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Abstract
Purpose Primary hyperparathyroidism (PHPT) is a frequent endocrine pathology that has surgical treatment as its only 
decisive measure. High-Resolution Neck Ultrasonography with color-Doppler (CDHR-NUS) and 99mTechnetium-SestaMIBI 
Parathyroid Scintigraphy (99mTc-MIBI PS) are the two instrumental exams more commonly used in the preoperatory locali-
zation of pathologic parathyroids. The aim of this observational study was to outline—in accordance with the latest scientific 
literature—the precise role of CDHR-NUS in the environment of PHPT, comparing it with that of Parathyroid Scintigraphy.
Methods 136 patients operated on for PHPT and underwent CDHR-NUS and 99mTc-MIBI PS preoperatively. The CDHR-
NUS was carried out by an expert medical sonographer. The results of the two methods were compared between each other 
and with the results of the operative act for the evaluation of accordance and diagnostic performances.
Results PHPT is prevalently due to monoglandular pathology (SGD). The parallel use of CDHR-NUS and of 99mTc-MIBI 
PS does not determine a significant increase in diagnostic accuracy. The preoperative accordance evaluation between the 
two methods does not exclude the presence of multiglandular pathology (MGD) with certainty.
Conclusions CDHR-NUS is an accurate as well as cost-effective method; its role as a main and eventual unique preoperative 
localization method in patients affected by PHPT is confirmed. In the presence of expert medical sonographers, the sequential 
use of the two methods is retained correct and their use in parallel is neither justified nor cost-effective. The preoperative 
accordance evaluation between the two methods is neither necessary nor indispensable.
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Riassunto
Scopo L’iperparatiroidismo primitivo (PHPT) è una frequente patologia endocrina che ha come unico trattamento risolutivo 
quello chirurgico. L’ecografia del collo ad alta risoluzione con color-Doppler (CDHR-NUS) e la Scintigrafia Paratiroidea 
con 99mTecnezio-SestaMIBI (99mTc-MIBI PS) sono i due esami strumentali più comunemente utilizzati nella localizzazione 
preoperatoria delle paratiroidi patologiche. Scopo di questo studio osservazionale è di delineare —in conformità con la più 
recente letteratura scientifica—il preciso ruolo della CDHR-NUS nell’ambito del PHPT, confrontandolo con quello della 
scintigrafia paratiroidea.
Materiali 136 pazienti operati (PTX) per PHPT e sottoposti pre-operatoriamente a CDHR-NUS e 99mTc-MIBI PS. La CDHR-
NUS è stata eseguita da un medico ecografista esperto. Gli esiti delle due metodiche sono stati confrontati fra loro e con le 
risultanze dell’atto operatorio per valutazione di concordanza e prestazioni diagnostiche.
Risultati Il PHPT è prevalentemente dovuto a patologia monoghiandolare (SGD). L’uso pararallelo di CDHR-NUS e di 
99mTc-MIBI PS non determina un significativo incremento dell’accuratezza diagnostica. La valutazione preoperatoria di 
concordanza fra le due metodiche non può escludere con certezza la presenza di patologia multighiandolare (MGD).
Conclusioni La CDHR-NUS è una metodica accurata e cost-effective; si conferma il suo ruolo di principale ed eventualmente 
unica metodica di localizzazione preoperatoria nel paziente affetto da PHPT. In presenza di medici ecografisti esperti, si 
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ritiene corretto l’uso sequenziale delle due metodiche e non giustificato né cost-effective il loro uso parallelo. La valutazione 
preoperatoria di concordanza fra le due metodiche non è necessaria né indispensabile.

Introduction

The parathyroids are endocrine glands that secrete para-
thormone (PTH), a polypeptide hormone that intervenes 
in the maintenance of normal serum calcium levels. 
The parathyroids are small anatomical structures (about 
5 × 3 × 1 mm, weight between 25 and 50 mg) localized 
in two on each side of the postero-medial surface of the 
thyroid lobes. Normally there are four parathyroids, dif-
ferentiated in two superior (P4 or PIV) and two inferior 
(P3 or PIII), called “orthotopic” if situated in typical sites 
and “ectopic” if located in atypical sites. Intrathyroidal 
ectopic localization isn’t rare (2–4% of all cases operated 
on) and more often involves the PIII [1].

Primary hyperparathyroidism (PHPT) is an endocrine 
pathology determined by an excessive secretion of para-
thormone (PTH) by one or more independently hyperfunc-
tioning parathyroids.

PHTP occurs in a sporadic form (SPHTP, Sporadic Pri-
mary Hyperparathyroidism) in the majority of the cases 
(97–98%). SPHTP is currently the third most frequent 
endocrine disease diagnosed after diabetes and thyreopa-
thies and the most common cause of hypercalcaemia in the 
general population. It affects the female sex more frequently 
(ratio F/M 3:1) and has a peak incidence in subjects aged 
50–60; half of the patients affected by this pathology are 
post-menopausal aged woman. In 90% of the cases the cause 
of SPHTP is a single-adenoma (SA), benign neoplasm devel-
oped in a single parathyroid (single-gland disease, SGD); 
the inferior parathyroids are more frequently affected than 
the superior ones; the adenoma occurs on an ectopic para-
thyroid in 4–16% of the cases. The multiglandular pathol-
ogy (multi-gland disease, MGD)—characterized by the 
involvement of two or more glands in the form of adenoma 
or hyperplasia or both (adenoma-hyperplasia)—are respon-
sible for the remaining 9–10% of cases; the most frequent 
form of MGD is the double adenoma (DA) and may involve 
the two parathyroids on the same side (ipsilateral DA) or 
the parathyroids on two different sides (contralateral DA). 
Parathyroid carcinoma as a cause of PHPT is extremely rare 
(< 1% of the cases) [2].

The familial or inherited forms (FPHPT, Familial Pri-
mary Hyperparathyroidism) are rare (2–3% of cases) and 
arise predominantly in the context of a MEN (Multiple 
Endocrine Neoplasia) type 1 or 2A; they occur in younger 
subjects (mean age onset of the disease 20–25 years) and 
are more often supported by MGD [3].

The greater bone reabsorption secondary to the excess 
of PTH produced by one or more hyperfunctioning para-
thyroids determines a reduction in bone mineral density 
(BMD) of a variable degree from patient to patient, with 
situations ranging from mild osteopenia to severe osteo-
porosis with a high risk of bone fractures [4].

Hypercalcaemia—due to both increased calcium bone 
mobilization and increased renal and intestinal absorp-
tion—is present in most patients with PHPT in mild form 
(≤ 11.9  mg/dl). Hypercalciuria resulting from hyper-
calcaemia promotes the onset of nephrolithiasis and 
nephrocalcinosis.

