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Riassunto
Premesse. L’aumentata sensibilità delle indagini di loca-
lizzazione preoperatoria e la disponibilità del dosaggio
del paratormone con metodica intraoperatoria
(PTHIO) hanno aperto la strada per l’impiego di pro-
cedure mini-invasive nella chirurgia delle paratiroidi.

Summary
Background. The increasing sensitivity of preo-
perative localization methods in combination with
intraoperative parathyroid hormone (PTHIO) has
led to the use of minimally invasive procedures
in parathyroid surgery. In addition, it is usually
accepted that a decrease in PTHIO values by more
than 50% within 5 minutes after excision of hyper-
functioning parathyroid tissue can be considered
as a confirmation of  the adequacy of  the surgical
treatment.
The aim of this study was to evaluate the impact
of use of PTHIO on the success rate of mini-
mally invasive video-assisted parathyroidectomy
(MIVAP).
Methods. From March 2005 to March 2008 a se-
ries of  13 patients with pHPT underwent MIVAP
by an anterior approach in combination with preo-
perative ultrasound and 99Tc-SestaMIBI scinti-
graphy and PTHIO assay (UniCel® DxI 800 Be-
ckman Coulter, Fullerton, California, U.S.A.). Blo-
od drawings were routinely performed before skin
incision (T0), 5 minutes (T1) and 10 minutes (T2)
after the excision of the adenomatous tissue. Sur-
gery procedures were concluded when at T1 has
been reached a drop in PTHIO level >50% with
respect to preoperative levels. PTH, calcemia,
complications, pathologic findings, length of
hospital stay, operative times, timing and number
of sample collection, postoperative pain and co-

smetic results, were retrospectively analyzed.
Results. 13 patients (10 females, 3 males); median
age: 69 years old (range: 33-86); preoperative dia-
gnosis: 12 pts (92%) with sporadic primary hyper-
parathyroidism (pHPT), one (8%) with pHPT in
Multiple Endocrine Neoplasia type 1 (MEN1).
In 11 pts (85%) a drop of PTHIO value major
than 50% at T1 was observed; for one pts (8%)
the drop was of 19.5% (patient in MEN1) while
in one pts (8%) a rise of 83.20% was reached. In
all but one pts the drop was significant in T2. Only
one PTHIO was necessary after 20 minutes after
excision (T3). Median operative time and hospi-
talization was 85 minutes (range: 32-125), and 2
days (range: 2 -5) respectively. In all pts, frozen
sections and final histology showed benign dise-
ase. Morbidity was 3 (23%) transient hypocalce-
mias (1 syntomatic) and 1 (8%) haematoma.
Conclusions. Our data underline that a PTHIO
reduction of more than 50%, five minutes after
the resection of adenoma, is a predictor of suc-
cessful surgery and becomes of  fundamental im-
portance in surgical decision making when preo-
perative imaging studies miss the hyperfunctio-
ning parathyroid tissue.
Key-words: intraoperative parathyroid hormone,
minimally invasive video-assisted parathyroi-
dectomy, sporadic primitive hyperparathyroidism,
99Tc-sestaMIBI.

Una riduzione dei livelli sierici del PTHIO superiore al
50% rispetto ai valori del prelievo basale, dopo 5 mi-
nuti dall’asportazione dell’adenoma paratiroideo, è con-
siderata una riduzione significativa e conferma che il
trattamento chirurgico sia stato adeguato.
Metodi. Nel periodo tra marzo 2005 a marzo 2008, 13
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Introduction
The valid operative standard for the primitive hyper-

parathyroidism (pHPT) has been bilateral, cervical
exploration and the visualization of all parathyroid glan-
ds1. However, the increasing sensitivity of preoperati-
ve localization methods such as 99Tc-sestaMIBI scan-
ning and ultrasounds in combination with intraopera-
tive parathyroid hormone (PTHIO) assay have led to
the use of minimally invasive procedures in parathyroid
surgery2-4. In particular, the short half life, less than 5
minutes5, of  intact parathyroid hormone allows it to
be used during surgery to confirm the removal of  all
hyperfunctioning parathyroid tissue and previous stu-
dies6,7 have established that a reduction in the PTHIO
serum levels more than 50% with respect to the basal
values could be considered as a confirmation of  the
adequacy of the surgical treatment even if there are
discordant results about the more appropriate timing
of sample collection and number of samples8,9.

