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A B S T R A C T

Purpose: The aim of this study was to assess the feasibility of four-dimensional magnetic resonance imaging (4D
MRI) at 3 T for the localization of parathyroid adenomas.
Materials and Methods: Preoperative 4D MRI scans, encompassing dynamic contrast-enhanced (DCE) sequences
and non-contrast enhanced (non-CE) sequences, including a T2-weighted multipoint Dixon (T2-mDixon) se-
quence, with in-phase, out-phase, and water-only images, were evaluated retrospectively in 41 patients with
surgically proven parathyroid lesions. Two readers who were blinded to the surgical findings independently
reviewed the images in two sessions (non-CE sequences alone and non-CE+DCE sequences). The MRI locali-
zation of the suspected adenoma in each session and the consensus interpretation of the MRI images, were
compared with the surgical results and interobserver agreement was assessed.
Results: By interpreting the non-CE sequences alone, reader 1 correctly localized 34 parathyroid lesions (sen-
sitivity 81.0%, positive predictive value (PPV) 87.2%), and reader 2 correctly localized 34 parathyroid lesions
(sensitivity 81.0%, PPV 91.9%). With the addition of DCE sequences, reader 1 correctly identified 35 parathyroid
lesions (sensitivity 83.3%, PPV 87.5%), while reader 2 correctly identified 36 parathyroid lesions (sensitivity
85.7%, PPV 92.3%). Overall, MRI detected 38 parathyroid lesions (sensitivity 90.5%, PPV 95.0%). Interobserver
agreement was slightly superior in non-CE+DCE sequences compared to non-CE sequences alone (ĸ=0.796 vs.
ĸ=0.738).
Conclusion: 4D MRI with DCE sequencing is a reliable method for the localization of parathyroid adenomas.

1. Introduction

Primary hyperparathyroidism (PHPT) is a clinical condition char-
acterized by increased serum calcium (Ca) and parathyroid hormone
(PTH) levels. Most often, the etiology is a single parathyroid adenoma;
however, multiple glandular hyperplasia or multiple adenomas may
rarely be the underlying causes [1,2]. Surgery offers a curative treat-
ment for PHPT, so preoperative localization with imaging is important
in order to reduce surgical time, incision, and related complications [3].
Imaging techniques are based on the hypervascular nature of the en-
larged gland. In ultrasound (US), the gland has a hypoechoic appear-
ance with a characteristic feeding artery sign [4,5]. In Technetium-99m
(99mTc) sestamibi scintigraphy, sestamibi accumulates in the mi-
tochondria of the hypermetabolic gland. In computed tomography (CT)
and magnetic resonance imaging (MRI), parathyroid adenomas appear
as hyperenhancing lesions during early arterial phases [6–11].

US and 99mTc-sestamibi are the two first-line imaging techniques
for the preoperative localization of parathyroid lesions. They are
complementary to each other, and the combined use of US and 99mTc-
sestamibi is reported to have a high sensitivity, up to 93.4%. [6,12–14].
If the setting of US or 99mTc-sestamibi fails to localize the parathyroid
lesions, these two techniques reveal discrepant findings, or the PHPT is
recurrent or persistent after surgery, CT and MRI are considered as
second-line imaging modalities [15,16]. In some cases, accompanying
thyroid disease or the need to evaluate neck anatomy better may ne-
cessitate the use of cross-sectional imaging modalities. Recently, four-
dimensional imaging protocols were defined for both CT (4D CT) and
MRI (4D MRI) [6,8–11,17]. In these techniques, the ‘fourth dimension’
is the time-resolved enhancement kinetics of the lesion, which serves as
functional information. The ability to image the entire anatomy, in-
cluding possible ectopic locations, and the combination of anatomical
information with functional information from dynamic contrast-
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enhanced (DCE) images make CT and MRI valuable imaging modalities
for the preoperative localization of hyperfunctioning parathyroid
glands.

The sensitivity of MRI at 1.5 T scanners has been reported at ap-
proximately 80% [18–21]. After 3 T magnets were introduced into
clinical practice, an increment in the signal-to-noise and contrast-to-
noise ratio and excellent fat saturation, thanks to chemical shift-based,
water-fat separation techniques, yielded improved image quality and
lesion detectability. Parathyroid adenomas exhibit a hypervascular
nature on MRI also, but some studies reported only a moderate con-
tribution of time-resolved enhancement kinetics to diagnosis [7,9,10].

