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Abstract

Objectives To identify frequent MRI features of parathyroid
adenomas (PTAs) in patients with primary hyperparathyroid-
ism (PHPT) using a fast protocol with a 3 T magnet.
Methods Thirty-eight patients with PHPT underwent a 3 T-MR.
All patients had positive US and Tc-99 sestamibi, for a total
number of 46 PTAs. T2-weighted IDEAL-FSE and T1 IDEA
L-sequences, before and after contrast, were performed. Five
features of PTAs were recognised: hyperintensity, homogeneous
or "marbled" appearance and elongated morphology on T2-
sequences; cleavage plane from thyroid gland on T2-outphase;
rapid enhancement in post-contrast T1. Image quality for T2-
weighted IDEAL FSE and usefulness for IDEAL post-contrast
T1-weighted and T2-outphase sequences were also graded.
Results PTAs were hyperintense in T2-sequences in 44/46
(95.7 %), "marbled" in 30/46 (65.2 %) and elongated in 38/
46 (82.6 %) patients. Cleavage plane was observed in 36/46
(78.3 %), and rapid enhancement in 20/46 (43.5 %) patients.
T2-sequences showed both excellent fat suppression and
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image quality (average scores of 3.2 and 3.1). T2-outphase

images demonstrated to be quite useful (score 2.8), whereas,

post-contrast T1 images showed a lower degree of utility

(score 2.4).

Conclusions A fast protocol with 3.0-T MRI, recognising

most common features of PTAs, may be used as a second-

line method in the preoperative detection of PTAs.

Key Points

* 3 T MRI protocol based on T2-weighted IDEAL FSE se-
quences was used.

» T2-hyperintensity and elongated morphology are common
features of PTAs.

* 3 T MRI could be used in the preoperative detection of PTAs.

Keywords Parathyroid adenoma - 3 T Magnetic Resonance
Imaging - IDEAL sequences - Presurgical localisation -
Primary hyperparathyroidism

Introduction

Primary hyperparathyroidism (PHPT) is characterised by an
excess of parathyroid hormone (PTH) secretion, causing hyper-
calcemia, and occurs in about 1 % of adults [1-3]. PHPT is
caused by a single parathyroid adenoma (PTA) in approximate-
ly 90 % of patients, and by multiple gland hyperplasia (5 %),
double adenomas (4 %), and parathyroid carcinomas (1 %) [4].

Definitive treatment of PHPT is surgical in most cases.
National Institutes of Health (NIH) guidelines recommended
parathyroidectomy in all symptomatic and asymptomatic pa-
tients<50 years of age [5]. More recently, several authors pro-
posed more expansive criteria for surgical therapy, excluding
only those patients who are not able to tolerate surgery [6, 7].
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Nevertheless, with the variable number and anatomic loca-
tion of parathyroid glands, preoperative imaging has rarely
been used for traditional open-neck surgery [8—11]. Since
90 % of patients with PHPT have a single gland adenoma,
minimally invasive parathyroidectomy (MIP) was introduced
[12—14], with decreased intraoperative time, size of surgical
incision and complication rates [15, 16]. Accurate preopera-
tive localisation of parathyroid disease is absolutely critical for
effective surgical treatment when MIP is used [17, 18], and
almost all authors also recommend intraoperative PTH hor-
mone level monitoring [19-21].

Ultrasound (US) and 99mTc-sestamibi scintigraphy are the
dominant imaging techniques for preoperative location of
PTAs [22-30]. A preoperative approach that combines the
anatomic information of US and the functional information
of scintigraphy may localise a solitary PTA more accurately
(sensitivity of 95 %) than a single technique [31-36].

When first-line modalities fail to localise PTA, computed
tomography (CT) is generally proposed as a second line im-
aging technique to localise PTAs, particularly in the case of
ectopic glands in the upper mediastinum or in the case of post-
surgical recurrent PHPT [37-39]. Since 2006, a new CT tech-
nique, 4D-CT, has been introduced, combining detailed ana-
tomic definition and functional information based on enhance-
ment patterns [40, 41].

