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Parathyroid Glands:
Combination of 99mTc MIBI
Scintigraphy and US for
Demonstration of Parathyroid
Glands and Nodules1


PURPOSE: To determine the appropriate choice of imaging techniques for localiza-
tion of nodular lesions of parathyroid glands.


MATERIALS AND METHODS: First, computed tomographic (CT), magnetic reso-
nance (MR), ultrasonographic (US), and technetium 99m methoxyisobutyl-isonitrile
(MIBI) scintigraphic images in 49 patients with primary hyperparathyroidism were
retrospectively evaluated. A single-blind, prospective study that included 16 patients
with primary hyperparathyroidism was then conducted. MR, US, scintigraphic, and
color Doppler US images of the neck were obtained and analyzed.


RESULTS: In the retrospective study, CT, MR imaging, and US had low sensitivity
(13%, 17%, and 27%, respectively) and specificity (39%, 65%, and 65%, respec-
tively). Scintigraphy had 57% sensitivity and 85% specificity. In the prospective
study, the use of latest-generation MR and US equipment and the participation of
experienced operators led to improved sensitivity and specificity for these tech-
niques. The combination of US and scintigraphy resulted in improved sensitivity
(96%), specificity (83%), and positive and negative predictive values (88% and 94%,
respectively), relative to the results obtained with either method alone. Doppler US
was of little help in the setting of small glands.


CONCLUSIONS: The combination of 99mTc MIBI scintigraphy and US performed by
well-trained operators with up-to-date instruments appeared to be the best diagnos-
tic tool for the preoperative diagnosis of parathyroid disease.


Several methods of detection and/or characterization of abnormal parathyroid glands in
patients with primary hyperparathyroidism (pHPT) have been proposed in the past 2
decades (1–3). Difficulties that have hampered the work of clinicians are recognizable in (a)
the frequent presence of nonparathyroid nodules in the neck, due either to thyroid disease
or to lymph nodes; (b) the small size and predominantly ellipsoid shape of abnormal
parathyroid glands, with at least two of the three axes usually less than 1 cm in length (1,4);
(c) the frequent coexistence of goiter or thyroiditis, which can interfere with diagnostic
procedures (5); and (d) the possibility of an ectopic location of parathyroid glands.


Indeed, the results of many studies (6–8) have clearly indicated the low accuracy of the
different methods, which include ultrasonography (US), scintigraphy, and computed
tomography (CT); therefore, some authors (6) have suggested that surgery is the only
sensitive approach to aid in detection of an abnormal parathyroid gland. In many of the
studies published so far, one or two techniques have been evaluated, often in nonhomoge-
neous groups of patients. Therefore, the optimal choice and sequence of diagnostic
procedures, which may necessitate the use of sophisticated, expensive techniques and
well-trained operators, is not clear. The lack of specific diagnostic criteria for identification
of parathyroid glands on scintigraphic and other types of radiologic images contributes
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to the divergent views reported in the
literature (6–15) on the utility of preopera-
tive diagnostic procedures.


In the first part of this study, we retro-
spectively evaluated cases of pHPT diag-
nosed and surgically treated at our center.
Our analysis was limited to findings
in patients with abnormal parathyroid
glands localized in the neck and treated
only once with surgery. We performed
blinded interpretation of images obtained
with at least two of the following modali-
ties: US, CT, magnetic resonance (MR)
imaging, and technetium 99m 2–methoxy-
isobutyl-isonitrile (MIBI) scintigraphy.
The aims of the study were (a) to assess
the utility of routine diagnostic proce-
dures that are readily available at any
medical center with respect to surgical
success rate in uncomplicated cases of
pHPT and (b) to evaluate the bias associ-
ated with each procedure, according to
the surgical and histopathologic results,
to determine radiologic signs that may be
helpful for parathyroid gland localiza-
tion.


On the basis of the results of the retro-
spective analysis, a group of patients were
included in the second part of our study,
which was a single-blind, prospective in-
vestigation. The aims of the second part
of the study were (a) to determine specific
criteria that may be useful for detection
(ie, presence of a nodule) and characteriza-
tion (ie, parathyroid nature of a nodule)
of abnormal parathyroid glands and for
volumetric assessment of nodules; (b) to
evaluate the importance of operator expe-
rience in evaluating parathyroid disease;
and (c) to analyze the potential of up-to-
date US and MR imaging and standard-
ized scintigraphic methods with respect
to equipment and protocols. No effort
was made to select specific equipment
because the aim of this part of the study
was to acquire information on the utility
of examinations performed at various cen-
ters.


MATERIALS AND METHODS


Patients and Protocols


Retrospective study.—From the patients
referred to the endocrine unit at our
institution during 1993–1995, 49 pa-
tients were selected for the study (41
women, eight men; age range, 20–72
years; mean age 6 SD, 55 years 6 13).
Patients were selected on the basis of the
following criteria: (a) presence of pHPT,
(b) involved glands confined to the ante-
rior region of the neck, (c) no history of
surgery in that region, (d) presence of


surgical and histopathologic confirma-
tion of pHPT, and (e) lack of persistence or
recurrence of pHPT for at least 1 year after
surgery.


All selected patients had been evalu-
ated at different radiologic and nuclear
medicine university centers and by differ-
ent operators (including C.B., S.C., A.T.,
G.B.), who used at least two of the follow-
ing methods: US (n 5 47), CT (n 5 27),
MR imaging (n 5 24), and 99mTc MIBI
scintigraphy (n 5 36). As a standard proce-
dure, the patients were referred for the
different techniques at the same time,
with the only indication to the operators
being the presence of biochemical and
clinical signs of pHPT. The examinations
were performed in random order, and the
resultant images were interpreted inde-
pendently and in blinded fashion by each
operator; a clinician (M.L.D.F.) analyzed
the results of the examinations at the
same time (at the end of the diagnostic
procedures), with no further discussion
with the operators.