The aim of this study was to evaluate the perfor-
mance and clinical impact of intraoperative measure-
ments of  intact parathyroid hormone (PTHIO) in
conjunction with preoperative imaging and minimally
invasive video-assisted parathyroidectomy (MIVAP)
technique.

Materials and Methods
Experimental design

During the last 3 years, from 2005 to 2008, 13 pa-
tients with sporadic pHPT, diagnosed on the basis of
serum calcium values, PTH values and clinical symp-

toms, undergone MIVAP procedure. Preoperative,
calcemia and PTH concentrations were systematically
assayed. Moreover, complete preoperative assessment
(thyroid hormone serum concentrations, ultrasono-
graphy and 99mTc-SestaMIBI scintigraphy to evaluate
parathyroid glands, thyroid, and lymph nodes enlarge-
ment) was evaluated. In those patients who at the preo-
perative imaging evidenced the thyroid nodules or the
suspected parathyroid disease, fine needle aspiration
cytology was performed. The eligibility criteria for
MIVAP were: diagnosis of  single adenoma smaller than
35 mm based on preoperative localization studies
without associated goiter, suspected carcinoma of the
thyroid, secondary or recurrent hyperparathyroidism,
previous neck surgery and previous radiation to the
neck. Intact parathyroid hormone (PTH) in routine
mode was assayed the day before the parathyroi-
dectomy (basal PTH) while the PTHIO, performed
on samples drew in the operating room, were perfor-
med: before skin incision (T0), in order to avoid false
increase in the PTH concentration due to the physical
manipulation of the parathyroid glands during surge-
ry, 5 minutes (T1) and 10 minutes (T2) after the exci-
sion of  the parathyroid adenoma respectively. Every
blood drawing was immediately transported to the
laboratory, one floor below the surgical unit, which
was previously informed about the day and time of
operation to allow enough time for preoperative cali-
bration and running of  quality-control samples. Resul-
ts were available after 15 minutes, the required incuba-
tion time, and immediately communicated to the sur-
gical team in the operating room. Surgical procedures

pazienti con pHPT sono stati sottoposti a MIVAP;
preoperatoriamente è stata eseguita una ecografia del
collo e una scintigrafia tiroidea con Tc99-SestaMIBI e
durante l’operazione è stato dosato il PTHIO (Access2®

Beckman Coulter, Fullerton, California, U.S.A.). I pre-
lievi di sangue sono stati eseguiti immediatamente pri-
ma dell’intervento (T0), 5 minuti (T1) e 10 minuti (T2)
dopo l’asportazione del presunto adenoma paratiroi-
deo. L’intervento chirurgico è terminato quando, al
tempo T1 si è registrata una diminuzione del PTHIO
superiore al 50% rispetto i valori preoperatori. Il PTH,
la calcemia, le complicanze post-operatorie, la durata
dell’intervento e della degenza in ospedale, il numero e
la tempistica dei prelievi intraoperatori, il dolore po-
stoperatorio ed il risultato estetico, sono stati analizzati
retrospettivamente.
Risultati. Sono stati analizzati 13 pazienti (10 femmine e
3 maschi); mediana dell’età: 69 anni (range: 33-86); dia-
gnosi preoperatoria: 12 (92%) iperparatiroidismo pri-
mitivo di tipo sporadico e un (8%) iperparatiroidismo
in Neoplasia multiendocrina di tipo 1 (MEN1).
In 11 pazienti (85%) è stato osservato un calo del valo-

