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Abstract

Purpose: Primary hyperparathyroidism (PHPT) represents the third endocrinopathy with an incidence about 25/100000
people. PHPT determines hypercalcemia that could be asymptomatic or symptomatic with various manifestations. The aim

of this study is to explain our point of view based on our long experience in diagnostic procedure and surgical intervention.

Materials and Methods: This retrospective, single-center study included 301 patients with PHPT treated from January 1997
to December 2020. In all cases, measurement of intra-operative PTH was performed. Pre-operative diagnostic procedure
performed included neck ultrasonography and technetium 99-m sestamibi imaging, in doubtful cases fine needle aspiration

biopsy and 18F-Flurocholine (FCH) positron emission tomography (PET) were performed.

Results: Of the 301 patients included, 223 were women (75%) and 78 men (25%), with a mean age of 51.8 years. After 2009,
a total of 219 surgical procedures were performed as minimal invasive parathyroidectomy and only in 9 cases bilateral neck
exploration was done. Before 2009, we use only open approach (73 patients). Io-PTH assay showed a reduction in 262 cases
(87%) but operative success was achieved in 283 cases (94,1%) thanks to the surgeon experience. A five-years follow-up was

performed and patients with successful surgery did not show any signs or symptoms of PHPT.
Conclusion: The development of diagnostic tools that localize with high precision abnormal parathyroid gland combined to
ioPTH enables the surgical treatment of patients with PHPT with focused approaches and excellent results that are stackable

of bilateral neck exploration. When this methods fails, only experienced surgeon could solve this situation.

Keywords: Primary hyperparathyroidism; intra-operative PTH-assay; mini-invasive parathyroidectomy; bilateral neck ex-

ploration; endocrine surgery
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Introduction

Primary hyperparathyroidism (PHPT) is a disease of
the parathyroid gland (PG) and it represents the third endo-
crinopathy after diabetes mellitus and thyroid disease. The inci-
dence is about 25/100000 people and as other endocrine disease,
it is more frequent in females than males with a ratio 1/3, with a

peak of incidence in the early post-menopausal [1,2].

PHPT causes an excessive production of parathormone
(PTH) that determined hypercalcemia due to the stimulation to
a higher bone reabsorption and an increased calcium reabsorp-

tion by renal tubule and by gut.

It is diagnosed through biochemical screening and ap-
pear an asymptomatic disordered related to hypercalcemia char-
acterized by a histological pattern that included parathyroid ad-
enomas (in >80% of cases), multiple adenomas and parathyroid
hyperplasia (about 15%), finally parathyroid carcinoma (<1%)
[3].

There are two types of PHPT: sporadic form (with no
familiar history) and hereditary form with an incidence of no
more than 10% in the PHPT population (MEN I, MEN IIa,
MEN 1V, familial hypocalciuric hypercalcemia, neonatal severe
PHPT). Possible causes of primitive hyperparathyroidism are
exposition to radiation in the neck area, treatment with lithium,

and hereditary pattern [4,5].

Parathyroidectomy, the only curative treatment for
PHPT, is recommended for patients with symptoms and for those
with asymptomatic disease who are at risk of progression or have
subclinical evidence of end-organ effects [6]. It is important to
have a pre-operative imaging to keep the correct localization of the

parathyroid gland because it permitted a mini-invasive approach.

In this case series, we explain our approach to the dis-
ease from diagnosis to surgical treatment, including intra-opera-

tive procedure performed, in over twenty-years’ experience.
Material and results

Demographic and clinical data were retrospectively en-
tered in a computerized endocrine surgery registry for all pa-
tients who underwent surgery for PHPT at our institution. Our
study included 301 patients with diagnosis of PHPT (78 males,
223 females, M: F=1:3), operated since 1997. We did not include
patients affected by secondary and tertiary hyperparathyroidism.
The average age at the time of the surgery was 51.8 (range 11-84

years).

Patients considered suitable for surgery and included
in our study were symptomatic PHPT and, asymptomatic PHPT
with age <50 years, persisted elevated serum calcium, vertebral
fracture, nephrolithiasis or nephrocalcinosis, creatinine clear-
ance of <60 ml/min, according to the American Association of

Endocrine Surgeon Guidelines [6].