Prospective study.—All patients with
pHPT diagnosed at our endocrine unit
from January 1995 to December 1995


were enrolled in a prospective study. Writ-
ten informed consent was obtained, and
the study protocol was approved by the
institutional committee. One year after
surgery, 16 women (age range, 54–71
years; mean age, 61 years 6 7) met the
five inclusion criteria (same criteria as for
the retrospective study).


In all patients, surgical findings con-
firmed the presence of one or more abnor-
mal parathyroid glands in the anterior
region of the neck, with one excep-
tion—a woman with a diagnosis of ‘‘uni-
dentified’’ (Table 1). This patient had
biochemical features of pHPT, a huge
goiter, a history of irradiation in the neck
region because of chronic pharyngitis (30
years earlier), and US and MR imaging
evidence suggestive of abnormal parathy-
roid tissue in the neck. At surgery, no
abnormal parathyroid gland was found,
and on images, the lesion diagnosed as a
parathyroid nodule appeared to be a
lymph node. However, similar to the other
patients, calcium and parathyroid hor-
mone levels decreased to normal after
surgery and remained in the normal range
for up to 1 year. We concluded, therefore,


TABLE 1
Patient Characteristics and Surgical and Histopathologic Findings


Parameter
Retrospective


Study
Prospective


Study


No. of patients 49 16
Diagnosis


Parathyroid adenoma 32 11
Parathyroid hyperplasia 17 4
Unidentified 0 1


Parathyroid nodules 80 24
No. of adenomatous glands 33 11
Volume of adenomatous glands (cm3)* 1.2 6 2.2


(0.06–10.40)
2.5 6 4.5


(0.08–15.10)
No. of hyperplastic glands 47 13
Volume of hyperplastic glands (cm3)* 1.1 6 2.4


(0.004–4.500)
1.6 6 2.5


(0.04–8.70)
Location of parathyroid glands in neck


Retrothyroid 69 20
Intrathyroid 3 2
Subthyroid 5 1
Ectopic 3 1


Coexistent thyroid nodular disease
Parathyroid adenoma† 14/32 (44) 5/11 (45)
Parathyroid hyperplasia† 5/17 (29) 1/4 (25)
Unidentified† 0/0 (0) 1/1 (100)


No. of thyroid nodular lesions 24 16
Adenoma 2 0
Papillary carcinoma 2 2
Nodular goiter 20 14


No. of thyroid diffuse lesions 4 2
Goiter 3 0
Thyroiditis 1 2


Lymph nodes 2 2
Total no. of nodular lesions 106 42


* Data are the mean plus or minus SD. Numbers in parentheses are the range.
† Data are number of patients with thyroid disease/number of patients with parathyroid disease.


Number in parentheses is the percentage.
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that pathologic parathyroid tissue may
have been present and was removed at
surgery but that identification of such
tissue was hampered by the dimensions
of the goiter and the consequences of
irradiation of the region.


The patients underwent B-mode gray-
scale and color Doppler US, MR imaging,
and 99mTcMIBI scintigraphy. For each mo-
dality, the imaging study was performed
with the same instrument and in single-
blind fashion by the same experienced
operator for each modality. Each operator
interpreted the images without knowl-
edge of the findings from images ob-
tained with the other modalities and with-
out further discussion with the clinician.


Retrospective Study Imaging
Techniques


CT studies.—CT was performed with ad-
vanced second- and third-generation CT
scanners (Tomoscan 350, Philips Medical
Systems, Eindhoven, the Netherlands; CT
8000, GE Medical Systems, Milwaukee,
Wis). Scanning was performed before and
after intravenous administration of iodin-
ated contrast medium (iohexol, Omnipa-
que 300, Schering, Berlin, Germany; iop-
amidol, Iopamiro 300, Bracco, Milan,
Italy). Contiguous 2- or 5-mm-thick sec-
tions were obtained at 250–400 mAs.


MR imaging studies.—MR images were
obtained with a 0.5-T superconducting
magnet (Gyroscan; Philips Medical Sys-
tems) equipped with a head coil or collar-
shaped surface coil. Spin-echo T1-
weighted (480–600/12–18 [repetition time
msec/echo time msec]) and T2-weighted
(1,700–2,100/90–100) images were ob-
tained. Spin-echo T1-weighted images were
also obtained after intravenous adminis-
tration of a paramagnetic contrast me-
dium (gadopentetate dimeglumine [0.2
mmol/kg], Magnevist; Schering). Contigu-
ous 5-mm-thick T1-weighted and 8-mm-
thick T2-weighted transverse and sagittal
multisection studies were obtained from
the angle of the mandible to the clavicle.


US studies.—US was performed with
electronic 5- and 7.5-MHz transducers
with a multicrystal linear array (model
AU 450, Esaote Biomedica, Genoa, Italy;
model SSD650, Aloka, Tokyo, Japan).
Transverse and sagittal scans were ob-
tained from the level of the mandibles to
the medial end of the clavicles.


Scintigraphic studies.—Scintigraphy was
performed by means of rapid intravenous
administration of 99mTc MIBI (240 mBq).
Images were obtained at 10 and 90 min-
utes after administration of 99mTc MIBI.
The image field included the retromas-


toid region superiorly and the sternal
xiphoid process inferiorly. A static acqui-
sition for 10 minutes was performed with
a circular gamma camera and a low-energy
parallel-hole collimator (matrix, 128 3
128; zoom acquisition factor, 1.5).


