2006, 3: 141-9.

Guarnieri V, Bisceglia M, Bonfitto N, et al. Familial hyper-
parathyroidism: surgical outcome after 30 years of follow-
up in three families with germline HRPT2 mutations.
Surgery 2008, 144: 839-40. (LoE ® OOO0)

Brown EM, Gamba G, Riccardi D, et al. Cloning and char-
acterization of an extracellular Ca(2+)-sensing receptor
from bovine parathyroid. Nature 1993, 366: 575-80.
Falchetti A, Marini F, Giusti F, et al. DNA-based test: when
and why to apply it to primary hyperparathyroidism clinical
phenotypes. J Intern Med 2009, 266: 69-83.

Brandi ML, Gagel RF, Angeli A, et al. Guidelines for diag-
nosis and therapy of MEN type 1 and type 2. J Clin Endo-
crinol Metab 2001, 86: 5658-71.

Guarnieri V, Scillitani A, Muscarella LA, et al. Diagnosis of
parathyroid tumors in familial isolated hyperparathyroidism
with HRPT2 mutation: implications for cancer surveillance.
J Clin Endocrinol Metab 2006, 91: 2827-32. (LoE ® OOO)
Hendy GN, Guarnieri V, Canaff L. Calcium-sensing recep-
tor and associated diseases. Prog Mol Biol Transl Sci 2009,
89: 31-95.

Ziegler R. Hypercalcemic crisis. J Am Soc Nephrol 2001,
12: S3-9.

Schnatz PF, Curry SL. Primary hyperparathyroidism in preg-
nancy: evidence-based management. Obst Gynecol Surg
2002, 57: 365-76.

Norman J, Politz D, Politz L. Hyperparathyroidism during
pregnancy and the effect of rising calcium on pregnancy
loss: a call for earlier intervention. Clin Endocrinol (Oxf)
2009, 71: 104-9. (LoE @®0O0)

Udelsman R, Pasieka JL, Sturgeon C, et al. Surgery for
asymptomatic primary hyperparathyroidism: proceedings
of the third international workshop. J Clin Endocrinol
Metab 2009, 94: 366-72.

Johnson NA, Tublin ME, Ogilvie JB. Parathyroid imaging:
technique and role in the preoperative evaluation of pri-
mary hyperparathyroidism. AJR Am J Roentgenol 2007,
188: 1706-15. (LoE @®®0O)



M. Zini, R. Attanasio, R. Cesareo, et al.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

17.

118.

Mihai R, Simon D, Hellman P. Imaging for primary hyper-
parathyroidism — an evidence based analysis. Langenbecks
Arch Surg 2009, 394: 765-84.

Chien D, Jacene H. Imaging of parathyroid glands.
Otolaryngol Clin North Am 2010, 43: 399-415.

Shah S, Win Z, Al-Nahhas A. Multimodality imaging of the
parathyroid glands in primary hyperparathyroidism.
Minerva Endocrinol 2008, 33: 193-202.

Barczynski M, Golkowski F, Konturek A, et al. Technetium-
99m-sestamibi subtraction scintigraphy vs. ultrasonogra-
phy combined with a rapid parathyroid hormone assay in
parathyroid aspirates in preoperative localization of
parathyroid adenomas and in directing surgical approach.
Clin Endocrinol 2006, 65: 106-13. (LoE ®®® Q)

Bhansali A, Masoodi SR, Bhadada S, Mittal BR, Behra A,
Singh P. Ultrasonography in detection of single and mul-
tiple abnormal parathyroid glands in primary hyper-
parathyroidism: comparison with radionuclide scintigraphy
and surgery. Clin Endocrinol (Oxf) 2006, 65: 340-5. (LoE
®®®0)

Pons F, Torregrosa JV, Fuster D. Biological factors influ-
encing parathyroid localization. Nucl Med Comm 2003, 4:
121-4.

Ruda JM, Hollenbeak CS, Stack BC Jr. A systematic review
of the diagnosis and treatment of hyperparathyroidism
from 1995 to 2003. Otolaryngol Head Neck Surg 2005:
132: 359-72.