In most cases (about 80%) PHPT is completely asymp-
tomatic and diagnosed following the random finding of 
hypercalcaemia [5]. Nephrolithiasis still represents the 
most common clinical manifestation of the disease (renal 
colic). Asthenia, easy fatigability and widespread osteo-
articular pains are relatively common non-specific symp-
toms in symptomatic patients. The forms characterized by 
severe hypercalcaemia (≥ 14 mg/dl), quite rare, are often 
characterized by more relevant manifestations (nausea, 
vomiting, acute pancreatitis, sleepiness, depression, men-
tal confusion) and could also be responsible for hypercal-
cemic crisis, rare endocrinological emergency (found in 
˂1% of patients with PHPT) but potentially lethal [6].

The diagnosis of PHPT is essentially done in laboratory 
and is based on the finding of persistent hypercalcaemia 
associated with elevated serum levels of PTH (sPTH—
classical PHPT). In a minority of cases you can have a 
normal calcaemia in the presence of elevated sPTH (nor-
mocalcemic PHPT) [7] or hypercalcaemia associated with 
an inappropriately normal sPTH, that are included in the 
upper half of the normal range (normohormonal PHPT) 
[8]. In the presence of a coexisting vitamin D deficiency—
now considered more common in patients affected by 
PHPT than in the general population [9]—the calcaemia 
values can be falsely normal, plasma levels of PTH may 
be more elevated and associated with larger parathyroid 
adenomas and bone manifestations of PHPT may be more 
evident with more severe situations of osteoporosis [10].

Parathyroidectomy surgery (PTX) is the only decisive 
treatment of PHPT and is indicated:

• in election both in symptomatic and asymptomatic 
patients who present at least one of the conditions 
specified by the current guidelines [11];
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• in emergency in rare cases complicated by hypercalcemic 
crisis not responsive to medical therapy [12].

The main benefits of a resolutive PTX are represented, 
other than by normalization of calcaemia and sPTH, by 
a significant and permanent reduction in the incidence of 
nephrolithiasis recurrence [13] and by a rapid and protracted 
recovery of BMD, resulting in a significant reduction in the 
risk of fractures [14].

The traditional intervention of PTX is that of a bilateral 
neck exploration (BNE) and foresees the identification of 
all four of the parathyroids with the exeresis of those result-
ing macroscopically pathological and the eventual biopsy of 
those considered dubious. Today, it still represents the gold 
standard with which all alternative surgical techniques must 
be compared; if performed by experienced surgeons, it has 
a success rate (in terms of biological healing) of more than 
95%, with a complication rate of 1–4% [15]. Until the first 
half of the 90s, the intervention was carried out without the 
aid of preoperative instrumental examinations, considered 
not necessary due to their relatively low diagnostic accuracy 
(in this regard, the American radiologist J.L. Doppman had 
stated in his famous aphorism: “The only localization study 
required by a patient undergoing initial parathyroid surgery 
is to locate an experienced parathyroid surgeon” [16]).

The evidence that PHPT is in most cases due to SGD, the 
improvement of diagnostic accuracy of imaging methods 
and the introduction into the clinical practice of the intraop-
erative measurement of PTH (IOPTHm) [17] have allowed 
the affirmation from the second half of the 1990s of mon-
olateral surgical techniques known as LNE (Limited Neck 
Exploration) and represented mainly by UNE (Unilateral 
Neck Exploration; the two parathyroid sites are explored 
only on one side) [18] and MIP (Minimally Invasive Par-
athyroidectomy; a single parathyroid site is explored) [19]. 
The advantages of these new techniques, used today in the 
best part of cases to replace BNE, are essentially repre-
sented: by the reduction in operating time and hospital stay; 
by reducing the rate of complication both immediate and at 
a distance; from a better esthetic result, as the operation is 
carried out through a more limited cutaneous incision [20]. 
Their success rate may be equal to that of BNE, provided, 
however, that the operation is preceded by accurate instru-
mental examinations localizing the pathological parathyroid 
glands and is carried out by an expert surgeon.

The role of imaging methods is limited to the preop-
erative localization of pathological parathyroid glands in 
patients with PHPT laboratory diagnosis in which indication 
was given to surgical intervention. High Resolution Neck 
Ultrasonography with color-Doppler (CDHR-NUS) and 
Parathyroid Scintigraphy with 99mTechnetium-SestaMIBI 
(99mTc-MIBI PS) are currently the two most commonly used 
instrumental examinations in the preoperative localization of 

pathological parathyroid glands and are also known as “first 
line localization methods” [21, 22].

The CDHR-NUS is performed using linear probes regu-
lated at higher frequencies (≥ 10 MHz), in order to obtain 
the best spatial resolution. The examination must include the 
entire anterior cervical region, paying particular attention to 
the thyroid region. The pathological parathyroid (schemati-
cally defined “adenoma”) appears on the ultrasonography 
as solid hypoechoic formation of various dimensions, with 
well-defined margins, oval or oblong and with a longer lon-
gitudinal axis, which contrasts with the greater echogenicity 
of the thyroid parenchyma. The adenoma of a superior para-
thyroid results in being localized in the retrothyroidal region, 
medium-superiorly or superiorly with respect to the poste-
rior profile of the thyroid lobe (Figs. 1, 2). The adenoma of 
an inferior parathyroid is localized in close adjacency with 
the inferior pole of the thyroid lobe or inferior to it (with 
partially or totally retrosternal localization) [23] (Figs. 3, 4, 
5). Larger adenomas may have a partially fluid ecostructure 
due to the presence of cystic involution areas [24] (Fig. 6).

The contextual use of the color-Doppler determines a 
significant increase in the sensitivity of the ultrasound [25, 
26]. On color-Doppler examination, solid adenomas often 
appear as more vividly vascularized structures than the adja-
cent thyroid parenchyma; the vascular pattern is predomi-
nantly central and a polar afferent arterial vessel is also fre-
quently identified (Fig. 7). This is useful both to distinguish 
the parathyroid adenoma from a lymphadenopathy or from 

Fig. 1  Ultrasound image of a right superior parathyroid adenoma 
(indicated by the red arrows), hypoechoic, median retrothyroidal and 
of the maximum (longitudinal) diameter of about 2.2 cm
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an exophytic thyroid node [27] (Fig. 8) and to identify an 
intrathyroidal parathyroid adenoma (Fig. 9), differentiating it 
from a common thyroid node [28, 29]. A recent prospective 
study also shows that the use of the semi-quantitative US-
elastography with Elastoscan (ECI) improves US accuracy 
in distinguishing between parathyroid lesions and ectopic 
thyroid nodules or lymph nodes [30].