Prospective Study Imaging
Techniques and Diagnostic Criteria


MR imaging studies.—MR images were
obtained with 0.5-T unit (Gyroscan T5-
II/3; Philips Medical Systems) with a
12-mT gradient by using a surface coil or
quadrature receive coil. Contiguous T1-
weighted turbo spin-echo images (450–
650/12–15 [repetition time msec/effec-
tive echo time msec) were obtained before
and after intravenous administration of a
0.1–0.2 mmol/kg bolus of gadopentetate
dimeglumine. Dynamic studies were per-
formed by using the Key-Hole technique
(Philips Medical Systems), with acquisi-
tions at 0, 25, 50, 75, 125, and 250
seconds after administration of contrast
material (2,205/11–14, 30° flip angle).
T2-weighted turbo spin-echo images
(3,000–3,400/100–120 [effective], 5-mm
section thickness) also were obtained. MR
imaging was performed in the transverse,
sagittal, and coronal planes. The neck
region was imaged from the mastoid pro-
cesses to the clavicle.


On MR images, a parathyroid gland
was considered to be abnormal when the
signal intensity pattern of the suspected
soft-tissue lesion was different from that
of thyroid parenchyma, thyroid nodules,
or lymph nodes. A typical pattern of
parathyroid signal intensity could not be
identified on the basis of data from the
retrospective study. Location of a soft-
tissue mass in the retrothyroid region,
within the dorsal part of the thyroid, or
caudal with respect to the gland contrib-
uted to the confidence of the diagnosis,
as did a location close to the carotid
artery sheath. Normal parathyroid glands
were not detectable. For the dynamic MR
studies, a parathyroid nature also was
postulated for nodules with early and
transient contrast enhancement, which
was suggestive of arterial vascularization.


US studies.—US of the anterior portion
of the neck was performed with a real-
time B-mode system equipped with a
7.5-MHz linear-array probe (model AU
560; Esaote Biomedica) and a mechani-
cally moving 10-MHz scan-head trans-
ducer oscillating in an oil bath (AU 420;
Esaote Biomedica). The transverse resolu-
tion was 0.5 mm, the lateral resolution
was 1–2 mm, the field of view was 3 3 5
cm, and the depth of penetration was 4–5


cm. Transverse and sagittal scans were
obtained from the level of the mandible
to the clavicle, with the patient’s neck
hyperextended. Acoustic gel was used.


Parathyroid glands were measured in
three dimensions, and the US appearance
was analyzed with respect to echotexture,
homogeneity of the inner structure, con-
figuration, and location. US images were
considered to be positive for a parathy-
roid nodule when the images depicted a
relatively hypoechoic (with respect to
thyroid nodules) or anechoic homoge-
neous area with an oval shape, regular
borders, aligned in a craniocaudal direc-
tion, and located in the retrothyroid re-
gion within the posterior portion of thy-
roid parenchyma or in proximity to the
carotid artery sheath. In larger nodules, a
lack of homogeneity, cystic changes, ne-
crotic areas, or a tendency toward a round
shape also were evident (6).


Color Doppler US studies.—Color Dopp-
ler US was performed with a 7.5-MHz
linear-array transducer (model AU 590
Asynchronous; Esaote Biomedica) (the
power module was not available) with a
pulse repetition frequency of 500–800 Hz
and a color gain of 5–15 Hz. More intense
color signals were also evaluated by using
pulsed-wave spectral analysis. The criteria
for parathyroid lesions were as follows:
(a) a polar distribution of color with an
arterial pattern and virtually no perinodu-
lar peripheral distribution and (b) a dif-
fuse intraparenchymal distribution of
color signals without an arterial-pole or
perinodular distribution.


Scintigraphic studies.—The patients were
positioned supine with the head and neck
extended and immobilized. A bolus con-
taining 240 mBq of 99mTc MIBI (Cardio-
lite, Du Pont–Pharma, Brussels, Belgium;
Elumatic, Oris-CEA, Gif-sur-Yvette, France),
prepared according to the manufacturer’s
instructions, was injected intravenously.
A 10-minute dynamic acquisition (20
frames) was performed. The acquisition
began immediately after the bolus injec-
tion and at 120 minutes. We used a
circular gamma camera and a low-energy
parallel-hole collimator (matrix, 128 3
128; zoom acquisition factor, 1.5). The
image field included the retromastoid
region superiorly and the sternal xiphoid
process inferiorly. The differential wash-
out properties of MIBI lead to a marked
change in the uptake ratio of parathyroid
lesions relative to that in thyroid tissue
between early (10–15-minute) and de-
layed (2-hour) images (16), which allows
identification of abnormal parathyroid
glands in cases of coexistent thyroid dis-
ease. Abnormal ectopic parathyroid glands
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can also be visualized on early images. We
increased the delayed data acquisition
time to 120 minutes, rather than the
standard 90 minutes as was used in the
retrospective study, to improve demon-
stration of parathyroid tissue in patients
with a slightly slower washout time and
coexistent thyroid disease.


Verification of Imaging Results


The results of the preoperative localiza-
tion procedures were correlated with the
findings at surgical exploration. Data from
each technique were analyzed in relation
to histopathologic findings (adenoma or
hyperplasia), anatomic location in the
neck, gland size, and coexistent thyroid
disease. Pitfalls in detection (presence vs
absence of a nodule) and characterization
(parathyroid origin of a nodule) were
considered separately. A study was classi-
fied as true-positive if the defined abnor-
mality corresponded to the surgical and
histopathologic findings for exact loca-
tion, size, and origin. False-negative re-
sults were obtained when a nodule could
not be detected and/or pathologic para-
thyroid tissue was erroneously character-
ized as thyroidal or nodal in origin. False-
positive results were obtained when a
nodule was detected but there was no
surgical confirmation of its presence or
when a nodule was erroneously character-
ized as a pathologic parathyroid gland.