The aim of the present study was to assess the diagnostic value of 4D
MRI at 3 T in the localization of parathyroid lesions, with respect to the
surgical data, and to assess the contribution of DCE images to the di-
agnosis.

2. Materials and methods

2.1. Patients

This retrospective study was approved by our institutional ethics
committee, and the requirement for informed consent was waived,
owing the nature of the study. A retrospective search of our hospital
database revealed 51 patients who underwent MRI examination at 3 T
for a preliminary diagnosis of PHPT between December 2016 and April
2018. The inclusion criteria were: high serum Ca level (reference:
8.5–10mg/dl), high serum PTH level (reference PTH: 15–65 pg/ml),
and surgically removed parathyroid lesion. Eight patients without pa-
thological results were excluded, as were two patients because of severe
motion artifacts on MRI. All patients had US and 99mTc-sestamibi re-
sults available.

2.2. 4D MRI technique

MRI examinations of the patients were performed with a 3 T MR
system (Ingenia, Philips Healthcare, Netherlands). Patients were posi-
tioned supine, and a dedicated neck coil was used. The field of view was
set to include the area spanning from the angle of the mandible to the
level of the carina. The standard MRI protocol for a preliminary diag-
nosis of PHPT in our center includes the following sequences: a three-
plan localizer; an axial turbo-spin echo T2-weighted multipoint Dixon
TSE sequence (T2-mDixon), with in-phase, out-phase and water only
images; an axial T1-weighted TSE sequence; a sagittal T1-weighted TSE
sequence; a coronal short tau inversion recovery (STIR) sequence; an
axial fat-suppressed, dynamic contrast-enhanced (DCE) T1-weighted 3D
radial gradient-recalled echo sequence (volumetric interpolated breath-
hold examination (VIBE)). The DCE sequence consisted of one pre-
contrast and eight post-contrast images with a temporal resolution of
15 s. After the acquisition of the pre-contrast image, an intravenous
bolus of 0.1 mmol/kg of a gadolinium-based contrast agent was in-
jected, with a flow rate of 2ml/s, followed by 20ml of saline flush,
using an automatic injector. The post-contrast scans started after the
visualization of aortic arch enhancement through a real time MRI
monitoring of the contrast bolus. After the image acquisition, sub-
tracted images were constructed by subtracting the pre-contrast images
from the post-contrast ones on a pixel-by-pixel basis. The MRI protocol
and imaging parameters are displayed in Table 1.

2.3. Image interpretation

Two radiologists (reader 1: A.V.P., nine years of experience in head
and neck imaging; reader 2: M.E., 10 years of experience in head and
neck imaging), who were both blinded to the surgical, pathological, and
other imaging modality results of the patients, reviewed the MRI studies
independently in two sessions. First, the radiologists evaluated the non-
contrast enhanced (non-CE) sequences alone (the sequences other than

the axial 3D VIBE); second, they examined the non-CE sequences with
the addition of the DCE sequence (axial 3D VIBE). The second session
was immediately after the first one, without an interval in which the
progressive contribution of the DCE sequence to the non-CE sequences
could be assessed. Each reader evaluated the images for the localization
of the suspected lesion in its quadrant (right or left with respect to the
midline; upper or lower with respect to the transverse line at the middle
of the thyroid gland).

The non-CE sequences session was primarily based on the evalua-
tion of the T2-mDixon sequence. The radiologists used other sequences
if necessary. The following features were used in the image evaluation:
hyperintense appearance compared to the thyroid gland in the T2-
mDixon water-only images, presence of a hypointense cleavage plane
between the lesion and thyroid gland in T2-mDixon out-phase images,
rapid arterial enhancement, and wash-out on DCE images [11]. Rapid
arterial enhancement was defined as vivid enhancement of the sus-
pected lesion compared to thyroid parenchyma on the first or second
post-contrast phases, and wash-out was defined as a loss of contrast on
the delayed phases, which were based on visual assessment (Fig. 1). In
case of doubt about the enhancement pattern, the radiologists drew a
region of interest on the lesion and measured signal intensity in con-
secutive phases. The readers rated the DCE images for their contribu-
tion to non-CE sequences to diagnose a parathyroid lesion (1=the le-
sion was not visible on DCE images, 2=the lesion was visible on DCE
but did not contribute to non-CE sequences, 3=moderate contribution
to non-CE sequences, 4=very helpful and increased confidence in the
diagnosis). The two readers then compared their discrepant results and
reached a final consensus.