As in the case of CT, magnetic resonance imaging (MRI)
has been used as second line pre-operative localizing tech-
nique, or in the case of persistent post-operative PHPT. MRI
has been used with sensitivity at nearly 80 % in most studies
using 1.5 T magnets to preoperatively localise PTAs [42—45],
or at even higher sensitivities in other studies [46]. The use of
3 T magnets in head and neck MRI introduced some changes
of the intrinsic tissue relaxation parameters, improving the
preoperative detection of PTA [47]. In particular, at 3 T, the
signal-to-noise and the contrast-to-noise ratios are higher,
leading to an increased detection of small and hypervascular
tissues [48]; an excellent fat saturation can be obtained using
3 T magnets, thanks to chemical shift-based Dixon water—fat
separation methods, commercially known as IDEAL (Iterative
Decomposition of water and fat with Echo Asymmetry and
Least squares estimation) [49—52]. The use of time-resolved
imaging of contrast kinetics (TRICKS) [53], on the contrary,
resulted in only a modest improvement in PTA detection rates
[54]. In most previous studies, only non-specific MR signal
features of PTA have been ruled out (such as low T1 signal,
strong and fast enhancement and high T2 signal), which do
not allow for differential diagnosis of other entities that are
often located in the same anatomical sites (lymph nodes and
exophytic thyroid nodules) [55-57].

The purpose of our study was to identify recurrent
MR features of PTAs in patients with primary HPT, by
using a fast imaging protocol with a 3.0-T MRI scanner for
preoperative localisation.

Materials and methods
Patients

After obtaining institutional ethic review board approval and
informed consent, 38 patients (34 F; average age 65 years,
range 22—-88) with clinical diagnosis of PHPT were prospec-
tively enrolled in the study between July 2013 and July 2014.

All patients had both positive and concordant US and
sestamibi scans performed before the MR examination. US
and sestamibi scans localised a total of 46 adenomas, all lo-
cated in eutopic sites. Previous US and sestamibi evaluations
were performed at our Institution or were available for review;
thus, all the identified lesions were discussed in our centre by
radiologists and nuclear medicine specialists, and were includ-
ed in the study only in the case of high diagnostic confidence.
None of the patients had undergone surgery in the neck
region.

Study protocol

Before surgery, all patients underwent an MR examination by
a 3 Tesla unit (Discovery MR 750, GE Healthcare, Waukesha,
WI, USA) with a dedicated eight-channel neurovascular
phased array coil. Field of view was adjusted to include the
area from the carotid bifurcation to the level of tracheal carina.

All patients were imaged using a dedicated MRI protocol
composed of a three-plane localiser and T2-weighted IDEAL
FSE sequences (coronal, sagittal and axial planes).

A T1-weighted IDEAL sequence with the following pa-
rameters was then obtained (LAVA FLEX): TR 5 msec, TE
2 msec, FoV 240x300, Matrix 320x224, slice thickness
3.0 mm, acquisition time 18 sec. The same sequence was
performed after contrast media administration (0.1 mL/kg of
gadobenate dimeglumine, Multihance BRACCO, Milan,
Italy, at 2 ml per second followed by a 20-ml saline flush at
the same rate); six phases were acquired with an effective
temporal resolution of 18 s each, for an overall scan time of
1:48 min. The first post-contrast sequence began monitoring
the enhancement in the aortic arch through a fluoro-MR tech-
nique. Imaging parameters are summarised in Table 1.