Surgical evaluation.—Detailed descrip-
tions of the numbers, anatomic sites, and
sizes of parathyroid and nonparathyroid
nodules were obtained from surgical re-
ports. For each gland, the diameter was
measured along three axes; gland volume
was determined by using the formula
(p/6)xyz for an ellipsoid with diameters x,
y, and z in the three orthogonal planes.
The longest diameter was used for correla-
tion with imaging studies because of the
usually ellipsoid shape of the glands.


Histopathologic evaluation.—Paraffin-
embedded sections stained with hema-
toxylin and eosin were examined with-
out knowledge of imaging results. Clinical
history, laboratory data, and surgical notes
were taken into account for the final
diagnosis of parathyroid disease. Briefly,
criteria for a diagnosis of adenoma in-
cluded the presence of a single enlarged
gland together with evidence of three
normal-sized glands and at least a second
(and often a third) histologically normal
gland. The diagnosis of hyperplasia was
based on the presence of at least two en-
larged glands or one enlarged gland and a
second normal-sized or minimally enlarged
gland with abnormal cellularity (17).


Statistical Analyses


For the retrospective and prospective
studies, true-positive, true-negative, false-
positive, and false-negative findings were
assessed for all localization methods. The
accuracy, sensitivity, specificity, positive
predictive value, and negative predictive
value for parathyroid and nonparathy-
roid nodular lesions also were deter-
mined. Other statistical tests were not
performed for the retrospective study ow-
ing to heterogeneity of the data.


The Fisher exact test (18) was per-
formed with data from the prospective
study to compare rates between different
imaging methods. There was no correction
for simultaneous pairwise comparisons.


RESULTS


Retrospective Study


The surgical and histopathologic find-
ings are summarized in Table 1. A total of
106 abnormalities were found in the 49
patients. Of these, 80 corresponded to
abnormal parathyroid glands (33 adeno-
matous and 47 hyperplastic); 24, to thy-
roid nodules (20 in nodular goiter, two
adenomatous, and two neoplastic); and
two, to lymph nodes. Thyroid nodular
disease was present in nineteen (39%)
patients with pHPT and was associated
with parathyroid adenoma in 14 (74%) of
these patients.


The sensitivity and specificity for CT,
MR imaging, and US were lower than
those reported by some authors (6,7,10),
whereas 99mTc MIBI scintigraphy showed
a better sensitivity (57%) and specificity
(85%), with a positive predictive value of
91% (Table 2).


In Figure 1, the correlation of parathy-


roid gland histopathologic findings, site,
size, and frequency of coexistent thyroid
disease with the results of the four imag-
ing techniques are presented. More than
70% of parathyroid nodules were not
detected at CT, MR imaging, or US,
whereas 43% of the nodules were de-
tected at scintigraphy. Most of the un-
recognized nodules (approximately 70%)
were interpreted as hyperplastic glands.
In addition, more than 80% of these
nodules were found to have a longest axis
that was 2 cm or more. An ectopic loca-
tion for a pathologic gland was not associ-
ated with failure to detect nodules (more
than 85% of nondetected nodules were
located in the retrothyroid region). Co-
existent thyroid disease seemed to be
more frequently associated with nodules
that were not detected at CT and MR
imaging, but it did not affect the results
obtained with US and scintigraphy.


Prospective Study


Forty-two abnormalities were detected
in the prospective study: Twenty-four
were of parathyroid origin (11 cases of
adenoma, 13 cases of hyperplasia), 16
were thyroid nodules, and two were
lymph nodes (Table 1). Seven patients
(five with parathyroid adenoma, one with
parathyroid hyperplasia, and one with a
diagnosis of ‘‘unidentified’’) also were
affected by nodular thyroid disease (44%
of patients with pHPT), for a total of 16
nodules (14 as part of nodular goiter, two
cases of carcinoma). Two patients had
chronic autoimmune thyroiditis.


The results obtained with the three
imaging techniques are shown in Table 3.
All techniques had good sensitivity and
specificity. US and scintigraphy had ap-
proximately equivalent sensitivity, speci-


TABLE 2
Correlation of Pathologic Findings with Imaging Results:
Localization of Abnormal Parathyroid Glands in the Retrospective Study


Result CT
MR


Imaging US Scintigraphy


Total no. of nodules 64 64 104 73
Parathyroid nodules 46 47 78 53
No. of true-positive 6 8 21 30
No. of false-negative* 40 (29/11) 39 (33/6) 57 (43/14) 23
No. of false-positive* 11 (8/3) 6 (6/0) 9 (7/2) 3
No. of true-negative 7 11 17 17
Prevalence (%) 72 73 75 73
Sensitivity (%) 13 17 27 57
Specificity (%) 39 65 65 85
Accuracy (%) 20 29 36 64
Positive predictive value (%) 35 57 70 91
Negative predictive value (%) 15 22 23 42


* Numbers in parentheses are errors in detection/errors in characterization.
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ficity, accuracy, and positive and negative
predictive values; these values were lower
for MR imaging, although the differences


were not significant. The characteristics
of the parathyroid nodules studied with
the three methods are shown in Figure 2.


Gland size was a limiting factor at MR
imaging: MR images were false-negative
for 12 (50%) of 24 parathyroid nodules.
For nine (75%) of these nodules, the
results represented a detection error (four
adenomatous lesions, five hyperplastic
lesions). In six (67%) of these nine, the
longest axis was 1 cm or greater; in three
(33%), the longest axis was 2 cm or
greater. MR images were false-positive for
four nodules, including two lymph nodes
and two thyroid nodules (one case of
nodular goiter, one case of chronic auto-
immune thyroiditis) misinterpreted as
parathyroid nodules. Dynamic contrast-
enhanced MR studies facilitated detec-
tion of four parathyroid nodules in addi-
tion to those recognized on the non-
enhanced MR studies. However, it was
not possible to identify a pattern of en-
hancement that was typical of parathy-
roid tissue.


