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In this issue of the European Journal of Nuclear Medicine
and Molecular Imaging, Joaquin Ortega and co-workers
report their pilot experience with a hand-held miniature
gamma camera for performing minimally invasive para-
thyroidectomy (MIP) in five patients with primary hyper-
parathyroidism (PHPT) most likely caused by a solitary
adenoma [1]. Pre-operative identification of a solitary
parathyroid adenoma characterised scintigraphically by
clear 99mTc-sestamibi uptake is widely recognised as the
main inclusion criterion for radioguided MIP utilising the
“conventional” hand-held intraoperative gamma probe in
PHPT patients, based on counting rates (and the corre-
sponding acoustic signal) as the sole guide [2–5]. Despite
the small number of patients included in their feasibility
study, the data reported by Ortega and colleagues [1] raise
several questions that are presently difficult to answer
unequivocally, but will presumably be the object of debate
in the near future. It should be emphasised that Ortega et al.
adopted a high-standard, strict protocol for preoperative
scintigraphic localisation of the parathyroid adenoma [1].
In fact, they systematically performed single-photon emis-
sion computed tomography (SPECT) to integrate with

tomographic information the localisation features of planar
99mTc-sestamibi dual-phase scintigraphy. Then, intraopera-
tively they compared the usefulness of a conventional
hand-held gamma probe with a new-generation hand-held
miniature gamma camera. The authors also performed
intraoperative quick assay of parathyroid hormone levels
(QPTH) to confirm successful removal of any hyperfunc-
tioning parathyroid tissue.

SPECT can be considered as an essential component of
the two scintigraphic procedures that today represent the
gold standard for pre-operative imaging of PHPT patients,
that is, single-tracer, dual-phase parathyroid scintigraphy
with 99mTc-sestamibi and dual-tracer parathyroid scintig-
raphy with 99mTc-sestamibi combined with a thyroid-
imaging agent (either 123I-iodide or 99mTcO4

−) [2–7]. It
should also be emphasised that combining parathyroid
scintigraphy with high-resolution ultrasonography of the
neck increases the accuracy of the pre-operative imaging
work-up, especially in disclosing possible multigland
parathyroid disease and in identifying concomitant thyroid
nodules. Moreover, ultrasonography provides precise an-
atomical information about the thyroid/parathyroid re-
gions, such as a possible deep position of the parathyroid
adenoma(s), a possible location near to or beyond the
jugular vein or carotid artery, and so forth [2–5]. Further
improvement of pre-operative imaging can be achieved by
using a pinhole collimator during the SPECT acquisition
[8] or by employing SPECT/CT and SPECT/MRI image
fusion analysis [9].

After imaging of the parathyroid adenoma employing a
full diagnostic dose of 99mTc-sestamibi, Ortega et al.
injected 111–185 MBq (3–5 mCi) 99mTc-sestamibi in the
operating suite 10 min before commencing MIP, on a day
different from the day on which they performed imaging
[1]. Such a “low-dose” protocol for radioguided parathy-
roid surgery [10–12] represents a relevant modification of
the technique originally described by Norman et al.
(adopted mainly in the USA), which entails injection of a
full 99mTc-sestamibi imaging dose (740–925 MBq, or 20–
25 mCi) 2–3 h before commencing MIP [13, 14]. A first
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important consequence of the low-dose protocol is that
radiation exposure to surgical staff in the operating suite is
minimised (it is approximately 10- to 15-fold lower than in
Norman’s protocol). Furthermore, injection of 99mTc-
sestamibi just a few minutes before commencing surgery
allows intraoperative detection also of parathyroid adeno-
mas characterised by fast washout of the radiopharmaceu-
tical, which account for approximately 20–30% of PHPT
patients [15].

One of the most intriguing issues raised by Ortega’s
article [1] is whether the use of the conventional counting
and acoustic hand-held gamma probe for parathyroid MIP
could be substituted by a hand-held miniature gamma
camera. In this regard, the first hand-held miniature gamma
camera was patented by Soluri et al. in 1997 [16] and
subsequently validated by Scopinaro et al. for sentinel
lymph node biopsy in patients with breast cancer [17]. This
device was based on a CsI(Tl) crystal coupled with a
position-sensitive photomultiplier tube (PSPMT). Other
subsequent miniature gamma cameras utilised either scin-
tillation crystals or semiconductor materials such as CdTe
and CdZnTe [18, 19]. In the clinical setting, use of these
cameras was explored mostly for sentinel lymph node
biopsy or radioguided occult lesion localisation (ROLL) in
breast cancer patients [17, 19], radioguided biopsy of
equivocal breast lesions trapping 99mTc-sestamibi or 99mTc-
bombesin [19], and radioguided identification for excision/
biopsy of bone lesions such as osteoid osteoma (with
99mTc-diphosphonates) or in the diabetic foot (with 99mTc-
HMPAO-labelled autologous leucocytes) [19]. Indepen-
dent preliminary experiences also concerned the detection
by external imaging of small thyroid nodules not visualised
by a conventional Anger gamma camera [20] and radio-
guided parathyroid surgery [21].