Image review

Two radiologists with 8 and 7 years of experience in head and
neck imaging and a fifth year radiology resident reviewed the
MRI examinations by simultaneous consensus. The three
readers were aware of all other imaging results. Once PTAs
were identified by matching US and Tc-99 sestamibi scan
locations, the three radiologists evaluated the presence of five
features: hyperintensity on T2-weighted IDEAL FSE se-
quences, homogeneous signal or “marbled” appearance and
elongated morphology on T2-weighted IDEAL FSE
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Table 1  Scan parameters for 3 T MRI protocol

TR (msec) TE (msec) FoV Matrix Slice thickness (mm) Acquisition time (sec)
T2 IDEAL cor 2060 110 300%300 320%224 3.0 190
T2 IDEAL sag 2497 90 300%300 320%224 3.0 200
T2 IDEAL ax 5066 106 216%240 320%224 3.0 380
T1 IDEAL ax 5 2 240x%300 320%224 3.0 18 (x6)

sequences, presence of a cleavage plane between the PTA and
the thyroid gland, and rapid enhancement on T1-weighted
IDEAL post contrast sequences (Fig. 1).

The evaluation of these features was performed as follows:

— Hyperintensity: subjectively evaluated in comparison
with the signal intensity of the normal thyroid gland. In
case of doubt, radiologists drew multiple regions of inter-
est (ROIs) in the PTA and in the normal thyroid tissue.

—  “Marbled” appearance: a four-point score was used: 1 ho-
mogeneous; 2 quite homogeneous; 3 poorly homogeneous;

Fig. 1 Intrinsic features of
parathyroid adenomas on MR
images as described in the text.
(4) Hyperintensity; (B) oblong
morphology; (C) cleavage plane
between the PTA and the thyroid
gland, best seen using the India-
Ink artefact; (D) “marbled”
aspect; (£) fast and strong
enhancement on early post-
contrast TIWI

@ Springer

4 patchy. Glands with a score of 3 and 4 were considered to
have a “marbled” appearance.

Elongated morphology: if the ratio between the longest
and the shortest diameter of the gland was>2.0, then its
morphology was considered to be elongated.

Cleavage plane with the thyroid gland: interposition of an
evident fat tissue plane on any sequence or presence of an
“India ink” artefact on T2-weighted outphase IDEAL se-
quences between the PTA and the thyroid gland [58].
Rapid and strong enhancement in comparison with nor-
mal thyroid observed in the first post-contrast sequence:
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in case of doubt, radiologists drew multiple ROIs in the
PTA and in the normal thyroid tissue.

Data analysis

The interpretation of the MR was correlated with US and
sestamibi results. In addition, image quality for T2-weighted
IDEAL FSE sequences and post-contrast T1-weighted IDEA
L (LAVA FLEX) sequences was assessed, considering the
depiction of PTAs and the presence of artefacts.

T2-weighted IDEAL FSE images were graded on two four-
point scales (1=poor, 2=fair, 3=good, 4=excellent) for the
quality of fat saturation and overall image quality.

Post-contrast T1-weighted IDEAL images (LAVA FLEX)
were graded on a scale from 1 to 4, based on the sequence’s
capability to identify a vascularised tissue representing a po-
tential PTA. The assessment was performed as follows: 1=not
helpful (no enhancement); 2=marginally helpful (enhance-
ment comparable with that of thyroid); 3=very helpful (higher
enhancement than thyroid, but PTA was already well depicted
by T2-weighted sequences); 4=extremely helpful (higher en-
hancement than thyroid and PTA was not depicted by T2
weighted sequences). Also T2 IDEAL FSE out-phase se-
quences were evaluated using the same scale from 1 to 4, with
reference to their capability to depict the cleavage plane be-
tween PTAs and thyroid gland, using the India Ink artefact or
not: 1=not helpful (no cleavage plane); 2=marginally helpful
(cleavage plane observed in all the other sequences); 3=very
helpful (cleavage plane observed in other sequences, but more
accurately depicted in the T2 weighted out-phase sequence);
4=extremely helpful (depiction of a cleavage plane otherwise
not identified). The location (left or right, and if possible,
superior or inferior gland, as well as any ectopic parathyroid
adenoma) was recorded.

For accuracy of interpretation, the PTA had to be identified
exactly in the same site suggested by US and sestamibi scans.