Kebebew E, Hwang J, Reiff E, Duh Q-Y, Clark O. Predictors
of single gland vs multigland parathyroid disease in pri-
mary hyperparathyroidism. Arch Surg 2006, 141: 777-82.
(LoE ®®00)

Mihai R, Gleeson F, Buley ID, Roskell DE, Sadler GP.
Negative imaging studies for primary hyperparathyroidism
are unavoidable: correlation of sestamibi and high-resolu-
tion ultrasound scanning with histological analysis in 150
patients. World J Surg 2006, 30: 697-704. (LoE ®®QOO0)
Kebapci M, Entok E, Kebapci E, Adapinar B. Preoperative
evaluation of parathyroid lesions in patients with con-
comitant thyroid disease: role of high resolution ulra-
sonography and dual phase technetium 99m sestamibi
scintigraphy. J Endocrinol Invest 2004, 27: 24-30. (LoE
®®00)

Eslamy HK, Ziessman HA. Parathyroid scintigraphy in pa-
tients with primary hyperparathyroidism: 99mTc sestamibi
SPECT and SPECT/CT. Radiographics 2008, 28: 1461-76.
Meilstrup JW. Ultrasound examination of the parathyroid
glands. Otolaryngol Clin North Am 2004, 37: 763-78.
Huppert BJ, Reading CC. Parathyroid sonography: imag-
ing and intervention J Clin Ultrasound 2007, 35: 144-55.
Abboud B, Sleilaty G, Rabaa L, et al. Ultrasonography:
highly accuracy technique for preoperative localization of
parathyroid adenoma. Laryngoscope 2008, 118: 1574-8.
(LoE ®®00)

Monroe DP, Edeiken-Monroe BS, Lee JE, Evans DB, Perrier
ND. Impact of preoperative thyroid ultrasonography on
the surgical management of primary hyperparathyroidism
Br J Surg 2008, 95: 957-60. (LoE ®®®O)

Soon PS, Delbridge LW, Sywak MS, Barraclough BM,

19

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

Edhouse P, Sidhu SB. Surgeon performed ultrasound fa-
cilitates minimally invasive parathyroidectomy by the fo-
cused lateral mini-incision approach. World J Surg 2008,
32:766-71. (LoE ®®®O0)

Arora S, Balash PR, Yoo J, Smith GS, Prinz RA. Benefits of
surgeon-performed ultrasound for primary hyperparathy-
roidism. Langenbecks Arch Surg 2009, 394: 861-7. (LoE
®®®0)

Patel CN, Salahudeen HM, Lansdown M, Scarsbrook AF.
Clinical utility of ultrasound and 99mTc sestamibi
SPECT/CT for preoperative localization of parathyroid ade-
noma in patients with primary hyperparathyroidism. Clin
Radiol 2010, 65: 278-87. (LoE ®®®O)

Berri RN, Lloyd LR. Detection of parathyroid adenoma in
patients with primary hyperparathyroidism: the use of of-
fice-based ultrasound in preoperative localization. Am J
Surg 2006, 191: 311-4. (LoE ®®®0O)

Gurney TA, Orloff LA. Otolaryngologist-head and neck sur-
geon-performed ultrasonography for parathyroid adenoma
localizazion. Laryngoscope 2008, 118: 243-6. (LoE ®®®O)
Marcocci C, Mazzeo S, Bruno-Bossio G, et al. Preoperative
localization of suspicious parathyroid adenomas by assay
of parathyroid hormone in needle aspirates. Eur J Endo-
crinol 1998, 139: 72-7. (LoE ®®®O)

Lopez Hanninen E, Vogl TJ, Steinmiiller T, Ricke J,
Neuhaus P, Felix R. Preoperative contrast-enhanced MRI of
the parathyroid glands in hyperparathyroidism. Invest
Radiol 2000, 35: 426-30. (LoE ®®0OO0)

Gotway MB, Reddy GP, Webb WR, et al. Comparison be-
tween MR imaging and 99mTc MIBI scintigraphy in the
evaluation of recurrent or persistent hyperparathyroidism.
Radiology 2001, 218: 783-90.