The 99mTc-MIBI PS [31] is a diagnostic method of 
nuclear medicine that uses intravenous administration of 
99mTc-SestaMIBI (Technetium-99m-2-methoxyisobutyl-
isonitrile), radioactive tracer captured by both the thyroid 
and the parathyroid with mitochondrial accumulation. 
The scintigraphic trace is a planar image obtained from 

detection—on an area comprising both the neck and the 
mediastinum and by means of an apparatus called gamma-
camera—of the gamma radiation emitted by the tracer and 
its processing. The scintigraphic technique named “single-
tracer double-phaseˮ is based on the differential washout 
phenomenon (the 99mTc-SestaMIBI is eliminated more rap-
idly from the thyroid than from the pathological parathy-
roid); acquisitions are performed at 10–15 min (early phase) 
and at 120–180 min (late phase) by intravenous bolus admin-
istration of the tracer. In the images obtained, the pathologi-
cal parathyroid tissue corresponds to a fixation focus of the 
tracer which is more evident in the late phase; poor uptake 
or rapid wash-out of the 99mTc-SestaMIBI by some patho-
logical parathyroid glands (partially cystic adenomas or with 

Fig. 2  Ultrasound image of a left superior parathyroid adenoma (indi-
cated by the red arrows), upper retrothyroidal and of the maximum 
(longitudinal) diameter of about 2.3 cm. The echogenicity of the thy-
roid is reduced due to autoimmune thyroid disease

Fig. 3  Ultrasound image of a right inferior parathyroid adenoma 
(indicated by the red arrow), lower retrothyroidal and of the maxi-
mum (longitudinal) diameter of about 2 cm

Fig. 4  Ultrasound image of a right inferior parathyroid adenoma 
(indicated by the red arrows), adjacent to the pole of the thyroid lobe 
and of the maximum (longitudinal) diameter of about 2.8 cm

Fig. 5  Ultrasound image of a left inferior parathyroid adenoma (indi-
cated by the red arrows), located near the pole of the thyroid lobe 
with partial retrosternal localization and of the maximum (longitudi-
nal) diameter of about 2.3 cm
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scarcity of oxyphilous cells) may result in a false negativ-
ity of the examination. The scintigraphic technique, called 
“double tracer subtractionˮ, more investigative, foresees 
bolus intravenous administration of both the 99mTc-Sesta-
MIBI and (after the late phase) of the 99mTcO4− (techne-
tium-99m pertechnetate), tracer captured only by the thyroid 
which allows to obtain a thyroid image that is “subtracted” 
digitally from the one previously obtained with the 99mTc-
Sestamibi (Fig. 10); this second technique can be useful in 
the presence of thyroid nodular pathology, being able to 
reduce false positivities due to the slower disposal of 99mTc-
SestaMIBI by some thyroid nodules.

The sensitivity of the two above mentioned scintigraphic 
techniques is superimposable [32] and significant advan-
tages in the use of one technique rather than the other have 
not yet been shown in statistical terms (Figs. 11, 12).

The traditional planar imaging of the 99mTc-MIBI PS has 
subsequently been enriched with the introduction into clini-
cal practice of equipment able to provide also a 3D tomo-
graphic imaging. The 99mTc-MIBI PS SPECT/CT (Single 
Photon Emission Computed Tomography with CT scan)—
introduced more recently and not yet available in all diag-
nostic centers even for the highest cost of equipment—pro-
vides images of fusion resulting from the integration of data 
acquired by the SPECT technique with the anatomical ones 
acquired with the use of X-rays emitted by a rotating radio-
genic tube (“hybrid imaging”); the images obtained allow 
to assign a precise anatomical localization to accumulation 
area of the radiotracer [33] (Fig. 13).

CDHR-NUS and 99mTc-MIBI PS (also SPECT/CT) have 
similar diagnostic accuracy: at a recent meta-analysis [34]; 

Fig. 6  Ultrasound image of predominantly cystic adenoma (poor 
solid component) of the right inferior parathyroid gland (indicated by 
the red arrows), adjacent to the pole of the thyroid lobe and of the 
maximum (longitudinal) diameter of about 3.5 cm

Fig. 7  Ultrasound image with color-Doppler of parathyroid adenoma. 
The color-Doppler shows a vivid vascularization of a prevalently cen-
tral type; an afferent polar vessel is also visible

Fig. 8  Ultrasound image of retrothyroidal exophytic thyroid node 
(indicated by the red arrow) with a maximum diameter of about 
7 mm, which simulates a superior pathological parathyroid; the color-
Doppler examination shows poor peripheral vascularization

Fig. 9  Ultrasound image with color-Doppler of intrathyroidal right 
inferior adenoma (indicated by the red arrow) of the maximum (lon-
gitudinal) diameter of about 12  mm; the vascularization appears 
lively and predominantly central
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the “pooled” values of sensibility and the positive predictive 
value are, respectively, equal to 76.1% and 93.2% for the 
CDHR-NUS and to 78.9% and 90.7% for the 99mTc-MIBI 
PS. The overall diagnostic sensitivity of both methods is, 
however, higher for SA (more than 85%) and considerably 
lower (less than 50%) for MGD, more than likely due to 
their limited ability to visualize pathological parathyroids 
of a smaller size [35, 36]. The diagnostic accuracy of both 
methods can also decrease in the presence of thyroid nodular 
disease [22, 37].

Compared to the 99mTc-MIBI PS, the CDHR-NUS:

• is easier to carry out and less expensive;
• can provide more details regarding localization of the 

pathological parathyroid glands and their relationship 
with the surrounding anatomical structures;

• does not expose the patient to ionizing radiation;
• is operator-dependent and its diagnostic yield is, there-

fore, strongly conditioned by the experience of the medi-
cal sonographer;

Fig. 10  Image of planar scinti-
graphic examination performed 
with either “single-tracer 
double-phase” technique or 
with “double tracer subtraction” 
technique, documenting uptake 
by a right inferior parathyroid 
adenoma, which had already 
been visualized by the CDHR-
NUS (see Fig. 3)

Fig. 11  Image of planar scinti-
graphic examination performed 
with either “single-tracer 
double-phase” technique or 
with “double tracer subtraction” 
technique, with false negative 
result (failure to visualize the 
pathological parathyroid); the 
parathyroid adenoma (right 
inferior, solid and with a maxi-
mum diameter of about 2.8 cm) 
had already been visualized by 
the CDHR-NUS (see Fig. 4)
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• has a lower sensitivity in identifying the ectopic patho-
logical parathyroids [38], in particular those located in 
the mediastinum or at the tracheo-esophageal groove.