Surgical treatment and clinical follow-up

Patients for whom surgery was considered as indicated
underwent surgical intervention at our Institution, consisting
of minimally invasive surgery or open bilateral neck
exploration. Patients for whom surgery was not indicated on
the basis of their medical conditions (or patients who refused
surgery) received medical therapy and/or clinical/radiological
follow-up.

Results

None of the patients enrolled were excluded from the study
and all of them underwent a complete MR examination. Total

average examination time amounted to around 15 minutes.
There were no reported side effects due to the administration
of contrast material.

All PTAs (46/46) were identified in the same location de-
scribed at US and Tc-99 sestamibi scans by three readers in
consensus, unblinded to these previous examinations.
Twenty-six adenomas were right-sided and 20 were left-sided.
MRI confirmed that five patients had multiple enlarged para-
thyroid glands, localised on both sides. Average lesion size
was 14.5x8.5x9.5 mm (range 5-33 mm), and average volume
was 771 mm® (range 33-5525 mm’).

High signal intensity on T2-weighted IDEAL FSE images
was observed in 44/46 cases (95.7 %), in comparison with that
of the thyroid gland (Fig. 2). A marbled aspect (score 3/4) was
observed in 30/46 cases (65.2 %); 18 out of these 30 PTAs
were larger than 15 mm of maximum diameter (Fig. 3).
Elongated morphology was observed in 38/46 cases
(82.6 %); the longest diameter usually corresponded to the
longitudinal diameter of the enlarged gland, whereas the
shortest diameter corresponded to the transverse diameter
(Fig. 4). In 18 cases, in addition to this feature, a peculiar
appearance was also noticed, as an oblique orientation both
on latero-medial and antero-posterior planes, along the
paraesophageal region. A cleavage plane between PTAs and
thyroid gland was observed in 36 out of 46 adenomas
(78.3 %). In 26 cases, an adipose cleavage plane was clearly
evident; in ten cases of tight proximity of PTAs and thyroid
gland, the India Ink artefact was detected (Fig. 5). A
higher enhancement of PTAs in comparison with thyroid
gland was observed in the first post-contrast sequence in
20 out of 46 cases (43.5 %) (Fig. 6). In all cases, the enhance-
ment of adenomas in the first post-contrast sequences was also
subjectively assessed as higher and faster than that of the
lymph nodes of the same neck level. Results are summarised
in Table 2.

T2-weighted IDEAL FSE imaging demonstrated both
overall excellent fat suppression and image quality (average
scores: 3.2 and 3.1, respectively). Post-contrast T1-weighted
IDEAL images showed an intermediate grade of usefulness
(average score 2.4) in 44/46 (95.7 %) cases. T1-weighted
IDEAL sequence was extremely helpful in only one case, with
low signal intensity on T2-weighted IDEAL FSE se-
quences. T2 IDEAL FSE out-of-phase sequences were
evaluated as extremely helpful in only 16/46 adenomas
(35 %); they were evaluated as marginally or very helpful in
21 cases and not helpful in nine PTAs. On a scale of 1 to 4, the
mean value obtained in assessing the usefulness of this se-
quence was 2.8.

Surgical treatment and clinical follow-up

Eighteen of the 38 patients (47,4 %) underwent surgical inter-
vention at our Institution (minimally invasive surgery in 12
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Fig. 2 A 45-year-old male. (4)
Axial T2 IDEAL fat-suppressed
and (B, C) sagittal and axial T2
out-phase images showing a
homogeneously hyperintense
PTA located in the right thyroid
loggia, clearly separated from the
thyroid gland, as confirmed by the
India-Ink artefact (arrowhead).
(D) Axial post-contrast TIWI
showing mild enhancement of the
PTA (arrow), similar to the
enhancement of the thyroid gland

cases and open bilateral neck exploration in six cases), all in In all 18 patients (24 PTAs), one or more enlarged parathy-
association with an intraoperative parathyroid hormone assay.  roid glands were found at surgery in the location identified by
The decision to operate was made within a multidisciplinary =~ MRI and first level imaging techniques. At pathology, the
discussion. diagnosis was PTA in all cases (24/24, 100 %). All the patients