One or more imaging investigations were done before
the hospitalization: neck ultrasonography (US) was performed
in all patients while scintigraphy in 283 patients (94%). PTH-
assay in fine needle aspiration biopsy (FNAB) during US was
performed in 30 patients. In the last 3 years, we performed in 24
patients 18F-Flurocholine (FCH) positron emission tomography
(PET) for doubtful position.

340 parathyroid glands were removed, 226 on the right
(66,5%), 79 on the left (23,2%), and 35 ectopic (10,2%). The his-
tological reports showed 221 single adenomas (65%), 71 multiple
adenomas (21%), 41 hyperplasia (12%), 7 parathyroid carcino-
mas (2%). Parathyroidectomy, homolateral thyroid lobectomy
and lymph node dissection was performed in patients with para-

thyroid carcinoma.

The surgical approach was chosen between bilateral
neck exploration (BE) and mini-invasive parathyroidectomy
(MIP) considering the results of the pre-operatory investiga-
tions. It should be mention that we started to perform MIP since
2009, so we have a first group that included patients from 1997 to
2009 that underwent to BE in any case (GROUP A=73 patients),
and a second group that included patients from 2009 to 2020 that
were approached with MIP or BE (GROUP B=228 patients).

In GROUP A, BE was considered the gold standard
surgical approach and for this, it was performed in all cases (73
pts=100%). In GROUP B, mini-invasive approach was the com-
mon surgical technique, and it was performed in 219 cases (96%)
and only in 9 cases (4%) BE was chosen from the beginning for
indeterminate localization in 3 cases and for concomitant thy-
roid carcinoma in 6 cases. Conversion to bilateral exploration
was due to impossibility to recognize the abnormal parathyroid

gland in 11 patients despite the pre-operatory imaging (5%).

Surgical failure (defined as the persistence of hypercal-
caemia and hyperparathyroidism) happened in 7 cases (9,6%) in
GROUP A, while in 11 cases (4,7%) in GROUP B. In GROUP B
all the failed procedure appeared when doubtful pre-operative
localization was present and BE or conversion to BE was neces-

sary.
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In GROUP A, complications reported were a transient
state of hypocalcaemia in 6 cases (8%), neck haematoma in 3 cas-

es (4%), and recurrent laryngeal nerve injury in 3 cases (2,7%).

In GROUP B, hypocalcaemia was not evidence in the
first post-operatory, neck haematoma and recurrent laryngeal

nerve injury was complained in 2 cases (0,9%).

In all patients, we performed PTH assay the day of hos-

pitalization and 10 minutes after abnormal PG removal.

The i0-PTH assay showed a reduction in 262 cases
(87%): more precisely there is a decline higher the 70% in 247
cases (82%), a decline of 40-70% in 45 cases (15%) and a decline
of 20-40% in 9 cases (3%). In 39 cases there was an insignificant
reduction of PTH in the blood test (13%).

In all the patients with a reduction of PTH value higher
than 40% (169 patients, 84%), we noticed that calcium level was
normalized in first post-operative day and they showed a normal

PTH level and a normal range of calcium serum.

The average length of staying (LOS) of GROUP A was 3
days (3-5 days), while average LOS of GROUP B was 2 days (1-3
days).

During a five-year follow-up consisting in an endo-
crinological visit with biochemical evaluation (serum calcium
level and PTH-assay) every six months for the first year and once
for the following 4 years, the patients that underwent to a suc-
cessful parathyroidectomy did not presented any type of recur-
rence of PHPT. In the group of patients with surgical failure (18
cases), three patients underwent to a new surgical approach after
localization study with 18F FCH-PET and clinical success was
obtained. A non-surgical management was used for the others
15 patients using Cinacalcet or Raloxifene depending on endo-

crinological indications.
Discussion

PHPT consisted in an inappropriate excessive pro-
duction of PTH resulting in hypercalcemia. In the moment of
the diagnosis, 85% of patients are completely asymptomatic or
lightly symptomatic, so called biochemical hyperparathyroidism
[7,8]. The presence of symptoms is related to the level of calcium
concentration and the increased level of PTH due to the loss of
regulating function of parathyroid cells. When hypercalcemia is
high enough, generally other 12 mg/dL (range 8,5- 10,5 mg/dL),
or if is increased rapidly in few days, symptoms are various and

included clinical manifestation (polyuria, polydipsia), neurolog-

ical manifestations (depression, psychosis, confusion, delirium,
stupor, lethargy), kidney involvement (renal calcolosis, nephro-
calcinosis, kidney failure), gastro-intestinal manifestations (dys-

pepsia, nausea, pancreatitis, stypsis), asthenia [9].