2.4. US and 99mTc-sestamibi examinations

US and 99mTc-sestamibi examination reports for all patients were
available in the hospital database, and quadrant localizations were
defined with respect to midline and transverse line through the thyroid
gland, as previously described in the setting of patient care. US ex-
aminations of the patients were performed using the Siemens ACUSON
S2000 US system (Siemens Medical Solutions, Mountain View, CA,
USA). The examination covered the area from the upper border of the
thyroid cartilage to the sternal notch in both transverse and long-
itudinal planes. A parathyroid lesion was considered if a characteristic
hypoechoic lesion with/without a polar vessel sign was detected [5].
Both early and delayed-phase post-infusion images were obtained for
99-mTc-sestamibi scans, and delayed imaging with single emission
computed tomography (SPECT) was also obtained from every patient.
Residual uptake of the radioactive agent on the delayed phase was
accepted as positive for a parathyroid lesion.

2.5. Surgical treatment and histopathological results

Surgery of the patients was performed by a surgeon (C.P.) with 22
years of experience in parathyroid and thyroid surgery. The operation
technique was either parathyroidectomy or open bilateral neck ex-
ploration, depending on the preoperative imaging results or the pre-
sence of concomitant thyroid disease. The surgery was deemed to be
successful and terminated if the removed lesion was diagnosed as a
hypercellular parathyroid gland on the frozen section reading and the
serum PTH level decreased by more than 50% of the basal level of the
preoperative setting. Final diagnosis was based on the histopathological
examination.

2.6. Statistical analysis

Statistical analysis was performed with the Statistical Package for
Social Sciences 15.0 (SPSS, Inc., Chicago, IL, USA) for Windows. A p
value less than 0.05 was accepted as statistically significant. Categorical
variables were expressed in frequency, and continuous variables were
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presented as mean ± standard deviation (SD). The diagnostic perfor-
mances of each MRI interpretation were assessed with diagnostic ac-
curacy measures by comparing the MRI interpretations with surgical
and histopathological results as the gold standard. A correctly identified
quadrant of the lesion was used to assess accuracy. Sensitivity and
positive predictive values (PPV) were calculated for each interpretation
and imaging modality. McNemar’s test was used to compare image
interpretations. Agreement between the readers’ interpretations was
assessed using Cohen’s kappa coefficient (ĸ), whereby the strength of
agreement was accepted as poor if ĸ<0 (less than expected by
chance), slight if ĸ=0.01–0.20, fair if ĸ=0.21–0.40, moderate if
ĸ=0.41–0.60, substantial if ĸ=0.61–0.80, and almost perfect if
ĸ=0.81–1.00 [22].

3. Results

3.1. Patients

Forty-one patients were enrolled in the study (34 women and seven
men). The mean age of the study population was 50.37 ± 10.63 years
(range: 28–72). The mean preoperative serum Ca level was
11.3 ± 0.77mg/dl (range: 10.3–13.2), and the mean preoperative
serum PTH level was 164.99 ± 69.4 pg/dl (range: 74–420). The mean

time interval between MRI examination and surgery was 68.5 days
(range: 3–361).

3.2. Surgery and pathology results

According to the surgical results, 42 parathyroid lesions were di-
agnosed in 41 patients. Forty patients were diagnosed with a single
adenoma, and one patient was diagnosed with hyperplasia of two
parathyroid glands. Four lesions were located at the right upper
quadrant, 15 lesions at the right lower quadrant, four lesions at the left
upper quadrant, and 19 lesions at the left lower quadrant.

3.3. MRI interpretations of readers

In the non-CE sequences interpretation session, reader 1 correctly
localized 34 parathyroid lesions (sensitivity 81.0% and PPV 87.2%).
With the addition of DCE sequences, he localized 35 lesions (sensitivity
83.3%, PPV 87.5%). Reader 2 diagnosed 34 parathyroid lesions in the
non-CE sequences session (sensitivity 81.0% and PPV 91.9%), but was
able to localize 36 parathyroid lesions in the non-CE plus DCE se-
quences session (sensitivity 85.7% and PPV 92.3%). For both readers,
the addition of DCE sequences increased sensitivity and PPV, although
the difference was not found to be statistically significant (p= 1.000

Table 1
The scan parameters of a dedicated MRI protocol for patients with primary hyperparathyroidism.