Weber AL, Randolph G, Aksoy FG. The thyroid and
parathyroid glands. CT and MR imaging and correlation
with pathology and clinical findings. Radiol Clin North Am
2000, 38: 1105-29.

Rodgers SE, Hunter GJ, Hamber LM, et al. Improved pre-
operative planning for directed parathyroidectomy with 4-
dimensional computed tomography. Surgery 2006, 140:
932-41. (LoE ®®®0)

Zald PB, Hamilton BE, Larsen ML. The role of computed
tomography in the localization of parathyroid adenomas.
Laryngoscope 2008, 118: 1405-10. (LoE ®®0O0)

Sacks BA, Pallotta JA, Cole A, Hurwitz J. Diagnosis of
parathyroid adenomas: efficacy of measuring parathor-
mone levels in needle aspirates of cervical masses. AJR
Am J Roentgenol 1994, 163: 1223-6. (LoE ®®®O)
Karstrup S. Ultrasonically guided localization, tissue verifi-
cation, and percutaneous treatment of parathyroid tu-
mours. Dan Med Bull 1995, 42: 175-91. (LoE ® ®®O)
Kiblut NK, Cussac JF, Soudan B, et al. Fine needle aspira-
tion and intraparathyroid intact parathyroid hormone mea-
surement for reoperative parathyroid surgery. World J Surg
2004, 28: 1143-7. (LoE ®®®O)

Frasoldati A, Valcavi R. Challenges in neck ultrasonogra-
phy: lymphadenopathy and parathyroid glands. Endocr
Pract 2004, 10: 261-8. (LoE ®®®O)

Stephen AE, Milas M, Garner CN, Wagner KE, Siperstein



134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

AE. Use of surgeon-performed office ultrasound and
parathyroid fine needle aspiration for complex parathyroid
localization. Surgery 2005, 138: 1143-50; discussion 1150-
1. (LoE ®®®0)

Abraham D, Sharma PK, Bentz J, Gault PM, Neumayer L,
McClain DA. Utility of ultrasound-guided fine-needle as-
piration of parathyroid adenomas for localization before
minimally invasive parathyroidectomy. Endocr Pract 2007,
13: 333-7. (LoE ®®®O0)

Kendrick ML, Charboneau JW, Curlee KJ, van Heerden JA,
Farley DR. Risk of parathyromatosis after fine-needle aspi-
ration. Am Surg 2001, 67: 290-3; discussion 293-4. (LoE
®®®0)

Agarwal G, Dhingra S, Mishra SK, Krishnani N. Implantation
of parathyroid carcinoma along fine needle aspiration
track. Langenbecks Arch Surg 2006, 391: 623-6. (LoE
®®00)

Spinelli C, Bonadio AG, Berti P, Materazzi G, Miccoli P.
Cutaneous spreading of parathyroid carcinoma after fine
needle aspiration cytology. J Endocrinol Invest 2000, 23:
255-7. (LoE ®000)

Alwaheeb S, Rambaldini G, Boerner S, Coiré C, Fiser J,
Asa SL. Worrisome histologic alterations following fine-
needle aspiration of the parathyroid. J Clin Pathol 2006,
59: 1094-6. (LoE ®®0O0)

Norman J, Politz D, Browarsky |. Diagnostic aspiration of
parathyroid adenomas causes severe fibrosis complicat-
ing surgery and final histologic diagnosis. Thyroid 2007,
17:1251-5. (LoE ®®0O0)

Melon P, Luxen A, Hamoir E, Meurisse M. Fluorine-18-flu-
orodeoxyglucose positron emission tomography for pre-
operative parathyroid imaging in primary hyperparathy-
roidism. Eur J Nucl Med 1995, 22: 556-8. (LoE ® OOO)
Neumann DR, Esselstyn CB, MacIntyre WJ, et al. Compar-
ison of FDG-PET and sestamibi-SPECT in primary hyper-
parathyroidism. Nucl Med 1996, 37: 1809-15. (LoE
®®00)

Otto D, Boerner AR, Hofmann M. Pre-operative localisa-
tion of hyperfunctional parathyroid tissue with 11C-me-
thionine PET. Eur J Nucl Med Mol Imaging 2004, 31: 1405-
12. (LoE ®®00)