One of the major problems encountered with the use of
those first-generation miniature gamma cameras, such as
that described by Kitagawa et al. [21], was that they were
quite bulky and cumbersome to handle, thus requiring
systematic support with a mechanical arm. This reduced
the surgeon’s ability to handle the miniature gamma camera
properly in the operating suite, and therefore increased the
overall operating time. In contrast, the more recent hand-
held miniature gamma cameras, such as the one employed
by Ortega et al. [1], weigh only 1 kg or less, and are
significantly easier to handle and suitable for use in the
operating suite. Furthermore, they are characterised by high
sensitivity and a high spatial resolution, with values
approaching that of the conventional counting and acoustic
gamma probes. Moreover, it is possible to perform dynamic
real-time imaging (e.g. of the thyroid and parathyroid
glands) in the operating suite, including lateral views of
the neck and exploration of the mediastinal space. This
combination provides the surgeon with important infor-
mation on the operating basin, and can further help to
localise the parathyroid adenoma(s).

Although the conventional gamma probe has proven to
be of high value for the intra-operative detection of
parathyroid adenomas, especially when they are located
ectopically or deeply [2–5], it can now be speculated that

the gamma probe and the hand-held miniature gamma
camera could perform synergistically when operating on
some parathyroid adenomas that are difficult to localise
intra-operatively. On the other hand, the advantage of the
miniature gamma cameras in providing imaging informa-
tion in addition to the counting rates and acoustic signal is
somewhat counterbalanced by their cost, which is at
present approximately 10–15 times that of a conventional
gamma probe [19, 22]. Therefore, the purchase of a
miniature gamma camera seems to be justified only in
specialised medical centres where radioguided surgery is
routinely performed for a wide range of applications
(sentinel lymph node biopsy, ROLL etc.) [23].

Two additional issues raised by the report of Ortega et al.
[1] concern the possibility of substituting pre-operative
scintigraphic localisation of parathyroid adenoma(s) with
intra-operative real-time dynamic acquisition with the
hand-held miniature gamma camera, and avoidance of
the intra-operative QPTH assay by using the hand-held
miniature gamma camera.

Concerning the first issue, it actually appears hard today
to think of parathyroid surgery, especially MIP, without
accurate planning based on pre-operative localisation
imaging. This enables the surgeon to expect certain
anatomical conditions at operation and therefore to plan
the most feasible surgical approach: (i) MIP via a middle
neck access; (ii) MIP via a lateral neck access; (iii)
unilateral neck exploration (skin incision greater than MIP)
to treat a concomitant uninodular goitre associated with an
ipsilateral parathyroid adenoma; or (iv) bilateral neck
exploration in the case of multigland parathyroid disease or
concomitant multinodular goitre. In this regard, accurate
pre-operative localisation imaging (especially when
SPECT is performed) most likely represents a more
objective examination than intra-operative real-time dy-
namic acquisition with a hand-held miniature gamma
camera, which is expected to be more operator dependent.
Furthermore, pre-operative SPECTexamination with semi-
quantitative assessment of 99mTc-sestamibi uptake by the
parathyroid adenoma is useful for better selection of PHPT
patients for MIP [24].

Concerning, finally, the issue of whether or not to
systematically employ QPTH measurements intra-opera-
tively, it is worth noting that in the experience of Murphy
and Norman (who adopted a high-dose 99mTc-sestamibi
protocol, commencing surgery 2–3 h post injection), the
so-called 20% rule enables avoidance of the QPTH
procedure without increasing the failure rate of radioguided
parathyroid surgery [25]. Unfortunately, the 20% rule does
not perform as well with the low-dose protocol (99mTc-
sestamibi injected a few minutes before commencing
surgery) [10, 26]. This difference is probably due to
different kinetics of 99mTc-sestamibi washout from para-
thyroid adenomas in the early phase and in the later phase
post injection [10, 26].

In conclusion, it is reasonable to speculate that hand-held
miniature gamma cameras will play a relevant role for MIP
in PHPT patients affected by a solitary parathyroid
adenoma. Availability of low-weight gamma cameras will
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certainly favour the diffusion of this approach. Never-
theless, very close cooperation in the operating suite
between the surgeon and the nuclear medicine physician
will be crucial for the development of the intra-operative
hand-held miniature gamma camera.
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