False-negative US images (eight of 24
nodules) consisted almost exclusively of
characterization errors, with the excep-
tion of one case of an ectopic nodule
located beneath the carotid artery sheath.
In fact, two nodules in one patient were
intrathyroidal in location, mimicking a
goiter; two nodules in a patient with
chronic autoimmune thyroiditis were hy-
perplastic; two retrothyroid nodules were
associated with a huge nodular goiter;
and one lesion was a large cystic and
necrotic nodule (Table 4). Negative nod-
ules were associated mainly with hyper-
plastic glands (six of eight nodules). Five
(62%) of the eight nodules that were not
characterized were approximately 2 cm
in longest diameter; however, of the 16
nodules correctly identified at US, 12
(75%) were small (longest axis # 2 cm;
in six of these, longest axis # 1 cm),
which thus suggests that for US, lesion


Figure 1. Graphs show correlation of surgical
and histopathologic findings with CT, MR im-
aging, US, and 99mTC MIBI scintigraphic results
from the retrospective study. Black bars 5
parathyroid nodules correctly identified, white
bars 5 parathyroid nodules not identified. 1,
Percentage of nodules that were correctly deter-
mined to be present or absent. 2, Percentage of
nodules determined to be present or absent in
relation to histologic characteristics in patients
with adenoma (A) and patients with hyper-
plasia (H). 3, Percentage of nodules determined
to be present or absent in relation to retrothy-
roid (R), intrathyroid (I ), or ectopic (E) loca-
tion. 4, Percentage of nodules determined to be
present or absent in relation to the size of the
longest axis of the gland. 5, Percentage of
coexistent diffuse and/or nodular thyroid dis-
ease (goiter and/or thyroiditis) in patients with
pHPT.
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size was not a limiting factor. The only
false-positive US finding of a nodule was
that of a retrothyroid lymph node in a
patient with goiter, thyroiditis, and a
history of neck irradiation. Of the eight
nodules for which US findings were false-
negative, seven were detected at scintigra-
phy.


Scintigraphic results appeared to be
more dependent on gland size, because
the longest axis in a majority of positive
nodules was 1 cm or more (Fig 1). How-
ever 99mTc MIBI scintigraphy also ap-
peared to be sensitive for some smaller
glands. The sensitivity, specificity, and
accuracy were higher that those values
obtained in the retrospective study (71%
vs 57%, 89% vs 85%, and 79% vs 64%,
respectively).


Doppler US results could not be evalu-
ated in one patient with parathyroid hy-
perplasia, nodular goiter, and thyroid car-
cinoma and in one patient with an ectopic
parathyroid nodule that was not detected
at US. Of 35 nodules studied, 21 were of
parathyroid origin, 13 were of thyroid
origin, and one was a lymph node. In 12
(57%) of 21 parathyroid nodules exam-
ined with this technique, Doppler signals
could not be detected; these 12 nodules
included three cases of adenoma and
nine cases of hyperplasia. In two (10%) of
the 21 nodules, Doppler signals were pre-
sent but were not specific. In the remain-
ing seven (33%), we could identify the
characteristic pattern that has been de-
scribed in the literature (10) and previ-
ously observed by us. Six of these seven


lesions were characterized as adenomas,
and four of these, as well as the only
hyperplastic nodule in this group, had a
longest axis that was more than 1 cm.
Nine of 12 parathyroid nodules with no
Doppler signals were characterized as hy-
perplastic lesions (four had a longest axis
of ,1 cm). The presence of thyroid dis-
ease did not influence the results. One
false-positive finding of a nodule was
confirmed to be a lymph node. In conclu-
sion, Doppler US had low sensitivity
(33%) and accuracy (57%) but high speci-
ficity (93%) and positive predictive value
(87%).


The association of more than one tech-
nique (defined as results of analyses of
techniques in concordance with the cor-
rect diagnosis) resulted in a marked al-
though nonsignificant reduction in sensi-
tivity (42% reduction for MR imaging
and scintigraphy and for US and scintigra-
phy, 33% reduction for US and MR imag-
ing, 29% reduction for MR imaging, US,
and scintigraphy). The increase in speci-
ficity that could be obtained by associa-
tion of two techniques was small and
nonsignificant, owing to the high specific-
ity achieved with each method alone
(78% for MR imaging, 94% for US, and
89% for scintigraphy).


In consideration of the relatively high
sensitivity and specificity of each tech-
nique used alone, statistical analysis of
the combination of more than one tech-
nique (pathologic parathyroid nodule lo-
calized with at least one of the two or
three studies) was performed to assess


whether an improvement in any of the
evaluated parameters could be achieved.
Results indicated that the combination
any one method with one or two of the
other methods resulted in an increase in
sensitivity (79% for MR imaging and US
vs 50% for MR imaging alone [P , .02];
75% for MR imaging and scintigraphy vs
50% for MR imaging alone [P , .05]; 96%
for US and scintigraphy vs 67% for US
alone [P , .05], 71% for scintigraphy
alone [P , .02], and 50% for MR imaging
alone [P , .001]).


The specificity of the combination of
US and scintigraphy (83%) was signifi-
cantly higher than that obtained with
combinations of either MR imaging and
US (P , .05) or MR imaging and scintigra-
phy (P , .01). The combination of US and
scintigraphy also resulted in increases in
the accuracy (90% vs 67% for MR imag-
ing and US and 59% for MR imaging and
scintigraphy [not significant]), positive
predictive value (88% vs 68% for MR
imaging and US [not significant] and
62% for MR imaging and scintigraphy
[P , .03]), and negative predictive value
(94% vs 54% for MR imaging and scintig-
raphy [P , .02]); therefore, the combina-
tion of US and 99mTc MIBI scintigraphy
appeared to be the most reliable tech-
nique.