In common clinical practice, parallel use of CDHR-
NUS and 99mTc-MIBI PS (preoperative performance of 
both in all patients with PHPT) is the most widely used 
diagnostic protocol [39, 40] and is supported by the 
following:

• numerous previous studies have shown that the joint use 
of the two methods increases the diagnostic accuracy in 
the localization of pathological parathyroid glands [37, 
41–45], above all in the presence of thyroid nodular dis-
ease [46, 47];

• the comparison of their outcomes (concordance/discord-
ance), together with certain clinical-anamnestic data, 
conditions the choice of the type of surgical interven-
tion [48]: full agreement of the two methods on a sin-
gle site of localization, together with determined serum 
calcium levels (total calcaemia ≥ 12 mg/dl or ionized 
calcaemia > 1.4 mmol/l) and sPTH (≥ 140 pg/ml), pre-
dicts with high accuracy (> 95%) the presence of SA as 
a cause of PHPT and allow the surgeon to carry out a 
LNE (MIP or UNE) [49–51]; in case of discordance of 
the results (and, therefore, also of the negativity of one 
of the two methods), although the probability of MGD is 
significant [52], the surgeon can still decide for a LNE, 
which he will have to carry out with the indispensable aid 
of the IOPTHm [53–55]; in case both of the methods are 
negative, with the probability of MGD being even higher 
(especially in the presence of a MEN), the surgeon may 
use “second-line localization methods”[represented by 
Computed Tomography (CT) and Magnetic Resonance 
(MR)]—in order to be able to try a LNE or opt for the 
BNE without resorting to further instrumental examina-
tions [20, 56–58].

Methods

An analytical observational study was performed that exam-
ined a series of 136 patients (102 females and 34 males, 
about 3:1 F/M ratio, aged between 17 and 83 years, average 
age about 59 years) with laboratory diagnosis of PHPT, sub-
mitted since 2001 at 2017 to PTX surgery. To the 61 patients 

Fig. 12  Image of planar scinti-
graphic examination performed 
with either “single-tracer 
double-phase” “technique or 
with “double tracer subtraction” 
technique, with false negative 
result (failure to visualize the 
pathological parathyroid); the 
parathyroid adenoma (right 
inferior, mainly cystic and 
with a maximum diameter of 
about 3.5 cm) had already been 
visualized by the CDHR-NUS 
(see Fig. 6)

Fig. 13  Image of scintigraphic examination SPECT/CT of a left infe-
rior parathyroid adenoma, which had already been visualized by the 
CDHR-NUS (see Fig. 5). The tracer uptake area is located caudally at 
the inferior pole of the thyroid lobe from the tomographic image
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from our previous studies [59] operated on in the period 
2001–2011 and examined retrospectively, an additional 75 
patients operated in the period 2012–2017 were added and 
examined with the same variables in a prospective manner. 
The present study was, therefore, carried out by examining 
a larger case study of a single medical sonographer expert 
in cervical pathology, with the aim of confirming the role 
of CDHR-NUS as the main and possibly unique method of 
preoperative localization of pathological parathyroid tissue.

PHPT was completely asymptomatic in 53 patients (39%) 
and the diagnosis was made following the random finding of 
hypercalcaemia. In 83 symptomatic patients (61%), nephro-
lithiasis was the most common manifestation, being present 
in 61 of them (73.5%); other clinical manifestations (more 
frequently represented by asthenia, easy fatigue, arthromy-
algia, widespread bone pains) were present in 23 patients 
(27.7%).

The PHPT laboratory picture was classical (hypercalcae-
mia associated with high sPTH) in 131 patients (96.3%), 
normocalcemic in three patients (2.2%) and normohormo-
nal in the remaining two patients (1.5%). Hypercalcaemia 
was present in most cases (133 patients, 97.8%) and was 
only ionized in two patients (2%), mild (10.3–11.9 mg/dl) 
in 105 patients (79%), moderate (12–13.9 mg/dl) in nine-
teen patients (14%) and severe (≥ 14 mg/dl) in seven patients 
(5%); in only three of these last seven patients severe hyper-
calcaemia manifested with important symptoms and led 
to hospitalization. sPTH was increased in most cases (134 
patients, 98.5%), with values within twice the upper limit of 
normal (≤ 140 mg/dl) in 57 patients (42.5%) and greater than 
twice the same limit (> 140 mg/dl) in 77 patients (57.5%), 
in which it had values between 297 and 800 mg/dl (mean 
150 mg/dl). sPTH was inappropriately normal (normohor-
monal PHTP) only in two patients (1.5%) (Table 1).

All patients were preoperatively submitted to both 
CDHR-NUS and 99mTc-MIBI PS, with the aim of obtaining 
the largest quantity of information possible about the exact 
location of pathological parathyroids. US-guided needle 
aspiration was not performed in any of the patients, as the 
information provided by CDHR-NUS and 99mTc-MIBI PS 
was considered sufficient. Second-line localization methods 
(CT or MR) were used in only six patients (4.4%).

The CDHR-NUS of all patients in the series was per-
formed and reported by a single medical sonographer expert 
in cervical pathology; the examinations were performed by 
ultrasound machines equipped with multi-frequency linear 
probes and color-power-Doppler module (ATL HDI 3000, 
ESAOTE MyLab 70 XVG, ESAOTE MyLab Twice). In all 
patients, B-mode real-time ultrasonography was integrated 
with color-power-Doppler examination and the thyroid was 
also examined. A concomitant nodular thyroid disease was 
present in 77 patients (56.6%) and absent in the remaining 
59 (43.4% of cases). Elastosonography was not performed 

in any of the patients, as it was not available in the equip-
ments in use.

99mTc-MIBI PS, reported by several nuclear physicians, 
was performed in 80 patients (58.9%) with double tracer 
subtraction technique and in the remaining 56 patients 
(41.1%) with single-tracer double-phase technique. Tomo-
graphic imaging (SPECT and SPECT/CT) was only used on 
ten patients (7.3%); SPECT/CT was only recently acquired 
by one of the diagnostic centers of the present study.

To each of the two diagnostic methods were ideally 
assigned four potential sites for preoperative localization of 
pathological parathyroids (superior or median right/left for 
the two superior parathyroids, inferior right/left for the two 
inferior parathyroids). The localization site indicated in the 
report of CDHR-NUS and 99mTc-MIBI PS was compared 
with the results of the operative act, taken as gold standard 
for each patient. For both of the methods were considered 
true positive (TP) pathological parathyroids correctly local-
ized and excised, false negative (FN) pathological parathy-
roids not localized and in any case removed, false positive 
(FP) the localization sites indicated but not corresponding 
at the time of intervention to any pathological parathyroid 
and true negatives (TN) localization sites not mentioned in 
the report and resulting surgical disease free (corresponding 
to normal parathyroid sites). The diagnostic performance 

Table 1  Characteristics of the sample under examination

Total number of patients 136
 Male 34
 Female 102
 F/M 3:1
 Average diagnosis age 59

Asymptomatic patients 53 (39%)
Symptomatic patients 83 (61%)
 Nephrolithiasis 61 (73.5%)
 Other symtomatology 23 (27.7%)