Fig. 3 A 54-year-old male. (4)
Axial T2-weighted fat-
suppressed, (B) axial T2
out-of-phase and (C) sagittal
T2-weighted fat-suppressed
images showing a right-sided
“marbled” and elongated PTA,
with internal cystic components,
clearly separated from the thyroid
gland. (D) Axial post-contrast
T1WI showing a partial
enhancement of the PTA, similar
to that of the thyroid gland

@ Springer
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Fig. 4 A 74-year-old female. (4) Axial T2 IDEAL fat-suppressed and (B)
axial and (C) sagittal T2-outphase images showing a heterogeneously
hyperintense and elongated parathyroid adenoma, without any reliable
cleavage plane with the thyroid gland. (D) Axial early post-contrast T1WI

were seen 2 weeks postoperatively, and serum calcium, 25
hydroxy-vitamin D levels and parathyroid hormone levels
were within the normal range; after this period, follow-
up was limited to periodic evaluation of serum calcium
levels [59].

In 20 patients, surgery was considered as not indicated. The
main reasons for this decision were: asymptomatic hyperpara-
thyroidism in old age (eight patients), serious comorbidities
(seven patients), and patient refusal (five patients). Among
these patients, 18 are currently being followed up at our insti-
tution and are undergoing medical therapy (administration of

showing enhancement of the PTA, comparable to that of the thyroid gland.
(E) US scan depicting the PTA as an oblong hypoechoic lesion with high
Doppler signal. Sestamibi scan on (F) early and (G) delayed phases showing
a large uptake area in the right parathyroid loggia

calcium and vitamin D appropriate for age and sex, and in
some cases, bisphosphonates and calcimimetic drugs).
The follow-up recommended for these patients is evalu-
ation of serum calcium and creatinine levels every
6 months and bone mineral density every 3 months
[59]. In addition, these patients are followed up with US
every six-months; at present, all of them have undergone at
least one follow-up US scan, confirming the size and loca-
tion of the previously described PTAs (mean follow-up
12 months, range 6—18 months). Two patients were lost
to follow-up.

Fig. 5 A 61-year-old female. Axial (4) T2 IDEAL fat-suppressed and
(B) T2-out-of-phase images showing a small left-sided, slightly
hyperintense, paraoesophageal PTA (arrow), with associated India-Ink
artefact suggesting a thin cleavage plane with the thyroid gland and the
oesophagus. Axial (C) early (subtraction technique) and (D) delayed

post-contrast T1WI showing, initially, mild and partial enhancement of
the adenoma (arrow), and then complete enhancement, similar to that of
the thyroid gland. (£) US and () sestamibi scans showing the PTA in the
left thyroidal loggia, respectively, as an area of delayed uptake and as a
paraoesophageal hypoechoic lesion
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Fig. 6 A 77-year-old female. (4) Axial T2 IDEAL fat-suppressed and
(B) sagittal T2-outphase images showing a hyperintense PTA, located
posteriorly to the right lobe of the thyroid gland, separated from the
thyroid gland by a thin cleavage plane (arrowhead). (C) Axial post-
contrast TIWI and (D) subtraction images showing an early and avid

Discussion

Accurate preoperative localisation of PTAs permits the use of
minimally invasive approaches in parathyroid surgery, which,
compared to bilateral neck exploration and repeated surgery,
are more efficient and less expensive [12—17]. If US and
sestamibi scan fail to localise PTA [18, 22, 23], a second line
imaging technique, such as CT and MR, is usually suggested
in order to avoid bilateral neck exploration [60, 61].