The pitfalls associated with US and
scintigraphy in cases where a positive
result was obtained with one technique
(either false-positive or false-negative) are
shown in Table 4. The combination of US
and scintigraphy led to a correct diagno-


TABLE 3
Correlation of Pathologic Findings with Imaging Results in 24 Parathyroid Nodules in the Prospective Study


Result
MR


Imaging US Scintigraphy


MR
Imaging
and US


MR
Imaging


and
Scintigraphy


US and
Scintigraphy


MR
Imaging,
US, and


Scintigraphy


No. of true-positive 12 16 17 19 18 23 23
No. of false-negative* 12 (9/3) 8 (1/7) 7 5 6 1 1
No. of false-positive* 4 (0/3) 1 (0/1) 2 9 11 3 11
No. of true-negative 14 17 16 9 7 15 7
Sensitivity (%) 50 67 71 79† 75‡ 96§ 96§


Specificity (%) 78 94 89\ 50 39 83# 38
Accuracy (%) 62 79 79 67 59 90 71
Positive predictive value (%) 75 94 89** 68 62 88** 68
Negative predictive value (%) 54 68 70 64 54 94†† 87


Note.—The prevalence of parathyroid nodules was 24 (57%) of 42 total nodules.
* Numbers in parentheses are errors in detection/errors in characterization.
† Significantly different from MR imaging alone (P , .02).
‡ Significantly different from MR imaging alone (P , .05).
§ Significantly different from US alone (P , .02), scintigraphy alone (P , .05), and MR imaging alone (P , .001).
\ Significantly different from MR imaging and scintigraphy (P , .005).
# Significantly different from MR imaging and US (P , .05) and MR imaging and scintigraphy (P , .01).
** Significantly different from MR imaging and scintigraphy (P , .03).
†† Significantly different from MR imaging and scintigraphy (P , .02).
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sis of 23 of 24 nodules. Five of six cases
where US was positive and scintigraphy
was negative involved nodules with all
three axes smaller than 10 mm (the sixth
case was of a 10 3 10 3 20-mm fusiform
nodule). Positive scintigrams allowed di-
agnosis of one ectopic gland not detected
at US and six nodules not characterized at
US (size, 5–35 3 5–15 mm). The only case
in which both techniques provided nega-
tive results proved to be a large hyperplas-


tic gland with wide cystic and necrotic
areas in a patient with four large hyper-
plastic glands mimicking a goiter; two
other parathyroid glands in this patient
also were not characterized at US owing to
findings suggestive of a thyroid goiter. Errors
in US characterization appeared to be due to
intrathyroid location or associated thyroid
disease. Positive US and negative scinti-
graphic findings of nodules were associated
with small gland size (n 5 5) or a coexistent


thyroid nodule overlying the parathyroid
nodule (n 5 1); all were correctly diagnosed
at US. False-positive findings of a parathy-
roid gland included a lymph node (US char-
acterization error) and goiter with or with-
out a surgically proved nodule.


The combination of MR imaging and
US or MR imaging and scintigraphy did
not result in a significant increase in any
of the parameters evaluated, as compared
with US alone or scintigraphy alone (Table
3), which suggests that MR imaging was
less useful in these combinations.


The combination of all three tech-
niques did not lead to significant in-
creases in sensitivity, specificity, accuracy,
or positive or negative predictive values,
as compared with the increases observed
with the combination of US and scintigra-
phy (Table 3).


The association of thyroid disease and
location in the neck appeared to be rel-
evant for localization techniques, in par-
ticular for US (four of eight negative
parathyroid nodules were intrathyroid or
ectopic, and thyroid disease was slightly
more frequent).


DISCUSSION


The results of our retrospective analysis
showed that the sensitivity, specificity,
accuracy, and positive and negative pre-
dictive values for CT, MR, US, and 99mTc
MIBI scintigraphy (Table 2) were lower
than those reported in the literature (19–
23). A possible explanation for our find-
ings may be the high percentage of hyper-
plastic nodules (approximately 80%) in
our series; these nodules had a longest
diameter that was often less than 2 cm
and a fusiform rodlike shape (24,25).
These nodules often were not detected
(25 of 29 hyperplastic nodules at CT, 29
of 33 at MR imaging, 34 of 38 at US) due
to their small dimensions and to morpho-
logic characteristics that were similar to
those of normal parathyroid glands and
thyroid tissue (Fig 1).


Thyroid disease was more frequently
associated with nodules not detected at
CT or MR imaging than with correctly
identified nodules (Fig 1), which suggests
that the presence of thyroid disease con-
tributed to the low sensitivity and specific-
ity of these techniques. Parathyroid nod-
ules not detected at CT and MR imaging
were mainly retrothyroid in location,
which indicates that the anatomic loca-
tion was less of an influence on lesion
detection than was nodule size.


Scintigraphy had better specificity and
positive predictive values. As for CT, MR


Figure 2. Graphs show correlation of surgical and histopathologic findings with MR imaging,
US, and 99mTC MIBI scintigraphic results from the prospective study. Black bars 5 parathyroid
nodules correctly identified, white bars 5 parathyroid nodules not identified. 1, Percentage of
parathyroid nodules that were correctly determined to be present or absent. 2, Percentage of
nodules determined to be present or absent in relation to histologic characteristics in patients
with adenoma (A) and patients with hyperplasia (H). 3, Percentage of nodules determined to be
present or absent in relation to retrothyroid (R), intrathyroid (I ), or ectopic (E) location.
4, Percentage of nodules determined to be present or absent in relation to the size of the longest
axis of the gland. 5, Percentage of coexistent diffuse and/or nodular thyroid disease (goiter and/or
thyroiditis) in patients with pHPT.
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imaging, and US, parathyroid hyperpla-
sia was more often present in the group of
nondetected nodules (17 of 23). Indeed,
true-positive nodules usually were larger
(21 of 30 with longest axis . 1 cm), and
most (20 of 30) were shown to be adeno-
matous lesions. Coexistent thyroid dis-
ease appeared not to influence the inter-
pretation of the scintigraphic image. In
conclusion, the results of our retrospec-
tive analysis showed an unsatisfactory
sensitivity and specificity for all of the
techniques investigated; this was espe-
cially evident for US, CT, and MR imag-
ing, particularly in the absence of specific
and extensive operator experience with
parathyroid gland evaluation.