PHPT laboratory picture -
 Classic 131 (96.3%)
 Normocalcemic 3 (2.2%)
 Normohormonal 2 (1.5%)

Serum calcium levels hypercalcaemia 133 (97.8%)
 Only ionized 2 (2%)
 Mild (10.3–11.9 mg/dl) 105 (79%)
 Moderate (12–13.9 mg/dl) 19 (14%)
 Severe (≥ 14 mg/dl) 7 (5%)

Normocalcaemia 3 (2.2%)
Serum PTH levels increased 134 (98.5%)
 Within twice the upper limit of normality (≤ 140 pg/

ml)
57 (42.5%)

 Over twice the upper limit of normalilty (> 140 pg/
ml)

77 (57.5%)

Inappropriately normal 2 (1.5%)
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indexes of the two methods—sensitivity, specificity, positive 
predictive value (PPV), negative predictive values (NPV), 
likelihood ratio (LR)—were determined using statistical 
software (SPSS ver 17, Chicago IL, USA) and were then 
compared to each other. Furthermore, an analysis of the 
reciprocal preoperative concordance/discordance of CDHR-
NUS and 99mTc-MIBI PS was performed, distinguishing—
on the basis of what was described in the reports—the 
following four possibilities: full concordance, when both 
agreed on the exact location of one or more pathological par-
athyroids; partial concordance, when both did not fully agree 
on the location of the pathological parathyroid (agreeing on 
the side but not on the location or indicating one of the two 
only the side and not the location or still both indicating the 
same site and only one of the two only a further localization 
site); discordance, when they indicated completely differ-
ent localizations or were positive and the other negative by 
localization of pathological parathyroid; negativity of both 
methods for localization of pathological parathyroids. The 
136 patient in the series were, therefore, divided into four 
groups (A, B, C, D) (Table 2).

Surgical interventions were performed by endocrine-sur-
geons under general anesthesia using anterior basicervical 
cervicotomy. In 99 patients (72.8%) the intervention was 
only parathyroid (PTX) and in the remaining 37 patients 
(27.2%) also thyroid (partial or total thyroidectomy for con-
comitant thyroid pathology or by intratiroidal localization of 
the parathyroid adenoma). PTX was performed by UNE in 
121 patients (89%) and by BNE in the remaining 15 patients 
(11%). The BNE, used as the first surgical approach only 
in unique patient effected by MEN1, was necessary in the 
other 14 cases due to an insufficient drop of IOPTH levels 
or to MGD reported by CDHR-NUS and/or 99mTc-MIBI PS 
or even (in only one case) for negativity of CDHR-NUS 
and 99mTc-MIBI PS. In all cases the surgeon used both 
the localization information provided by CDHR-NUS and 
99mTc-MIBI PS and the IOPTHm as an immediate guide 
to the effectiveness of the intervention. The removed para-
thyroids were subjected both to extemporaneous histologi-
cal examination of the freezer and to definitive histological 
examination.

In all the patients the intervention was decisive (com-
plete remission of the PHPT laboratory picture both in the 
immediate post-operative and in a control visit carried out 

within one month of the intervention) and without major 
complications.

Results

In the context of the 136 interventions carried out, a total 
of 148 pathological parathyroids were removed, having 
a maximum diameter of between 0.5 and 7 cm (weight 
between 200 mg and 32 g); the histological examination 
identified 141 of them (95.2%) as “adenoma” and the 
remaining seven (4.8%) as “hyperplasia”. There were no 
cases of PHPT supported by parathyroid carcinoma. The 
pathology responsible for PHPT (Table 3) was represented 
in 126 patients (92.6%) by SGD (single adenoma, SA) and 
in ten patients (7.4%) by MGD. Of the 126 SAs, 38 (30%) 
involved the superior parathyroid and 88 (70%) involved 
the inferior parathyroid; the inferior 88 SAs, unlike what 
is described in Ref. [60], were localized more frequently 
on the right (49, 56%) than on the left (39, 44%). The three 
cases of normocalcemic PHPT and the two cases of nor-
mohormonal PHPT were also due to SGD. 22 SAs (17.4% 
of the 126 removed) were ectopic results: nine upper medi-
astinal, six intrathyroidal, five tracheo-esophageal, two ret-
roesophageal/paratracheal. Also in our series the intrathy-
roidal localization was not infrequent (4.7% of all the 
removed parathyroids) and involved the inferior parathy-
roid in the majority of cases (five out of six, 83%). MGD 
was sustained in six patients (60%) by a double adenoma 
(DA, ipsilateral in three cases and contralateral in the other 
three cases), in three patients with adenoma + hyperplasia 
and in a patient with diffused hyperplasia in a MEN type I 
(all four affected glands); in three of these ten patients, one 
of the pathologic parathyroids was ectopic (13.6% of the 
22 removed; one posterior paratracheal within an ipsilat-
eral DA, one retroesophageal as part of a contralateral DA 
and one mediastinal thymic within a diffuse hyperplasia). 
Of all 148 pathological parathyroids removed, 25 (about 
17%) were, therefore, ectopic (22 in the context of SGD 
and three in the field of MGD); the ectopic localization 
affected the inferior parathyroid more frequently (17 cases, 
68%) than the superior parathyroid (eight cases, 32%).

For both the CDHR-NUS and the 99mTc-MIBI PS, the 
diagnostic performance indexes were calculated (Tables 4, 
5):

• for the whole series (SGD + MGD—136 patients);
• for the SGD (126 patients);
• for the MGD (10 patients);
• for ectopic pathological parathyroids (EPP—25 patients 

in the whole series).

Table 2  Preoperative concordance/discordance/negativity of CDHR-
NUS and 99mTc-MIBI PS

Group A
full concordance 
patients (%)

Group B
partial concord-
ance patients 
(%)

Group C
discordance 
patients (%)

Group D
negativity of 
both methods 
patients (%)

80 (58.8) 17 (12.5) 37 (27.2) 2 (1.5)
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Table 3  Type of parathyroid pathology that determined PHPT in the case series

Parathyroid pathologies Patients (%)

SGD (single adenoma—SA) (126 parathyroids removed) 126 (92.6)
 Superior parathyroids 38 (30)
 Inferior parathyroids 88 (70)
 Right Inferior 49 (56)
 Left Inferior 39 (44)
 Ectopic parathyroids 22 (17.4% of 126 removed SAs)
 Superior mediastinal 9
 Intrathyroidal 6
 Tracheo-esophageal 5
 Retro-esophageal/paratracheal 2

MGD (22 parathyroids removed) 10 (7.4)
 Double Adenoma (DA) 6
 Adenoma + Hyperplasia 3
 Diffused Hyperplasia (MEN1) 1
 Ectopic parathyroids 3 (13.6% of the 22 pathological parathyroids removed)
 Paratracheal 1
 Retroesophageal 1
 Superior Mediastinal 1