Recently, the use of 4D CT in the detection of PTA was
evaluated, with discordant results [62—65]. MRI has been
more rarely used in comparison with CT; MRI signal features
of PTAs, such as low T1 signal, high T2 signal and contrast
enhancement, previously described at 1.5 T, were not invari-
ably observed and were not peculiar to PTAs [66, 67]. In fact,
other entities located in the same anatomical sites, such as
lymph nodes and exophytic thyroid nodules, may show high
T2 signal [68]. The aim of our study was not to evaluate the
diagnostic accuracy of MRI in detecting PTAs, but to identify
common MRI features of PTAs, in order to facilitate their
depiction and to improve the diagnostic performance of the
technique in the near future.

From a pathological point of view, PTA is characterised by a
lack of adipose tissue; therefore, the intrinsic hyperintensity
seen on T2-weighted sequences, especially visible after fat-

enhancement, clearly higher than that of thyroid. (£) Sestamibi scan
and (F) US colour-Doppler demonstrating the PTA in the right thyroid
loggia, respectively, as an area of delayed uptake and as a hypoechoic
lesion with high Doppler signal

suppression, most likely depends on the presence of non-fat
components [69, 70]. To better evaluate the entire neck region
and to identify structures with high T2 signal, it is necessary to
obtain a homogeneous fat suppression, which is notoriously
challenging in the neck region. Recently, advances in chemical
shift-based water—fat separation methods, commercially
known as IDEAL, have been developed and implemented on
3.0 T MRI units [50-52]. These sequences provide excellent
fat suppression with signal-to-noise ratio superior to that of
short-tau inversion recovery sequences (STIR). Using IDEA
L sequences, Grayev et al. [54] recently reported a low sensi-
tivity (64 %), but had the ability to detect a few adenomas that
were missed by sestamibi. We reported high frequency
(95.7 %) of hyperintensity on T2-weighted IDEAL FSE im-
ages, suggesting that a high T2 signal is the feature to be used
to localise a structure that is suspected of representing a PTA.

In our study, 65.2 % of PTAs showed a patchy hyperintensity
(i.e., a “marbled” appearance); many of these adenomas were
larger than 15 mm in the maximum diameter. It is reported in the
literature that large adenomas often display haemorrhagic foci,
cholesterol clefts and fibrosis that may be the cause of the mar-
bled appearance on T2 sequences [71]. This characteristic al-
lows for differentiation of large adenomas from lymph nodes,
but not from exophytic thyroid nodules. Also, the elongated
morphology observed in 82.6 % of PTAs in our study is

Table 2 Frequent 3 T MRI
features of parathyroid adenomas

Hyperintensity Marbled Elongated Cleavage Plane Early
appearance morphology enhancement
PTA (n=46) 44 30 38 36 20
% 95.7 65.2 82.6 78.3 435
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common in lymph nodes, and therefore cannot be considered as
specific of adenoma. Despite this, it was noticed that 18 adeno-
mas showed a peculiar appearance, which may be described as
an oblique orientation both on latero-medial and antero-
posterior planes, extending along the paraoesophageal region.

An additional advantage of the water—fat separation tech-
nique used in our study is that in-phase and out-of-phase im-
ages, and fat-only and water-only images, are obtained
through a single acquisition. Out-of-phase images are
characterised by a chemical shift type 2 artefact, the so-
called “India ink artefact”, which represents the black bound-
ary artefact generated by a signal drop in voxels containing
both fat and non-fat components. In the case of tight proximity
of PTA and thyroid gland, this artefact can enable a clear
depiction of a thin adipose cleavage plane, thus supporting
the differential diagnosis between PTAs and exophytic thyroid
nodules; this feature is not useful in differentiating PTAs and
lymph nodes [58, 72]. In our study, in 78.3 % of cases, a
cleavage plane between adenoma and thyroid was detected,
thus confirming that the “India ink artefact” is an important
feature in identifying a structure as separate from the thyroid
gland; these data influenced the radiologists’ assessment of
usefulness of the T2 IDEAL FSE out-of-phase sequences,
which was graded as 2.8 on a scale of 1 to 4 (1=not helpful,
2=marginally helpful, 3=very helpful, 4=extremely helpful).