re di PTHIO maggiore del 50% al T1; in un paziente
(8%), invece, è stato del 19.5% in T1 e 63.9% in T2.
Infine, in un paziente (8%) si è verificato un aumento
dell’83.2% in T1 e un calo del 30% in T2; un’altra valu-
tazione è stata quindi effettuata dopo 20 minuti e si è
osservata una caduta significativa (-59%). La mediana
del tempo operatorio medio e del periodo di degenza
è stata 85 minuti (range: 32-125) e 2 giorni (range: 2-5)
rispettivamente. In tutti i pazienti è stato effettuato l’esa-
me istologico estemporaneo al congelatore e l’esame
istologico definitivo ha messo in evidenza una patolo-
gia benigna.
Sono state osservate 3 (23%) ipocalcemie transitorie
(solo una sintomatica) e 1 (8%) ematoma.
Conclusioni. I nostri dati sottolineano che una riduzione
del PTHIO superiore al 50% 5 minuti dopo l’asporta-
zione dell’adenoma paratiroideo è associata ad un trat-
tamento chirurgico adeguato e diviene di fondamen-
tale importanza quando le indagini di localizzazione
preoperatoria falliscono l’esatta individuazione dell’ade-
noma e risulta quindi indispensabile accertare il succes-
so della terapia chirurgica in tempo reale.



RIMeL / IJLaM 2009; 526

were deemed complete when at time T1 a PTHIO
drop of more than 50% with respect to the preopera-
tive values was observed, while if  the drop was not as
expected, the surgical procedures were continued with
conversion to open cervicotomy and bilateral cervical
exploration until finding and removing the pathologi-
cal parathyroid gland. The day after the operation we
measured PTH values while the calcemia was reached
4 hours, the following four days and the seventh one
after the operation. If a postoperative hypocalcemia
appeared, patients would be treated with substitutive
therapy with Calcium carbonate tablets and with
Dihydrotachysterol solution per os until normalization
of  calcium serum levels. Finally, complications, patho-
logic findings, postoperative pain, timing and number
of sample collection, operative times, length of hospi-
tal stay and cosmetic results were retrospectively analy-
zed, laryngoscopy included in order to check vocal cord
mobility three weeks after operation. The definition
of operative success was based on eucalcemia reached
for 6 months or longer after parathyroidectomy.

Surgical technique
MIVAP procedure, first described by Miccoli et

al.10-12, totally gasless, was performed through a single
20 mm skin incision in the central neck, 1-2 cm above
the sternal notch. Dissection was performed under en-
doscopic vision, using small conventional retractors and
needlescopic (2 mm) reusable instruments. The thyroid
lobe was retracted medially and the adenoma was ex-
tracted after clipping its pedicle. Video-assistance was
obtained using a 5 mm large 30 degree endoscope.
Haemostasis of the adenoma pedicle was achieved by
conventional vascular clips or by ligatures or exceptio-
nally by a harmonic scalpel.

PTHIO Method
Intact PTH assay, both in routine and intraoperative

mode, was performed on samples collected into po-
tassium EDTA anticoagulant tubes according to the
routine and intraoperative procedure of the Access
Immunoassay System Intact PTH respectively, a para-
magnetic particles, chemiluminescent immunoassay for
the quantitative determination of  PTH levels in human
serum and plasma on Access2 Beckman Coulter (Ful-
lerton, California, U.S.A.).

The calibration, valid up to 28 days, was performed
for routine and intraoperative modes using separate

calibration cards and two control levels, low and high,
were double assayed before and after surgical opera-
tion. The assay imprecision was evaluated by testing 2
levels of controls generating a total of 20 assays, 2
replicate per assay, over 10 days (Table I).

 The analytical range for PTH and PTHIO assays
was 1 – 3500 pg/ml and 6 - 3500 pg/ml respectively;
the reference interval for PTH values was 15-88 pg/
ml.

Calcium serum assay was performed with Olympus
AU5400 (Tokio, Japan) using the method Arsenazio
III (sensitivity < 0.12 mg/dL) and the reference inter-
val was 8.5 – 10.5 mg/dL.