Ectopic pathological parathyroids (EPP) (in the whole series) 25 (17% of all 148 pathological parathyroids removed)
 Inferior parathyroids 17 (68)
 Superior parathyroids 8 (32)

Definitive histological examination (operating piece—148 removed pathological para-
thyroids)

 Adenoma 141 (95.2)
 Hyperplasia 7 (4.8)

Table 4  Diagnostic 
performance of CDHR-NUS

CDHR-NUS SGD + MGD (136 
patients)

SGD (126 patients) MGD (10 patients) EPP (25 patients)

(%) CI 95% (%) CI 95% (%) CI 95% (%) CI 95%

Sensibility 89 84–94 94 90–98 59 39–80 80 66–94
Specificity 99 97–100 98 97–100 100 100–100 100 100–100
PPV 96 92–99 94 90–98 100 100–100 100 100–100
NPV 96 94–98 98 96–100 67 49–84 92 86–98
LR+ 59.91 27.0–132.8 56.8 27.2–118.5
LR− 0.11 0.07–0.17 0.06 0.03–0.12 0.41 0.25–0.68 0.20 0.10–0.41

Table 5  Diagnostic 
performance of 99mTc-MIBI PS

99mTc-MIBI PS SGD + MGD (136 
patients)

SGD (126 patients) MGD (10 patients) EPP (25 patients)

(%) CI 95% (%) CI 95% (%) CI 95% (%) CI 95%

Sensibility 71 64–78 74 67–81 35 14–56 53 35–71
Specificity 98 97–99 98 97–99 100 100–100 100 100–100
PPV 93 88–98 93 88–98 100 100–100 100 100–100
NPV 90 87–93 91 89–94 61 44–77 83 75–91
LR+ 35.1 17.5–70.2 37.3 18.6–74.6
LR− 0.30 0.2–0.38 0.27 0.20–0.35 0.65 0.47–0.90 0.47 0.32–0.68
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The diagnostic performance indexes obtained with 
the use of both methods for both the whole series 
(SGD + MGD—136 patients) (Table 6) and for the SGD 
alone (126 patients) (Table 7) were also determined.

In order to evaluate the effectiveness of the two diag-
nostic methods in predicting/excluding preoperatively the 
presence of SA/MGD, the concordance/discordance data 
reported in Tab. 2 were compared with the results of the 
operative act (finding of SGD vs MGD) (Table 8); MGD 
was distinguished in “reported” when preoperatively iden-
tified by one or both methods and “not reported” if identi-
fied only by surgery.

From the analysis of the data processed, the following 
emerges:

the CDHR-NUS carried out by an expert medical sonog-
rapher has a high sensitivity and higher than that of the 
99mTc-MIBI PS in all four processes performed (Tables 4, 5):

• 89% CDHR-NUS vs 71% 99mTc-MIBI PS for all the cases 
(SGD + MGD);

• 94% CDHR-NUS vs 74% 99mTc-MIBI PS for the SGD;
• 59% CDHR-NUS vs 35% 99mTc-MIBI PS for MGD;
• 80% CDHR-NUS vs 53% 99mTc-MIBI PS for EPP.

According to literature data, the sensitivity of both 
CDHR-NUS and 99mTc-MIBI PS for MGD was significantly 
lower (50% and 35%, respectively) and this explains why 
the sensitivity values of both methods were higher in 126 
patients with SGD (94% CDHR-NUS and 99mTc-MIBI PS 
74%) and lower in the whole series (CDHR-NUS 89% and 
99mTc-MIBI PS 71%).

The simultaneous use of both methods does not deter-
mine a significant increase in total sensitivity, both in the 
case of the whole series (136 patients; 91% with CDHR-
NUS + 99mTc-MIBI PS vs 89% with CDHR-NUS alone) than 
in the case of only SGD (126 patients; 95% with CDHR-
NUS + 99mTc-MIBI PS vs 94% with only CDHR-NUS) 
(Tables 6, 7).

We think that the high values of specificity detected both 
for CDHR-NUS and for 99mTc-MIBI PS, not all substan-
tially different, are due to the type of statistical analysis 
performed: since there were no healthy patients in the case 
series (all the patients examined had a certain diagnosis of 
PHPT), the true negatives were numerous because corre-
sponding in each patient to the disease-free parathyroid sites.

As already observed in other studies [54, 61], the preop-
erative concordance of the two methods was obtained in only 
a part of the patients (full in 80, 58.8%, partial in seventeen, 
12.5%). Three cases of MGD (corresponding, respectively, 
to adenoma + ipsilateral hyperplasia, adenoma + contralat-
eral hyperplasia and diffuse hyperplasia within MEN1) were 
only operatively identified (“not reported”) among the 80 
patients (group A, 58.8% of the cases) in which both meth-
ods agreed fully on an SA (incidence in this group of MGD 
not reported 4% and overall 6%). Three additional cases of 

Table 6  Diagnostic performance of CDHR-NUS + 99mTc-MIBI PS for 
the whole series

CDHR-NUS +99mTc-MIBI 
PS

SGD + MGD (136 
patients)

CI 95%

Sensibility 91% 86–95
Specificity 99% 98–100
PPV 97% 95–100
NPV 99% 97–100
LR+ 88.8 33.4–235.7
LR− 0.09 0.06–0.15

Table 7  Diagnostic performance of the CDHR-NUS + 99mTc-MIBI 
PS for SGD

CDHR-NUS +99mTc-MIBI 
PS

SGD (126 patients) CI 95%

Sensibility 95% 92–99
Specificity 99% 98–100
PPV 97% 94–100
NPV 99% 97–100
LR+ 98.5 37.1–201.4
LR− 0.05 0.02–0.10

Table 8  Preoperative 
concordance/discordance/
negativity of CDHR-NUS and 
99mTc-MIBI PS and findings of 
the operative act (SA vs MGD)

*p = 0.523

Glandular pathology 
(operative response)

Group A
full concordance 
patients (%)

Group B
partial concord-
ance patients (%)

Group C discord-
ance patients (%)

Group D
negativity of both 
methods patients 
(%)

80 (58.8) 17 (12.5) 37 (27.2) 2 (1.5)
SA 75 (94) 17 (100) 32 (86.5) 2 (100)
MGD reported 2 (2.5) 0 2 (5) 0
MGD not reported 3 (4)* 0 3 (8.5)* 0
Total MGD 5 (6) 0 5 (13.5) 0
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MGD (corresponding to two contralateral DAs and one ipsi-
lateral DA) were only operatively identified (“not reported”) 
among the 37 patients in which the methods were discordant 
(only one of the two methods positive for SGD; group C, 
27.2% of the cases; incidence of MGD not reported 8.5% 
and overall 13.5%). The incidence of MGD not identified 
by CDHR-NUS nor by 99mTc-MIBI PS (“not reported”), 
although prevalent in group C (discordance, 8.5%), is, there-
fore, present to a non-negligible extent also in group A (full 
concordance, 4%). Of the remaining four cases of MGD, in 
two the pathology was already reported preoperatively by 
both methods (group A, corresponding, respectively, to an 
ipsilateral DA and a contralateral DA) and in the remain-
ing two the same was already reported preoperatively only 
by the CDHR-NUS, resulting in the 99mTc-MIBI PS nega-
tive (group C, corresponding also in this case, respectively, 
to an ipsilateral DA and to a contralateral DA). There was 
no operative finding of MGD nor in the 17 cases of partial 
agreement (12.5%—group C) nor between the two cases of 
negativity of both methods (1.5%—group D) (Table 8).