Lange-Nolde A, Zajic T, Slawik M, et al. PET with 18F-
DOPA in the imaging of parathyroid adenoma in patients
with primary hyperparathyroidism. A pilot study. Nuklear-
medizin 2006, 45: 193-6. (LoE ® OO 0)

Tang BN, Moreno-Reyes R, Blocklet D, et al. Accurate pre-
operative localization of pathological parathyroid glands
using 11C-methionine PET/CT. Contrast Media Mol Im-
aging 2008, 3: 157-63. (LoE ®®0OO0)

Bollerslev J, Marcocci C, Sosa M, Nordenstrom J, Bouillon
R, Mosekilde L. Current evidence for recommendation of
surgery, medical treatment and vitamin D repletion in mild
primary hyperparathyroidism. Eur J Endocrinol 2011, 165:
851-64.

Allendorf J, Kim L, Chabot J, DiGiorgi M, Spanknebel K,
LoGerfo P. The impact of sestamibi scanning on the out-
come of parathyroid surgery. J Clin Endocrinol Metab
2003, 88: 3015-8. (LoE ®®®O0)

20

147

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

AME Position Statement on PHPT

. Munk RS, Payne RJ, Luria BJ, Hier MP, Black MJ. Preoper-
ative localization in primary hyperparathyroidism. J Oto-
laryngol Head Neck Surg 2008, 37: 347-54. (LoE @ ® OO)
Bergenfelz AO, Wallin G, Jansson S, et al. Results of
surgery for sporadic primary hyperparathyroidism in pa-
tients with preoperatively negative sestamibi scintigraphy
and ultrasound. Langenbecks Arch Surg 2011, 396: 83-90.
(LoE ®®®0)

Harari A, Allendorf J, Shifrin A, DiGorgi M, Inabnet WB.
Negative preoperative localization leads to greater re-
source use in the era of minimally invasive parathyroidec-
tomy. Am J Surg 2009, 197: 769-73. (LoE ®®0OO0)

Chan RK, Ruan DT, Gawande AA, Moore FD Jr. Surgery
for hyperparathyroidism in image-negative patients. Arch
Surg 2008, 143: 335-7. (LoE ®®0OO0)

Miccoli P, Barellini L, Monchik JM, Rago R, Berti PF.
Randomized clinical trial comparing regional and general
anaesthesia in minimally invasive video-assisted parathy-
roidectomy. Br J Surg 2005, 92: 814-8. (LoE ®®Q®®)
Sokoll LJ, Remaley A, Sena SF, et al. Intraoperative
Parathyroid Hormone in The National Academy of Clinical
Biochemistry. Laboratory Medicine Practice Guidelines.
Evidence-Based Practice for Point-of-Care Testing. 2006:
pag. 387-440.
http://www.aacc.org/SiteCollectionDocuments/NACB/LM
PG/EB_POCT/POCT_LMPG_final_rev41706.doc

Carneiro DM, Solorzano CC, Nader MC, Ramirez M, Irvin
GL 3rd. Comparison of intraoperative iPTH assay (QPTH)
criteria in guiding parathyroidectomy: which criterion is the
most accurate? Surgery 2003, 134: 973-9. (LoE ®®@®0O)
Westerdahl J, Bergenfelz A. Unilateral versus bilateral neck
exploration for primary hyperparathyroidism: five-year fol-
low-up of a randomized controlled trial. Ann Surg 2007,
246: 976-81. (LoE ®®R@®)

Bergenfelz A, Lindblom P, Tibblin S, Westerdahl J.
Unilateral versus bilateral neck exploration for primary hy-
perparathyroidism: a prospective randomized controlled
trial. Ann Surg 2002, 236: 543-51. (LoE ®®®®)
Udelsman R, Donovan Pl. Open minimally invasive parathy-
roid surgery. World J Surg 2004, 28: 1224-6. (LoE ®®®O)
Hessman O, Westerdahl J, Al-Suliman N, Christiansen P,
Hellman P, Bergenfelz A. Randomized clinical trial com-
paring open with video-assisted minimally invasive parathy-
roid surgery for primary hyperparathyroidism. Br J Surg
2010, 97: 177-84. (LoE @®®®)