Sequence TR/TE (ms) FOV (cm×cm) Matrix Slice thickness (mm) Acquisition time (min)

Axial T2-mDixon TSE 3422/100 200×200 288×219 3.5 04:13
Axial T1 TSE 531/7 200×200 288×219 3.5 03:40
Sagittal T1 TSE 561/16 200×220 332×288 4 01:49
Coronal STIR 2484/60 200×220 200×168 3.5 02:42
Axial 3D VIBE 3.5/1.6 250×200 168×133 3 02:25

TR / TE: Repetition time / Echo time, FOV: field of view, mDixon: multipoint Dixon, TSE: turbo spin echo, STIR: short tau inversion recovery, VIBE: volumetric
interpolated breath-hold examination.

Fig. 1. MR images of 28-year-old woman with
primary hyperparathyroidism. a) Axial T2-
mDixon sequence with in-phase, out-phase,
and water-only images show a hyperintense
lesion (arrows) located in the right lower
quadrant. A thin cleavage plane from the
thyroid gland is seen on the out-phase image.
b) Axial fat-suppressed T1-weighted contrast-
enhanced images show strong and early ar-
terial enhancement of the lesion (arrows).
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and p=0.500, respectively). Interobserver agreement was slightly su-
perior in the non-CE plus DCE sequences session (ĸ=0.796 vs.
ĸ=0.738).

3.4. Overall diagnostic performance of 4D MRI and lesion characteristics

With consensus agreement, 4D MRI correctly localized 38 para-
thyroid lesions (sensitivity 90.5% and PPV 95%). There were four false-
negative results, in which MRI was unable to localize parathyroid le-
sions. In two cases, MRI made a wrong localization. One of these lesions
was diagnosed as a malignant thyroid nodule (Fig. 2).

The average lesion size was 12.7×8.2mm (range 2–23). Thirty-
one lesions (81.6%) were hyperintense, and seven lesions (18.4%) were
isointense compared to the thyroid gland on the T2-mDixon sequence.
In thirty-two lesions (84.2%), there was a cleavage plane between the
lesion and thyroid gland, which helped to differentiate it from thyroid
tissue. The average score of the DCE images to lesion localization was
2.6. Four lesions (10.5%) were not visible on the DCE images, while 10
lesions (26.3%) were visible but did not contribute to non-CE sequences
(Fig. 3). The DCE images made a moderate contribution to lesion lo-
calization in 21 cases (55.3%). In three lesions (7.8%), the DCE images
was very helpful and made a significant contribution to the localization
of parathyroid lesions. An arterial-phase higher enhancement of a
parathyroid lesion was observed in 26 lesions (68.4%), and wash-out of
contrast was observed in 16 (42.1%) lesions.

3.5. US and 99mTc-sestamibi results

The sensitivity and PPV of US were 76.2% (32/42) and 100% (32/
32), respectively. 99mTc-sestamibi had 71.4% (30/42) sensitivity and
96.8% (30/31) PPV. When US and 99mTc-sestamibi were combined,
sensitivity and PPV values were found to be 90.5% and 97.4%, re-
spectively. US correctly localized six lesions missed by 99mTc-sesta-
mibi, and 99mTc-sestamibi correctly localized six lesions missed by US.
In the case of one lesion, US and 99mTc-sestamibi indicated different
sides (right lower vs. left lower), but the parathyroid lesion was found
on the side indicated by US.

3.6. Consistent and discrepant findings between US, 99mTc-sestamibi, and
MRI

US and 99mTc-sestamibi results were consistent with the surgical
findings in 25 lesions. Of these cases, MRI correctly localized all except
one (24/25) lesion, in the same quadrant as US and 99mTc-sestamibi.
In 12 lesions, US or 99mTc-sestamibi was negative for lesion detection,
and MRI localized all lesions missed by US and four lesions missed by
99mTc-sestamibi. In the case of one lesion, US and 99mTc-sestamibi
indicated different sides, and MRI localized the lesion on the side that
99mTc-sestamibi indicated; however, that lesion was diagnosed as a
malignant thyroid nodule, and the parathyroid lesion was detected on
the quadrant indicated by US. In four lesions, both US and 99mTc-
sestamibi revealed a negative scan for parathyroid lesions, but MRI was
able to localize all of these lesions (Fig. 4). In the setting in which US

Fig. 2. MR images of a 59-year-old man with primary hyperparathyroidism. Axial T2-mDixon in-phase (a), out-phase (b), and water-only (c) images show an oval
hyperintense lesion (arrows) posterior to the left lobe of the thyroid gland. The lesion (arrow) demonstrates strong enhancement in the arterial phase (d). The lesion
was diagnosed as a papillary thyroid carcinoma.
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and 99mTc-sestamibi revealed discrepant results or both modalities
failed to localize the parathyroid lesions, MRI was able to localize 14/
17 lesions correctly (sensitivity 82.4%, PPV 93.3%). The sensitivity and
PPV of combined US and MRI, 99mTc-sestamibi and MRI, and US, MRI
and 99mTc-sestamibi are displayed in Table 2.