Discussion and conclusions

Also in this study, according to data from literature, the 
PHPT is confirmed to be a prevalent pathology in the female 
sex (F/M 3:1) and sustained in the majority of cases (92.6%) 
by SGD (SA).

The high sensitivity values obtained by CDHR-NUS both 
in the overall series (136 patients, 89%) and in the SGD 
(126 patients, 94%), even in the presence of concomitant 
thyroid disease in a non negligible percentage (77 patients, 
56.5%), confirm that the ultrasonography is an operator-
dependent method and its diagnostic performance is con-
siderably higher if performed by those with more experience 
[27]. This is further demonstrated by the greater sensitivity 
obtained from CDHR-NUS compared to 99mTc-MIBI PS 
even in the localization of ectopic adenomas. In our series 
the CDHR-NUS was able to identify most of the ectopic 
adenomas both mediastinal (eight out of ten, 80%) and—
with the aid of color-Doppler—intrathyroidal (five out of 
six, 83%) and to locate all five tracheo-esophageal ectopic 
adenomas (100%).

It is believed that the lowest sensitivity values obtained 
from the 99mTc-MIBI PS compared to the CDHR-NUS are 
predominantly due to intrinsic limitations to the method 
(poor uptake or rapid wash-out of the 99mTc-SestaMIBI by 
some adenomas) and to the heterogeneous experience of 
the pool of nuclear physicians who reported the examina-
tions of individual patients. We also believe that the use of 
tomographic imaging (SPECT and SPECT/CT) in only a few 
patients in the series has had little influence on the diagnostic 
accuracy of 99mTc-MIBI PS. We think, in accordance with 

what has already been stated by previous studies [62, 63] and 
also considering what has been observed up to now in clini-
cal practice, that the use of SPECT/CT does not determine a 
significant increase in the diagnostic accuracy of the planar 
scintigraphic examination, being a complement of the latter 
and sharing with it the same limitations: the non-captive 
pathological parathyroid—possible occurrence in up to a 
third of patients [64]—is not visible at SPECT for the lack 
of emission of gamma radiation (cause of false negativity 
of the planar scintigraphic examination) or to the CT for the 
absence of the contrast medium and for the limited resolu-
tion of the obtained images (the examination is performed 
with a low dose protocol) (Fig. 14). We report that an overall 
sensitivity value of 99mTc-MIBI PS similar to that of our case 
series (about 71%) was obtained in a recent study [65] in 
which all scintigraphic tests were performed with SPECT/
CT. We, therefore, think that the utility of the SPECT/CT 
is limited to a better planning of the surgical intervention in 
cases of negativity of the ultrasound examination.

The low overall increase in total sensitivity obtained with 
the use of both methods in the entire case series (91% with 
CDHR-NUS and 99mTc-MIBI PS vs 89% with CDHR-NUS 
alone) and in the SGD (95% with CDHR-NUS and 99mTc-
MIBI PS vs 94% with CDHR-NUS alone) also corroborates 
what has already been stated by numerous previous studies 
[25, 66–69] in favor of the serial or sequential use of the 
two diagnostic methods: in the presence of expert medical 
sonographers, the CDHR-NUS assumes the role of main 
and possibly unique method for preoperative localization of 
pathological parathyroid glands. In these circumstances the 
execution of 99mTc-MIBI PS (even with SPECT/CT, if avail-
able) results justified and necessary only in the case of nega-
tive or non-diagnostic outcome of the ultrasonography. This 
is further confirmed by what we found in our series: in 30 
of the 31 cases (96.7%) of positive CDHR-NUS and of con-
textual negative or non-diagnostic outcome of 99mTc-MIBI 

Fig. 14  Image of scintigraphic examination SPECT/CT with false 
negative result (failure to visualize the pathological parathyroid). Par-
athyroid adenoma (left superior), not even visible at planar scintigra-
phy due to lack of uptake, had already been visualized by the CDR-
HNUS (see Fig. 2)
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PS, the surgical intervention was performed with success 
based on the ultrasonography data only and with the help 
of the IOPTHm, without using any second-line localization 
method; the CT scan was performed in only one of these 31 
cases, which was then due to a DA, but had no use, having 
located only one of the two pathological parathyroid glands 
(the one already reported by the CDHR-NUS); 99mTc-MIBI 
PS did not add any additional localization information in all 
cases in which CDHR-NUS was positive and was useful only 
in the six cases (4.4% of the total) in which the CDHR-NUS 
was negative or doubtful, localizing five SAs and one of the 
adenomas of a MGD (DA).

Therefore, in reiterating that in expert hands the CDHR-
NUS is an accurate preoperative localization method, we 
should remember that it is also a “cost-effective” method 
[70, 71]. When carried out as the only preoperative localiza-
tion method, it offers the following advantages:

• it is harmless and easy to perform and also allows a con-
textual evaluation of the thyroid; the results obtained also 
confirm that any concomitant thyroid nodular pathology 
does not significantly influence the diagnostic sensitivity 
of the method [72];

• it allows to obtain good details regarding the pathological 
parathyroids (dimensions, echostructure), their location 
and their relationship with the surrounding anatomical 
structures and allows the expert surgeon to carry out a 
targeted and decisive intervention, also with the help of 
the IOPTHm;

• it is cheaper and allows to reduce the costs of preopera-
tive imaging, without causing a significant reduction of 
diagnostic accuracy [69, 73]: based on the current reim-
bursement schedule of the Piedmont Region of Italy, 
healthcare facilities receive €28.4 for an ultrasonogra-
phy of thyroid-parathyroid and €191.1 for a parathyroid 
scintigraphy (also SPECT/CT);

• it avoids the patient the ionizing radiation dose of 99mTc-
MIBI PS: from the literature data [74], it appears that 
the effective dose delivered by parathyroid scintigraphy 
is about 6 mSv with single-tracer double-phase tech-
nique, of about 7.5 mSv with double-tracer subtraction 
technique and 8–9 mSv with the simultaneous use of CT 
(SPECT/CT) and is, respectively, 300 times, 375 times 
and 400–450 times the dose delivered by a chest radio-
graph (0.02 mSv).