To determine accurate and reliable diag-
nostic criteria for parathyroid tissue that
could be adopted for complicated cases
with lower surgical success rates (eg, recur-
rent or persistent pHPT at second inter-
vention or previous surgery for thyroid
disease), the errors in detection and/or
characterization observed in this retro-
spective analysis were used to outline a
protocol for a single-blind prospective
study. To improve US specificity (improve
correct characterization of parathyroid
nodules), Doppler US was combined with
gray-scale US. CT was not included because


the CT results obtained in the retrospec-
tive study showed low sensitivity, specific-
ity, and positive and negative predictive
values, similar to those of MR imaging
(Table 2), and the use of CT added radia-
tion dose to the patients.


In comparison with the results of the
retrospective study, 99mTc MIBI scintigra-
phy in the prospective study showed in-
creases in sensitivity, accuracy, and nega-
tive predictive value and similar specificity
and positive predictive value, with no
differences between adenoma and hyper-
plasia among the positive and negative
nodules. In five of seven negative parathy-
roid nodules and in five of 17 positive
nodules, the longest axis was less than 1
cm, with no differences in plasma cal-
cium and parathyroid hormone levels
between these two groups (data not
shown). Interestingly, three of the five
nodules that were negative at scintigra-
phy were in two patients with hyperpla-
sia and at least one other parathyroid
nodule that was positive at scintigraphy;
this result suggests that glandular meta-
bolic activity may influence the detection
limit of scintigraphy. The role of coexist-
ent thyroid disease was not calculated,
owing to the small number of false-
positive and false-negative results in this


series. The two false-positive findings were
of a thyroid nodule in nodular goiter and
a case of chronic autoimmune thyroiditis
with no surgical and histologic confirma-
tion of the presence of a parathyroid
nodule. The possibility of uptake of 99mTc
MIBI by a hyperplastic thyroid nodules
and Hürthle cell adenoma has been dem-
onstrated (11).


US showed better results in the prospec-
tive study than in the retrospective study.
Indeed, the sensitivity, specificity, accu-
racy, and positive and negative predictive
values were in the same range as those for
scintigraphy, although no specific echo-
textural patterns were recognizable, and
identification was reliant on the site of
the lesion. The major pitfalls of US were
associated with the detection of ectopic
nodules, the characterization of intra-
thyroid nodules, or the presence of thy-
roid disease. The use of the 10-MHz trans-
ducer resulted in an increase in the total
number of detected nodules but did not
provide any additional information for
characterization.


The limitations of US do not appear to
be related to the small size of a parathy-
roid nodule but rather to characterization
of such a nodule. Therefore, we included
Doppler US analysis in this study. In cases


TABLE 4
Pitfalls in Prospective Detection and Characterization of Parathyroid Nodules at US and/or Scintigraphy


Patient No./
No. of Nodules


Detected
at US


US
Characterization


Detected at
Scintigraphy Location


Longest
Diameters


(mm) Comments


1/1 Yes Thyroid nodule* No* Retrothyroid 25 3 10 Parathyroid hyperplasia with wide
necrotic areas


1/2 Yes Thyroid nodule* Yes Intrathyroid 35 3 15 Hyperplasia of all parathyroid glands
mimicking diffuse goiter


1/3 Yes Thyroid nodule* Yes Intrathyroid 30 3 30 Hyperplasia of all parathyroid glands
mimicking diffuse goiter


2/1 Yes Parathyroid nodule No* Retrothyroid 10 3 10 Parathyroid hyperplasia
2/2 Yes Thyroid nodule* Yes Intrathyroid 10 3 10 Parathyroid hyperplasia in nodular


goiter
3/1 Yes Parathyroid nodule No* Subthyroid 10 3 10 Parathyroid adenoma
4/1 Yes Parathyroid nodule No* Retrothyroid 10 3 20 Parathyroid adenoma in goiter with


overlying thyroid nodule
4/2 No Not applicable Yes† Not applicable Not applicable Goiter, no parathyroid nodule
5/1 Yes Parathyroid nodule No* Retrothyroid 9 3 8 Parathyroid adenoma
6/1 Yes Parathyroid nodule No* Retrothyroid 5 3 5 Parathyroid hyperplasia
6/2 Yes Parathyroid nodule No* Retrothyroid 8 3 2 Parathyroid hyperplasia
7/1 Yes Thyroid nodule* Yes Retrothyroid 20 3 15 Parathyroid adenoma, nodular


goiter
8/1 No* Not applicable Yes Ectopic 10 3 15 Parathyroid adenoma behind neuro-


vascular bundle
9/1 Yes Thyroid nodule* Yes Intrathyroid 6 3 6 Parathyroid hyperplasia in chronic


autoimmune thyroiditis
9/2 Yes Thyroid nodule* Yes Subthyroid 10 3 5 Parathyroid hyperplasia in chronic


autoimmune thyroiditis
10/1 Yes Parathyroid nodule† No Retrothyroid 20 3 10 Lymph node
11/1 No Not applicable Yes† Retrothyroid Not applicable Goiter


* False-negative.
† False-positive.
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where Doppler signals were present, the
specificity of this technique was high
(93%, with only one false-positive find-
ing due to a lymph node), although the
number of parathyroid nodules analyzed
for Doppler signals was too small for us to


draw final conclusions. Interestingly, the
specific Doppler signals seemed to be
more often represented in parathyroid
adenomatous lesions (six of seven nod-
ules) with a longest axis that was greater
than 1 cm; therefore, this technique was


not helpful, at least in our investigation,
in cases of smaller glands. In fact, 12 of 21
nodules in our series showed no detect-
able signals, and only two of eight nod-
ules with a longest axis that was more
than 1 cm showed a specific pattern.