Sozio A, Schietroma M, Franchi L, Mazzotta C, Cappelli S,
Amicucci G. Paratiroidectomia: esplorazione bilaterale del
collo versus trattamento radioguidato mini-invasivo.
Minerva Chir 2005, 60: 83-9. (LoE ®®0QQ0)

Inabnet WB 3rd, Kim CK, Haber RS, Lopchinsky RA.
Radioguidance is not necessary during parathyroidecto-
my. Arch Surg 2002, 137: 967-70. (LoE @®0OO)
Sitges-Serra A, Rosa P, Valero M, Membrilla E, Sancho JJ.
Surgery for sporadic primary hyperparathyroidism: con-
troversies and evidence-based approach. Langenbecks
Arch Surg 2008, 393: 239-44.

Norman J, Politz D. 5,000 parathyroid operations without
frozen section or PTH assays: measuring individual parathy-



M. Zini, R. Attanasio, R. Cesareo, et al.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

roid gland hormone production in real time. Ann Surg
Oncol 2009, 16: 656-66. (LoE @®@0OO)

Siperstein A, Berber E, Barbosa GF, et al. Predicting the
success of limited exploration for primary hyperparathy-
roidism using ultrasound, sestamibi, and intraoperative
parathyroid hormone: analysis of 1158 cases. Ann Surg
2008, 3: 420-8. (LoE ®®00)

Carneiro-Pla DM, Romaguera R, Nadji M, Lew JI, Solorzano
CC, Irvin GL 3rd. Does histopathology predict parathyroid
hypersecretion and influence correctly the extent of
parathyroidectomy in patients with sporadic primary hy-
perparathyroidism? Surgery 2007, 142: 930-5. (LoE
®®00)

Stalberg P, Carling T. Familial parathyroid tumors: diag-
nosis and management. World J Surg 2009, 33: 2234-
43.

Bergenfelz AO, Hellman P, Harrison B, Sitges-Serra A,
Dralle H; European Society of Endocrine Surgeons.
Positional statement of the European Society of Endocrine
Surgeons (ESES) on modern techniques in pHPT surgery.
Langenbecks Arch Surg 2009, 394: 761-4.

Beus KS, Stack BC Jr. Synchronous thyroid pathology in
patients presenting with primary hyperparathyroidism. Am
J Otolaryngol 2004, 25: 308-12. (LoE ®®0O0)

Wang TS, Roman SA, Cox H, Air M, Sosa JA. The man-
agement of thyroid nodules in patients with primary hy-
perparathyroidism. J Surg Res 2009, 154: 317-23. (LoE
®000)

Gharib H, Papini E, Paschke R, et al; AACE/AME/ETA Task
Force on Thyroid Nodules. American Association of
Clinical Endocrinologists, Associazione Medici Endo-
crinologi, and EuropeanThyroid Association Medical
Guidelines for Clinical Practice for the Diagnosis and
Management of Thyroid Nodules. Endocr Pract 2010, 16
(Suppl 1): 1-43.

Hamdy NA, Gray RE, McCloskey E, et al. Clodronate in
the medical management of hyperparathyroidism. Bone
1987, 8 (Suppl 1): S69-77. (LoE ®®0O0)

Zanchetta JR, Bogado CE. Raloxifene reverses bone loss in
postmenopausal women  with mild asymptomatic prima-
ry hyperparathyroidism. J Bone Miner Res 2001,  16: 189-
90. (LoE ® O00)

Orr-Walker BJ, Evans MC, Clearwater JM, Horne A, Grey
AB, Reid IR. Effects of hormone replacement therapy on
bone mineral density in postmenopausal women with  pri-
mary hyperparathyroidism: four-year follow-up and com-
parison with healthy postmenopausal women. Arch Intern
Med 2000, 160: 2161-6. (LoE ®®®®)

Silverberg SJ, Shane E, Dempster DW, Bilezikian JP. The
effects of vitamin D insufficiency in patients with primary
hyperparathyroidism. Am J Med 1999, 107: 561-7. (LoE
®®®0)