The recommended evaluation of a patient with sus-
pected PHPT included serum PTH, calcium, phosphate, alkaline
phosphatase activity, renal function tests, 25- hydroxyvitamin D.
Another test that should be included is 24-hour urine for cal-

cium and creatinine [5,10].

The diagnostic imaging that should be done is focalized

to find the correct localization of pathological parathyroid.

The most common localization study is neck ultra-
sound (US). Normal parathyroid glands usually are not recog-
nizable while thanks to the improvement of technology hyper-
plasic parathyroid gland are viewable since 5 mm diameter. The
position and the number of parathyroid glands is variable, and it
is important to consider all the possibility. Adenomatous para-
thyroid glands appear as nodular lesions especially hypoechoic.
They can be also with liquid area inside (4%) or with calcification
(2%), or with cystic aspect. Parathyroid glands usually present
mark shape or thin “like a cigar” with well-defined boundaries
due to the hyperechoic capsule that permits to distinguish from
the thyroid tissue. The sensibility of US reported in literature ar-
rived to the 85%, range 60%-95% depending on the dimension of
the gland and the radiologist experience [4,11].

Another important diagnostic tool to localize parathy-
roid gland is technetium 99-m sestamibi imaging (SPET). This
is the first radiopharmaceutical used to the localization of the
parathyroid glands. This modality achieves sensibility for finding
abnormal parathyroid glands of 69-91% but it can visualize only
pathological PG because the normal one is too small to be view-
able [11,12].In our practice, we performed this two diagnostical
approach because they guarantee in combination a high sensibil-
ity of the correct positioning of abnormal PG. PTH quantitation
in FNAB was performed in 30 cases and in 95% of cases was a

positive predictive value.

Recently, in Literature, it has been reported that 18F
FCH-PET with computed tomography (CT) is more accurate than
conventional morphological and functional imaging modalities
for the detection of parathyroid glands. In our analyses, consider-
ing the cost effectiveness, 18F FCH-PET should be considered in
case of doubtful localization of abnormal PG to permit a mini-
invasive surgery [13]. Since the 2017, we performed 18F FCH-PET

in 24 cases with a correct localization in 23 (95.8%) (Figure 1).
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Figure 1: 18F FCH-PET showed a parathyroid adenoma that causes hyperparathyroidism
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Another diagnostic instrument is 4D-CT that is a new
modality of parathyroid imaging and it is based on the features of
perfusion of parathyroid adenomas. The fast wash-in and wash-
out of adenomas can be analyse with a rapid sequence of im-
ages with the result of multiplanar image highly detailed that can
reveal abnormal parathyroid distinguishing from thyroid tissue
and lymph-nodes. In literature, studies support the utility of this
method in case of the reoperation of the neck. 4D-CT has an
86% of right primary positioning of abnormal parathyroid gland
and gives the possibility to discover multiglandular disease or ec-
topic parathyroid gland. The disadvantage is the exposition to a
high volume of radiation and that is why the indication to use it

should be given only in difficult case [7,10,14].

To complete the evaluation of the disease, it is impor-
tant to include abdominal imaging (abdominal x-ray or ultra-
sound) and vertebral imaging. Indeed, many studies show that
patients with asymptomatic PHPT have vertebral involvement

and renal stones or nephrocalcinosis [15,16].

The parathyroidectomy represents the definitive treat-
ment for PHPT, but this procedure requires an expert surgeon
due to the small dimension of PG and the variability of localiza-
tion of PG [17,18]. The percentage of success in patients affected
by parathyroid adenomas reaches the 95% of cases [11,18]. The
rate of persistence of disease (hypercalcemia within 6 months
from the surgery) or recurrence of disease (hypercalcemia after 6

months of surgery) is about 10-20% [11].

For the surgeon, pre-operatory imaging is very impor-
tant to decide the best operative strategy. The chosen of the sur-
gical approach (open surgery or mini-invasive surgery) depends
on adenoma sizes, the localization, the presence of pathological
thyroid, the presence of previous cervicotomy and the experi-

ence of the equipe.