We also think—based on the resulting data (Table 8)—
that the assessment of concordance/discordance between the 
two methods is neither a necessary nor indispensable datum: 
full agreement does not guarantee—as already demonstrated 
by previous studies [52, 75]—the absence of MGD, which 
has been identified only operatively in three patients in 
group A with the fundamental aid of IOPTHm [76]; the 

different incidence of MGD in groups A and C (4% and 
8.5%) was not statistically significant (p = 0.523) and this 
shows that the finding of MGD in the two samples under 
examination is random and that concordance and discord-
ance have a similar limited ability to exclude or confirm the 
presence of MGD preoperatively; it is also confirmed that 
the discordance between the two methods or the negativity 
of both does not correspond in most cases to the presence of 
MGD [77], considering that a SA was operatively detected 
in 34 of the 39 patients in the two groups (C and D, 87.2%).

It is now increasingly evident that MGD, whose real 
incidence would currently be underestimated by monolat-
eral surgical techniques (UNE and MIP) [78], cannot be 
excluded preoperatively with absolute certainty with some 
of the diagnostic methods available today or with their joint 
use [79]. The current state of affairs is that to date no perfect 
preoperative localization method exists and that preoperative 
localization studies reliably identify the majority of patients 
with SGD and only a minority of those with MGD [57].

In accordance with what has already been stated in other 
studies, we, therefore, believe that, in the presence of expert 
medical sonographers, the parallel use of CDHR-NUS and 
99mTc-MIBI PS may now be definitively abandoned because 
of the following:

• “not cost-effective” [80], i.e. not justified in terms of cost/
effectiveness, being more expensive and not determining 
a significant increase in diagnostic accuracy; the con-
venience of the parallel use of the two methods is still 
supported by studies in which the ultrasonography has 
a significantly lower sensitivity because it is not carried 
out by expert medical sonographers [81];

• no longer justified by an unnecessary or indispensable 
request for preoperative agreement [82].

In the case of a negative result of both the CDHR-NUS 
and of 99mTc-MIBI PS, it could be “not cost-effective” and, 
therefore, the use of second-line localization methods (CT 
and MR) is not justified because:

• in the face of higher costs (based on the current reim-
bursement schedule of the Piedmont Region of Italy, 
healthcare facilities receive €244.5 for a CT neck and 
thorax without and with contrast medium and €368.4 
for a MR neck and thorax without and with contrast 
medium), they cannot guarantee—also considering the 
diagnostic accuracy values reported in literature and also 
in this case lower for MGD [83]—the localization of the 
pathological parathyroid in all cases that resulted nega-
tive to CDHR-NUS and 99mTc-MIBI PS;

• both with CT and MR, the patient is exposed to poten-
tial damage by the contrast agent (nephrotoxicity, pos-
sibility of even serious adverse reactions); in relation 
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to the CT protocol currently more used and publicized 
by scientific literature (4D-CT) [84]—we recall the fur-
ther and significant exposure to ionizing radiation that 
it causes to the patient who has already performed the 

99mTc-MIBI PS and which corresponds to an effective 
dose of at least 10 mSv (500 times the dose delivered 
by a chest radiography); moreover, its use is contrain-
dicated in young patients (women aged ≤ 30 years and 

LABORATORY DIAGNOSIS OF PHPT

NO (MILD PHPT) 
IS SURGERY (PTX) NECESSARY?

YES OBSERVATION
SURGICAL EVALUATION  

CDHR-NUS

POSITIVE NEGATIVE or DOUBTFUL

99mTc-MIBI PS (SPECT/CT)

POSITIVE NEGATIVE

LNE (UNE or MIP) with IOPTHm

Consider 
DROP OF POSITIVE 4D-CT or MR

IOPTH LEVELS

ADEQUATE NEGATIVE
INSUFFICIENT

or FAILED

SUCCESSFUL
SURGERY

BNE (with IOPTHm)

Fig. 15  Surgical treatment algorithm for SPHPT
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men aged ≤ 20 years), especially for the increased risk 
of thyroid cancer related to a dose to the thyroid organ 
of about 57 times higher than that of 99mTc-MIBI PS 
(92 mGy vs 1.6 mGy) [85]

Due to the above mentioned reasons, the use of second-
line methods cannot be considered as routine and should be 
limited to selected cases.

Considering everything said, we do not agree with the 
diagnostic localization strategies proposed by recent stud-
ies based on cost-effectiveness criteria and which foresee 
the use of CDHR-NUS followed by that of 4D-CT (without 
performing the 99mTc-MIBI PS) in case of a negative ultra-
sonography [86] or the use in all cases of both the CDHR-
NUS and the 99mTc-MIBI PS followed by that of the 4D-CT 
if the two methods of first line are discordant [87]; we can 
agree with the sequential use of CDHR-NUS and 99mTc-
MIBI PS (also proposed by our study), followed by perfor-
mance of the 4D-CT only in selected cases [88], but remem-
bering the possible use of the MRI in cases in which 4D-CT 
is contraindicated. In accordance with previous studies [89], 
we believe that it is still of fundamental importance—for 
effective and resolutive PHPT surgical treatment—not only 
the availability of accurate preoperative imaging but also and 
above all the skill and experience of the endocrine-surgeon, 
who must be able to convert, if necessary (insufficient or 
failed drop of IOPTH levels), a monolateral intervention 
(UNE or MIP) into a bilateral intervention (BNE) and to 
carry out the latter even in the absence of valid preopera-
tive indications of localization due to the negativity of the 
methods. The success of PTX still depends mainly on the 
surgeon’s experience rather than on the type of surgical tech-
nique used [90]; this is also shown by the fact that the lack of 
preoperative localization of pathological parathyroid glands 
due to the negative outcome of the imaging methods does 
not necessarily correspond to a lower success rate of the 
surgical intervention [58] and that the failure of the same is 
a more frequent occurrence in hospitals with a lower number 
of annual interventions [91].

At the conclusion of this study:

• we think that the famous aphorism by J.L. Doppman is 
still current today but it can be rephrased as follows: “The 
only localization studies required by a patient undergoing 
initial parathyroid surgery is to locate an experienced 
parathyroid surgeon and an equally skilled parathyroid 
sonographer”;

• we propose a surgical treatment algorithm (Fig. 15), 
applicable to all patients affected by SPHPT not previ-
ously operated and based on sequential use of CDHR-
NUS and 99mTc-MIBI PS with the aid of IOPTHm.
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