Strong and rapid enhancement is a well-known character-
istic of PTAs, advocated for better detection of PTAs by sev-
eral authors [42—45]. In our series, however, only 43.5 % of
PTAs demonstrated faster and higher enhancement compared
to normal thyroid. To our knowledge, an agreement about a
post-contrast sequence protocol has not been reached. The
previously proposed use of TRICKS led to an increased tem-
poral resolution, but with decreased spatial resolution [51],
and to just a modest improvement in PTA detection in com-
parison with T2-weighted IDEAL FSE sequences [54]. Our
post-contrast protocol was optimised in order to perform quite
rapid sequences, at the same time maintaining a high spatial
resolution. Even with this optimisation, post-contrast se-
quences did not significantly improve the detection of PTAs.
We noticed that in the majority of cases (44/46; 95.6 %), ad-
enomas were already satisfactorily depicted on pre-contrast
sequences; this observation was in line with the high rate of
T2-hyperintense PTAs and low usefulness shown by the post-
contrast T1-weighted images. If this observation is confirmed
in larger studies, contrast media administration may be used
only in cases where there is a residual diagnostic doubt after
non-enhanced sequences.

This study has some limitations. Firstly, surgical confirma-
tion was not available for all patients included in the study.
Our confidence in the diagnosis of PTA was based on clinical
findings, lab tests, both positive and concordant US and
sestamibi scans, and correlation between MRI and these two
imaging techniques. With regard to this choice, radiologists

and clinicians involved in the management of PHPT patients
are aware that the low rate of surgical confirmation is a well-
known issue in this group of patients. Most patients are treated
with medical therapy only or undergo surgery after a long
period of time and in other hospitals (in such cases, pathology
results may be not available or are inaccurately reported). The
old age group of patients may also play a role in the decision to
avoid surgery.

We believe that we should not exclude all non-surgical
patients from a study on MRI of PTAs, because this would
generate a strong selection bias. In addition, since positive US
and sestamibi scans are currently considered in clinical prac-
tice as a sufficient prerequisite to submit patients to surgery,
we believe that this is a good reason to consider these two
imaging techniques as a reasonable gold standard in a purely
descriptive study. Furthermore, the aim of the study was to
describe the common MRI features of typical adenomas, and
how to perform an optimal MR examination, and not to eval-
uate the diagnostic accuracy of MRI in detecting PTAs. For
the same reason, readers were aware of previous imaging re-
sults (to be sure that they were looking at PTAs and not at
lymph nodes or thyroid nodules).

Another potential limitation pertains to our selection
criteria; these criteria, requiring positive US and sestamibi
scans, may have potentially created bias for example, leading
to the inclusion of patients with large adenomas; however, the
average size of the PTAs observed in our study was less that
15 mm (14.5x8.5x9.5 mm). An additional limitation regards
the semi-quantitative method used for the assessment of T2-
signal intensity and contrast enhancement (subjective evalua-
tion, performing ROIs in case of doubt). In the next protocol,
we will use quantitative methods and post-contrast time-to-
intensity curves in order to better evaluate these features (these
methods might be useful even in patients without normal thy-
roid parenchyma available for comparison, such as in patients
with multinodular goiter).

Another limitation of this study was that all the PTAs were
located in eutopic sites, hence, MRI features observed in typ-
ical adenomas need to be confirmed in ectopic adenomas,
especially in the mediastinal ones. In order to accurately eval-
uate the same features in these ectopic PTAs, we are planning
to add to our standard protocol a triggered sequence dedicated
to the visualisation of the mediastinum.

Conclusion

The most common features of PTAs recognised in our study
allowed for a differential diagnosis with other normal struc-
tures or pathological tissues of the neck. We agree with previ-
ous authors [54] and suggest the use of MRI as a second-line
method in the preoperative detection of PTAs, in the case of
negative or discordant first-line imaging modalities. It is
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necessary to integrate the use of new sequences performed on
a3.0-T MR scanner with increased radiological skills, in order
to achieve high accuracy in presurgical localisation of PTAs
by MRL
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