MR imaging showed an increase in all
of the parameters evaluated relative to
those from the retrospective study; in
particular, sensitivity increased from 17%
to 50%, probably due to the decrease in
image acquisition time. However, the spa-
tial resolution of MR images of the neck is
undoubtedly lower than that of US im-
ages (leading to the possibility of detec-
tion errors), and the sharp contrast resolu-
tion that can be obtained does not appear
to markedly improve characterization of
parathyroid nodules, owing the variabil-
ity in signal intensity among parathyroid
glands and nodules, thyroid nodules, and
lymph nodes. Moreover, the results of
dynamic contrast-enhanced MR imaging
did not lead to a significant increase in
the number of nodules detected or im-
provement in characterization. Indeed,
the specificity and positive predictive
value were higher with respect to those
statistics in the retrospective study but
lower than those reported for US and
99mTc MIBI scintigraphy (although not
significantly, owing to the small number
of cases).


The combination of two techniques
that both had high sensitivity and speci-
ficity resulted in an increase in sensitivity.
In particular, the combination of US and
scintigraphy resulted in the best balance
between the parameters evaluated (Table
3). In fact, with scintigraphy, it was pos-
sible to characterize nodules not charac-
terized at US and to detect ectopic glands,
whereas with US, it was possible to detect
lesions that may have been overlooked
at scintigraphy owing to their small di-
mensions, low metabolic activity, and/or
the presence of necrotic or cystic areas
(Table 4).


In contrast to the combination of US
and scintigraphy, the combination of MR
imaging with US or with scintigraphy led
to a significant increase in sensitivity
with respect to MR imaging alone (P ,
.02) but did not influence the results
obtained with US or scintigraphy. This
reinforces the hypothesis of the low util-
ity of MR imaging for demonstration of
neck lesions. Finally, the combination of
US, scintigraphy, and MR imaging did
not improve the quality of data relative to
results obtained with the combination of
US and scintigraphy.


From the analysis of these findings, a
list of the limitations for each localization


Figure 3. Flowchart shows proposed algorithm for preoperative evaluation of parathyroid
nodular lesions in patients with pHPT who have not been treated with surgery. Neck and
mediastinal scintigraphy with 99mTc MIBI should be the first approach. Neck US should always
follow scintigraphy, including in cases of negative scintigrams (MIBI -), positive scintigrams
(MIBI 1) of the neck (to rule out false-positive [false 1] results), and positive scintigrams of the
mediastinum (to rule out false-negative [false -] results in the neck or multiglandular disease). In
cases of negative scintigrams, an accurate evaluation of causes of error associated with this
technique should facilitate the correct selection of other methods, thus helping to optimize the
criteria for detection and characterization even in cases of small nodules. In the presence of goiter
and equivocal scintigraphic data, thyroid 99mTc pertechnetate scintigraphy performed shortly
after 99mTc MIBI scintigraphy will improve the sensitivity and specificity.


TABLE 5
False-Negative and False-Positive Findings


Modality False-Negative Findings False-Positive Findings


Gray-scale US Ectopic location (retrotracheal,
retroesophageal), intrathyroidal
parathyroid glands


Coexistent thyroid disease
(chronic autoimmune thyroid-
itis, nodular goiter), lymph
node, long muscle of the neck


Doppler US No Doppler signals owing to low
sensitivity (possibly improved
with power module), no para-
thyroid-specific signals


Presence of thyroid nodule or
lymph node with pattern sug-
gestive of parathyroid nodule


99mTc MIBI scintigraphy Necrotic- or cystic-appearing
areas, size of 1 cm or smaller,
low metabolic activity in para-
thyroid nodule


Presence of thyroid nodule in
goiter, thyroid adenoma;
absence of nodular findings in
cases of chronic autoimmune
thyroiditis


MR imaging Size of less than 1–2 cm, ellipsoid
shape; absence of contrast-
enhancement pattern; absence
of specific pattern of findings for
characterization


Presence of thyroid nodule or
lymph node
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technique used alone was determined
(Table 5). Figure 3 depicts a potentially
useful model for localization of parathy-
roid lesions, with 99mTc MIBI scintigraphy
of the neck and mediastinum as the first
approach. Neck US should always follow,
whether the scintigrams are positive or
negative, to rule out false-positive and
false-negative results and in the setting of
multiglandular disease. In cases of nega-
tive scintigrams, accurate US evaluation
of the causes of error should facilitate
correct selection of other methods, thus
helping to optimize criteria for detection
and characterization, even in cases of
small lesions.


In conclusion, our results in a large
series of nodules demonstrated (a) the
importance of well-trained operators, es-
pecially for US, for improving localiza-
tion of pHPT lesions; (b) that the use of
more advanced techniques does not nec-
essarily lead to increased sensitivity, speci-
ficity, or predictive values; (c) that the
combination of US and/or 99mTc MIBI
scintigraphy with MR imaging does not
lead to higher sensitivity and adds ex-
pense; (d) that the combination of US
and scintigraphy is the best approach for
localization of parathyroid nodules, not
only in terms of sensitivity, specificity,
accuracy, and predictive values, but also
in relation to cost and risk for the patient;
and (e) that the sequence of examina-
tions, with scintigraphy followed by US,
should help optimize parathyroid nodule
characterization because, in most cases,
the two techniques are complementary.
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