4. Discussion

The study results confirmed that 4D MRI is a feasible modality for
the localization of parathyroid lesions. Data analysis demonstrated that
MRI had higher sensitivity (90.5%) compared to US (76.2%) and
99mTc-sestamibi (71.4%). Furthermore, the sensitivity of MRI alone
was equivalent to the sensitivity of combined use of US and 99mTc-
sestamibi. Combined use of MRI with US or 99mTc-sestamibi yielded
higher sensitivity than individual use of these techniques, which sug-
gests that MRI may also be an important complementary preoperative
imaging modality. Combined US, 99mTc-sestamibi, and MRI revealed a
sensitivity of 100%.

US and 99mTc-sestamibi are the two first-line imaging modalities
for the localization of parathyroid lesions [12,13]. The sensitivity of US
and 99mTc-sestamibi in the localization of parathyroid lesions have
been reported to be approximately 90% [6,23]. Major disadvantages of
US are user-dependency, low image quality owing to patient habitus or
obesity, and failure to demonstrate ectopic glands such as the medias-
tinum. Although there was one mediastinal parathyroid lesion in our
study, the sensitivity of US was 76.2%. However, our study population
was PHPT patients whose MRI examinations were available; thus, the
overall diagnostic performance of US may be higher because of the
cases in which MRI was not needed. On the other hand, 99mTc-sesta-
mibi has some disadvantages, such as lower spatial resolution and ex-
posure to ionizing radiation. 99mTc-sestamibi may not localize all
glands in multiglandular disease and may reveal false-positive results in
the setting of accompanying malignant thyroid nodules [24,25]. In our

study, there was one patient with hyperplasia of two parathyroid
glands, and 99mTc-sestamibi failed to identify one of the two affected
glands. Additionally, there was one false-positive lesion, in which one
malignant thyroid nodule was incorrectly reported as a parathyroid
adenoma.

In cases of inconclusive first-line imaging results, persistent or re-
current hyperparathyroidism, or a history of previous surgery, CT and
MRI are used as second-line imaging techniques. These cross-sectional
imaging modalities have the advantage of imaging the entire anatomy,
including possible ectopic localizations such as the upper mediastinum.
Since 4D CT was introduced in 2006, it has been reported to have high
sensitivity for the localization of parathyroid lesions [17]. The hy-
pervascular nature of parathyroid lesions on CT has prompted the
question whether this feature could be used in MRI. MRI also has the
advantages of high soft-tissue resolution and no radiation exposure.
Recent studies confirmed the hypervascular nature of parathyroid le-
sions seen in MRI, but the contribution of this feature to lesion locali-
zation is still worth researching [7,9,10].

4D MRI is obtained by combining the anatomical information from
the non-CE sequences with the functional information from the DCE
images. The ‘fourth dimension’ is the time-dependent enhancement
kinetics of the lesion [9,10,17]. Recent literature has demonstrated that
parathyroid adenomas show rapid arterial enhancement after bolus-
injection of gadolinium-based contrast agents, as demonstrated on CT
[9,10]. However, some authors reported that this feature contributed
only moderately to the diagnosis [6,7]. Although rapid arterial en-
hancement on MRI was not found to be particularly helpful in the di-
agnosis, it was shown to increase diagnostic confidence [6,7]. In the
present study, the value of DCE imaging to non-CE sequences was as-
sessed by performing image evaluation in two sessions and by rating the
DCE sequences for their contribution to non-CE sequences. For both
readers, the DCE sequences increased the detectability of lesions, but
not by a statistically significant amount. However, DCE sequences

Fig. 3. MR images of a 33-year-old woman
with primary hyperparathyroidism. Axial T2-
mDixon in-phase (a), out-phase (b), and water-
only (c) images show an oval hyperintense le-
sion (arrows) posterior to the right lobe of the
thyroid gland. The lesion cannot be dis-
tinguished from the thyroid gland on the con-
trast-enhanced T1-weighted images (d).
Pathological examination revealed a para-
thyroid adenoma.
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contributed to the diagnosis in 24 cases. Four lesions were not visible on
DCE, while 10 lesions were visible but did not contribute to the diag-
nosis. These results suggest that even non-CE MRI at 3 T may be used
for parathyroid lesion detection, and a contrast agent may be selectively
used for cases with undetermined results.