Postoperative pain and cosmetic results
Postoperative pain was assessed in all patients by

means of  a visual analogue scale (VAS) according to
the Joint Commission International’s guidelines13. This
numeric pain intensity scale consisted of a 10 cm line
with the words “no pain = 0” on the left side and
“worst possible pain = 10” on the right side. All pa-
tients were asked to evaluate their pain 4 and 24 hours
after operation by describing its level with a number
from 0 to 10. Cosmetic results evaluated in all patients
with a verbal response scale. The verbal response scale
had four opinions: 1 = poor, 2 = acceptable, 3 = good,
4 = excellent. The patients were asked to grade the
cosmetic appearance of their wound 1 month after
surgery.

Results
MIVAP was performed in 13 patients (10 females

and 3 males) with median age of 69 years old (range:
33-86). Preoperative diagnosis was 12 (92%) sporadic
primary hyperparathyroidism (pHPT) and 1 (8%)
pHPT Multiple Endocrine Neoplasia type 1 (MEN1).
Preoperative median of calcium and PTH values was
11.00 mg/dL (range: 10.00 – 13.00) and 190 pg/mL
(range: 120 – 312) respectively.

Of the 13 patients, 11 (85%) had a >50% decrease
in their first post resection PTHIO values. Of  the other
two patients, one (8%) had a drop of 19.56% in T1
and 63.91% in T2 and the other one (8%), instead, had
a rise of 83.20% in T1 and a drop of 30% in T2. Due
to the fact that the drop in T2 was not >50% with
respect to the T0 values, another blood drawing was
performed after 20 minutes and a significant drop
(-59%) was found (Fig. 1). No false negative or false

Table I. PTHIO inter-assay and intra-assay imprecision.

                                                   INTER-ASSAY                                   INTRA-ASSAY
MEAN 57.76 472.90 57.82 470.61
SD 3.67 34.09 4.14 33.79
%CV 6.35 7.21 7.17 7.18

The assay imprecision was evaluated by testing 2 levels of  controls generating a total of  20 assay, 2 replicate per assay, over 10 days.
CV% = (standard deviation/mean)*100.
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positive results were reached.
The median of PTH values reached the day after the

parathyroidectomy was 29.8 pg/mL (range: 9.3 – 101).
The median of calcium values, four hours after the

operation was 9.58 mg/dL (range: 8.50 – 10.49) while
during the following four days 3 (23%) transient hypo-
calcaemias, among which only 1 revealed to be symp-
tomatic, were observed. The seventh day after the pa-
rathyroidectomy the median of the calcium values was
10.3 mg/dL (range: 8.6 – 10.6). A postoperative hae-
matoma was observed in one patient (8%) while there
were no laryngeal nerve palsies, definitive hypocalce-
mias, persistent pHPT and recurrent pHPT.

Conversion to standard cervicotomy was required
in one patient for ultrasound and 99mTc sestaMIBI
scan false positive results.

The postoperative pain evaluated by VAS at 4 and
24 hours after operation was 1.8 (range 0 to 6). The
median scare size was 2.0 cm and the cosmetic results
as evaluated by bias of the verbal response were 3.6
(range 1 to 4). In all patients, frozen sections and final
histology showed benign disease.

The median operative time was 85 minutes (range:
32-125) and the median hospitalization was 2 days (ran-
ge: 2-5). At a mean follow-up of 15 months (range:
3-33 months), all patients were normocalcemics.

Discussion
It is well known that, in most patients, preoperative

ultrasound and 99mTc-Sestamibi scanning of  the pa-
rathyroid identify the exact position and morphologic
characteristics of the adenoma. Moreover, if a single
adenoma, smaller than 35 mm, is diagnosed and all the
other eligibility criteria, described below, are satisfied, a
MIVAP technique is preferred to the conventional cer-
vical exploration with the identification of all para-
thyroid glands14-17, since it permits shorter operating

and hospitalization time with respect to the conventio-
nal methods, satisfactory cosmetic results and minimi-
zed postoperative pain18. PTHIO assay is often used
during MIVAP or other minimal invasive procedures
to confirm the removal of  hyperfunctioning para-
thyroid tissue even if there are discordant results about
the real influence of this assay on surgical decision-
making.