Nordenstrédm E, Westerdahl J, Lindergard B, Lindblom P,
Bergenfelz A. Multifactorial risk profile for bone fractures in
primary hyperparathyroidism. World J Surg 2002, 26:
1463-7. (LoE ®®®O0)

Peacock M, Bolognese MA, Borofsky M, et al. Cinacalcet
treatment of primary hyperparathyroidism: biochemical

21

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

and bone densitometric outcomes in a five-year study. J
Clin Endocrinol Metab 2009, 94: 4860-7. (LoE ®®@®®)
Marcocci C, Chanson P, Shoback D, et al. Cinacalcet re-
duces serum calcium concentrations in patients with in-
tractable primary hyperparathyroidism. J Clin Endocrinol
Metab 2009, 94: 2766-72. (LoE ®®®O)

Gruppo di Studio Multidisciplinare per la Calcolosi Renale,
Croppi E, Cupisti A, Lombardi M, et al. Percorso diagnos-
tico-terapeutico per il paziente con calcolosi urinaria. Giorn
Ital Nefrol 2010, 27: 282-9.

Cianciaruso B; ltalian Society of Nephrology. Linee guida
per la terapia conservativa dell'insufficienza renale cronica.
G It Nefrol 2003, 20 (Suppl 24): S48-60.

Mittendorf EA, Merlino JI, McHenry CR. Post-parathy-
roidectomy hypocalcemia: incidence, risk factors, and man-
agement. Am Surg 2004, 70: 114-20. (LoE ®®0O0)

Kald BA, Heath DI, Lausen |, Mollerup CL. Risk assessment
for severe postoperative hypocalcemia after neck explo-
ration for primary hyperparathyroidism. Scand J Surg 2005,
94: 216-20. (LoE ®®0O0)

Norman JG, Politz D. Safety of immediate discharge after
parathyroidectomy: a prospective study of 3,000 consec-
utive patients. Endocr Pract 2007, 13: 105-13. (LoE
®®®0)

Vasher MN, Goodman A, Politz D, Norman J. Post-
operative calcium requirements in 6,000 patients under-
going outpatient parathyroidectomy: easily avoiding symp-
tomatic hypocalcemia. J Am Coll Surg 2010, 211: 49-54.
(LoE ®®®0)

Witteveen JE, Kievit J, Morreau H, Romijn JA, Hamdy NA.
No recurrence of sporadic primary hyperparathyroidism
when cure is established 6 months after parathyroidecto-
my. Eur J Endocrinol 2010, 162: 399-406. (LoE ®®®0O)
Biskobing DM. Significance of elevated parathyroid hor-
mone after parathyroidectomy. Endocr Pract 2010, 16:
112-7. (LoE @®®O)

Nomura R, Sugimoto T, Tsukamoto T, et al. Marked and
sustained increase in bone mineral density after parathy-
roidectomy in patients with primary hyperparathyroidism;
a six year longitudinal study with or without parathy-
roidectomy in a Japanese population. Clin Endocrinol
2004, 60: 335-42. (LoE @®®O)

Hedbéck G, Odén A, Tisell LE. The influence of surgery
on the risk of death in patients with primary hyper-
parathyroidism. World J Surg 1991, 15: 399-405; discus-
sion, 406-7. (LoE ®®®0O)

Nilsson IL, Aberg J, Rastad J, Lind L. Maintained normal-
ization of cardiovascular dysfunction 5 years after parathy-
roidectomy in primary hyperparathyroidism. Surgery 2005,
137: 632-8. (LoE ®®@®0O)

Yu N, Leese GP, Smith D, Donnan PT. The natural history
of treated and untreated primary hyperparathyroidism: the
parathyroid epidemiology and audit research study. QJM
2011, 104: 513-21. (LoE ®®®O)

Walker MD, McMahon DJ, Inabnet WB, et al. Neuro-
psychological features in primary hyperparathyroidism: a
prospective study. J Clin Endocrinol Metab 2009, 94:
1951-8. (LoE ®®®O0)