The ectopic parathyroid localization is the 10-20 % of
all parathyroid gland and they can be retroesophageal, between
trachea and oesophagus, behind the farinx, and inside the thy-
roid gland, the thymus, and the mediastinum tissue [19].

Thanks to the short half-life of the molecule, the varia-
tion of PTH value can be considered significative in few minutes
after parathyroidectomy and can reduced substantially times of
classical exploration of the neck region. Some authors showed
that the PTH value decrease only after five minutes from removal
of parathyroid gland. The surgery became faster, safer, and less

expensive than before [20.21].

Traditionally the approach to the parathyroid surgery
includes bilateral exploration of thyroid lodge and the superior
mediastinum, starting from the normal positions of the four
parathyroid glands following the migration lines of the third
and fourth pouches, including the intra-thyroidal site. This is
important to avoid the missed finding of a second adenomas,
in a normal or ectopic side, a supernumerary gland and to treat
adequately a pluriglandular hyperplasia with a cure rate of the
90-95% in experienced hands. The traditional bilateral neck ex-
ploration resulted useless in the 80% of cases with a complication
rate of 1-3 % [22,23].

We performed mini-invasive approach, as described by
Miccoli et al., in 219 patients (72%) since 2009 with a clinical
success in 208 (95%). We use systemically this method to ap-
proach PHPT surgery, the principal indication for being eligible
for a focused approach is a successful pre-operative localization
because abnormal parathyroid gland is approached with a fo-

cused mini-incision [24,25].

The main advantage of intra-operative PTH assay (io-
PTH assay) resulted in the exploration of only one side of the
neck thanks to the possibility of predicting an accurate surgical
removal, excluding the presence of pathological parathyroid tis-
sue. The kinetics of elimination of PTH has a biphasic trend: in
the first 2-3 minutes there is a rapid decrease of PTH concentra-
tion in blood sampling, after it is possible to assist to a following
phase of decrease slower than the first one. This happens because
PTH is composed by more unites. Especially, the N-terminal
portion that is biologically active part has a half-life very short.
Thanks to this sub-unit, io-PTH assay is commonly used in in-

tra-operative identification [25].

In Literature is reported that there is a clinical sensibil-
ity of the 85% in io-PTH assay when a reduction higher than 50
% of the starting value of PTH after five minutes of the surgical
excision is marked in a blood sampling while after 10 minutes
the sensibility reaches the 97%, we prefer for this reason the as-
say after 10 minutes [26]. In some studies, the value of PTH was
related to the histology of the lesions: the PTH assay was higher
in parathyroid carcinoma than in other abnormal parathyroid

tissue.

The surgical approach must be traditionally open in
this situation: absent pre-operatory localization, suspected pluri-
gland interesting, suspected parathyroid carcinoma, PHPT Men-
related, PTPH related with goitre or thyroid cancer [4].
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The impossibility to localize with pre-operatory imag-
ing the PG involves the necessity to explore all the PG including
an area extending from the carotid bifurcation to the mediasti-
num. The technique of exploration includes the section of upper
thyroid peduncles, the medialization of thyroid lobes, the section
of medium thyroid vein. In addition, a trained eye is necessary to
recognized normal PG that appears tan in colour with a diameter

of 4-6 mm surrounded with an adipose capsule.

We have founded that in all patients with io-PTH assay
showed a decline higher than 40% of the starting value, calcium
serum levels were normalized. A decline smaller than 40% or no
decline have to be considered a surgical failure. When the result
is doubtful, it is important to include the possibility of an error
of the blood sampling. Some studies showed a slow decrease of

PTH value due to the manipulation during the surgical act.
Conclusion

Parathyroidectomy is the unique possibility to solve
PHPT and to avoid fatal complications, as we previous described
[26]. Mini-invasive approach is the technique of choice when lo-
calization is well-defined thanks to the use of ioPTH-assay and
the improvement of diagnostic tools. When the pre-operatory
imaging is doubtful for localization of abnormal PG or PHPT
is related to thyroid disease or genetic form, the gold standard
technique remains bilateral neck exploration. In most of the case,
io-PTH assay could confirm the correct surgical approach and
it can be essential in cases of multiple adenomas. The limit is
still the impossibility to suggest what to do when no variations of
PTH value is registered and, in this situation, only the experience

of the surgeon can solve this question.
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