In our study we investigated the PTHIO values du-
ring surgical procedure and we found that all patients
with a PTHIO drop of  more than 50% were normo-
calcemics at the follow up, confirming its predictor
role of surgical success7,19. Moreover, we reached a
PTHIO drop lower than 50% in MEN 1 patient; in
this case, in fact, a presumed parathyroid adenoma was
removed and, since the PTHIO drop was not as ex-
pected, it was analyzed at the histophatologic frozen-
section revealing that it was a lymph node. Consequen-
tly, the surgical procedure continued with conversion
to open cervicotomy and bilateral exploration until the
pathological gland, situated in the controlateral side and
not indicated by the preoperative imaging studies, was
found and removed.

The PTHIO increase observed in the other patient,
instead, is correlated to the former removal of  a tu-
mor, that resulted to be a thyroid adenoma at frozen
section, during which there was an accidental physical
manipulation of the pathological parathyroid gland
located immediately posterior of the removed thyroid
nodule20. Consequently, the surgical procedure conti-
nued with the cervical exploration and the parathyroid
adenoma was found in a different place with respect
to that indicated by the preoperative imaging studies. 5
minutes after the removal of the real parathyroid ade-
noma, as expected, PTHIO began to drop, even if
not significantly, and after 10 minutes it decreased more
than 50% with respect to the pre skin incision PTHIO
value.

These data underline that the PTHIO assay during
parathyroidectomy adds information in surgical deci-
sion-making, leading to an additional intraoperative
investigation and resection of hyperfunctioning para-
thyroid tissue missed by 99 Tc-SestaMIBI scanning or
ultrasounds.

Regarding the postoperative complications, 3 patients
(23%) exhibited a transitory hypoparathyroidism (com-
plete recovery after an average of 3 days) but no defi-
nitive hypocalcemia, which necessitated a long life sub-
stitutive therapy, were registered. In particular, of  the-
se 3 patients, only one, with calcium serum levels as
low as 8.0 mg/dL, was treated with substitutive the-
rapy, thus reducing the rate of  hypoparathyroidism
necessitating therapy to 8% (1 patient).

As regards the timing of samples and the number
of  samples, our data suggest, in line with a previous
study8, that it could be sufficient to perform only two
PTHIO test during operation namely one before skin
incision and one five minutes after the resection of the

Figure 1. Intraoperative parathyroid hormone values during
minimally invasive video-assisted parathyroidectomy (T0: pre
skin incision value; T1, T2, T3: blood drawing performed
after 5, 10 and 20 minutes after resection of adenomatous
tissue).
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adenoma. In particular, if the PTHIO drop was more
than 50%, no other assay would be necessary, if  the
drop was not as expected, a T2 or more assays would
be mandatory. However, there are discordant results
about this topic8,9 and further investigations are nee-
ded to optimize the timing and number of samples to
improve PTHIO value-added to surgical decision
making. Moreover, PTHIO assay during MIVAP
would avoid a confirmation regarding the pathologic
parathyroid removal by performing a frozen-section
histopathologic analysis21,22, with a reduction of  costs.

Finally, regarding our patients, the less surgical tech-
nique invasiveness by dropping cervicotomy length and
a reduction in the cervix hyperextension during opera-
tion, minimizes postoperative pains and a satisfactory
aesthetic result was obtained.

Conclusions
In our experience, paratyroidectomy for pHPT with

MIVAP combined with preoperating imaging studies
and PTHIO assay during surgery is highly successful.
In particular, a PTHIO drop of more than 50%, five
minutes after the resection of adenoma, is a predictor
of successful surgery and becomes of fundamental
importance in surgical decision making when preope-
rative imaging studies miss the hyperfunctioning para-
thyroid tissue.
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