There are limited data about the use of 3 T MRI for the localization
of parathyroid lesions, but studies have reported the high sensitivity of
MRI for lesion localization [6,7,9–11]. Argiro et al. reported the sen-
sitivity of MRI as 97.8% [6]. In their study, MRI had higher sensitivity
than US (89.1%) and 99mTc-sestamibi (83.6%), even when the latter
were combined (93.4%). Grayev et al. reported a lower sensitivity of
MRI (64%) than US (88%) and 99mTc-sestamibi (72%), but combined
use of MRI and 99mTc-sestamibi yielded 88% sensitivity [7]. Both

studies found that DCE sequencing was not greatly helpful to lesion
detection, although it was crucial in a limited number of cases. Simi-
larly, Sacconi et al. reported moderate usefulness of DCE images for the
diagnosis of parathyroid adenomas [11]. Results from the present study
also confirmed that DCE images were not greatly helpful for diagnosis
but moderately increased the diagnostic confidence. This finding may
be explained by the superiority of high soft-tissue contrast of MRI to
early arterial contrast enhancement. A high signal on T2-mDixon
images and presence of Indian ink artifact between the lesion and
thyroid tissue are well-known features of parathyroid adenomas, and
most of the lesions in the present study demonstrated these features
[11].

In this study, four lesions could not be localized by US or 99mTc-
sestamibi but were correctly localized by MRI. When these two tech-
niques revealed negative or discrepant results, MRI was able to localize
14/17 lesions correctly (sensitivity 82.4%, PPV 93.3%). Combined use
of MRI with US or 99mTc-sestamibi demonstrated higher sensitivity
(95.2% and 97.6%) than US or 99mTc-sestamibi alone (76.2% and
71.4%) or in combination (90.5%). However, in cases in which US and
99mTc-sestamibi localized the same quadrant, MRI was also consistent
with US and 99mTc-sestamibi results. These findings confirmed that
MRI was a complementary imaging modality and are in agreement with
previous authors who found that MRI was a second-line imaging
modality in cases in which US and 99mTc-sestamibi revealed discrepant
or inconclusive results.

This study has some limitations. First, it was a retrospective study.
Second, the number of patients was limited. More studies with larger

Fig. 4. MR images of a 46-year-old man with primary hyperparathyroidism. US and 99mTc-sestamibi revealed negative results for a parathyroid lesion. Axial T2-
mDixon in-phase image (a) is negative for a parathyroid lesion. T2-mDixon water-only (b), and out-phase (c) images demonstrate an oval lesion (arrows) located
posterior to the left thyroid gland. The lesion (arrow) demonstrates strong enhancement in the arterial phase (d). The lesion was diagnosed as a parathyroid adenoma.

Table 2
The sensitivity and positive predictive values of US, 99mTc-sestamibi, MRI, and
combined modalities for the localization of parathyroid lesions.

Imaging Modality Sensitivity % (n) PPV % (n)

US 76.2 (32/42) 100 (32/32)
99mTc-sestamibi 71.4 (30/42) 96.8 (30/31)
MRI 90.5 (38/42) 95.0 (38/40)
US + 99mTc-sestamibi 90.5 (38/42) 97.4 (38/39)
US+MRI 95.2 (40/42) 95.2 (40/42)
99mTc-sestamibi+MRI 97.6 (41/42) 97.6 (41/42)
US + 99mTc-sestamibi+MRI 100 (42/42) 95.5 (42/44)

US: ultrasound, MRI: magnetic resonance imaging, PPV: positive predictive
value.
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populations are needed to validate these findings. Third, there was no
control group, and all patients in the study population were known to
have PHPT. However, the interpreters were blinded to other imaging
modality and surgery results.

5. Conclusion

The results of this study demonstrated that 4D MRI is a feasible
modality in the localization of parathyroid lesions. MRI was a useful
complementary imaging modality in cases in which first-line imaging
techniques revealed negative or discrepant results. With its high soft-
tissue resolution and the advantages of water-fat separation techniques,
MRI was able to identify parathyroid lesions, even in non-CE sequences.
Although it was not found statistically significant, the addition of DCE
images to non-CE images improved lesion detection. However, DCE
images showed moderate improvement in the diagnostic confidence.
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