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Abstract
Introduction Successful localization is mandatory for focused
parathyroidectomy. If ultrasound and sestamibi scan are neg-
ative, bilateral neck exploration is necessary.We examined the
contribution of complementary computed tomography (CT)
scan to identify the affected parathyroid gland.
Methods Between November 1999 and April 2014, 25 pa-
tients (20 females and 5 males; mean age 67±11 years) with
negative or dubious standard imaging (ultrasound and
sestamibi scan) underwent CT scan prior to parathyroidecto-
my and were included in this study. Fifteen patients had had
previous neck surgery for parathyroidectomy (n=11) or thy-
roidectomy (n=4). Thin-slice CT (n=9) or four-dimensional
(4D) CT imaging (n=16) was used. Cure was defined as
>50 % post-excision fall of intraoperatively measured para-
thyroid hormone or fall into the normal range, confirmed by
normocalcaemia at least 6 months after surgery.
Results Preoperative CT scan provided correct localization in
13 out of 25 patients (52 %) and was false positive once.
Parathyroidectomy was performed by a focused approach in
11 of these 13 patients as well as in 1 patient guided by intra-
operatively measured parathyroid hormone (ioPTH). Thirteen
patients required bilateral neck exploration. The cure rate was
96 % (24/25 patients). One patient has persistent primary hy-
perparathyroidism (pHPT) and one a recurrent disease. Six
patients presented a multiglandular disease.

Conclusion A CTscan identifies about half of abnormal para-
thyroid glands missed by conventional imaging and allows
focused surgery in selected cases.
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Introduction

Primary hyperparathyroidism (pHPT) is usually caused by a
single adenoma (80–85 %) but can also be due to double
adenomas (2–5 %), chief cell hyperplasia (15–20 %) or para-
thyroid carcinoma (<1 %) [1]. Preoperative localization stud-
ies are used to plan the operative approach and thereby min-
imize the extent of surgical dissection. The aim of the locali-
zation studies should be to differentiate between solitary ade-
noma and multiglandular disease as well as to obtain details
regarding the anatomical location of the enlarged gland(s), due
to the significant embryologic variations in parathyroid anat-
omy [2]. Knowledge of common and unusual anatomic loca-
tions is essential for the operative success during both initial
and reoperative parathyroid surgical exploration.

Positive preoperative localization studies are accepted as a
precondition for applying minimally invasive surgical tech-
niques. If preoperative localization studies are inconclusive,
bilateral neck exploration (BNE) is usually considered as the
standard option [3]. BNE allows identifying all parathyroid
glands, to detect or exclude the presence of multiglandular
disease and remove the abnormal gland(s). Because of the
increased risk for morbidity and failure in reoperation, the
current consensus calls for two concordant imaging studies
localizing the hyperfunctioning parathyroid tissue [4].

Recently, four-dimensional computed tomography (4D
CT) has been described as a new option for preoperative
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localization. It takes advantage of the rapid contrast uptake
and washout that is characteristic of parathyroid adenomas,
compared to the progressive enhancement pattern of lymph
nodes [5, 6]. Four-dimensional CT hereby associates function-
al and detailed anatomic information [7].

In the present study, we report our experience with preop-
erative computed tomography. In a setting of failed localiza-
tion by ultrasound and sestamibi scintigraphy with or without
prior surgery, we examined the contribution of complementa-
ry non-invasive imaging using either standard thin-slice or 4D
CT scan.

Methods

Between November 1999 and April 2014, 926 patients (240
men and 686 women; mean age 57±14 years) underwent
surgery for pHPT in our department. Adenomas were local-
ized in 677 patients with either ultrasound alone (n=179) or
concordant findings in ultrasound and sestamibi scintigraphy
(n=498). Twenty-five patients (5 males and 20 females; mean
age 67±11 years) with negative or dubious ultrasound and/or
sestamibi scintigraphy underwent thin-slice CTscan or 4DCT
prior to surgery and therefore met the inclusion criteria of the
present study. Nine patients were symptomatic, two had a
history of osteopenia or osteoporosis and seven had a history
of nephrolithiasis. Baseline patient characteristics are summa-
rized in Table 1. Between 1999 and 2011, preoperative CT
was not routinely performed in the case of missing localiza-
tion. During this period, nine patients were referred to our
hospital having undergone thin-slice CT. Since 2012, 16 pa-
tients underwent 4D CT at our institution prior to surgery.

Fifteen patients had a history of neck surgery including
four thyroidectomies, three parathyroidectomies and eight un-
successful parathyroid explorations (Table 2).

Imaging technique

Four-dimensional CT imaging was performed on a Brilliance
16-MDCTscanner (Philips Healthcare, Netherlands) using the
following parameters: tube voltage of 120 kVp, tube current

of 250 mAs, collimation of 16×0.75; pitch of 0.938, rotation
of 0.75 s, matrix of 512, slice thickness of 2 mm and incre-
ment of −1.0 mm. Images were obtained from the maxilla to
the tracheal bifurcation after intravenous administration of
120 ml of contrast material (Imeron 300; Bracco) at a rate of
2 ml/s, followed by a bolus of 50 ml of saline. Images were
performed pre- and post-contrast after a delay of 25, 50 and
80 s (Fig. 1). Images were reconstructed at 1 mm in thickness
overlapping with an increment of −0.5 mm in the axial view.
Thin-slice CT scans were performed elsewhere prior and after
the administration of iodinated contrast (with different post-
contrast delay according to the referral radiologist) with image
reconstruction at 1 to 3 mm in thickness.

Surgery

General anaesthesia was used in all cases followed by collec-
tion of a baseline sample of intact parathyroid hormone
(iPTH) from the peripheral vein. A single post-excision
sample was collected 15 min after gland removal for
intraoperative PTH analysis (Nichols Institute Diagnostic,
San Juan Capistrano, CA, USA; published normal range,
10–65 pg/ml). Patients with a single-gland disease underwent
focused parathyroidectomy, while those suspected to have bi-
lateral or multiglandular disease underwent a four-gland ex-
ploration. Intraoperative localization was documented in the
operative and pathology reports. Cure was defined as >50 %
post-excision fall of intraoperatively measured parathyroid
hormone (ioPTH) or fall into the normal range. PTH and cal-
cium levels have been confirmed to remain in the normal
range 6 months after surgery. All patients underwent a pre-
and postoperative direct laryngoscopy to assess the vocal cord
function.

Statistical analysis

Continuous variables are expressed as mean±standard devia-
tion (SD). Between-group differences were assessed by paired
t test. Fisher’s exact test was used for categorical data.

Table 1 Baseline patient characteristics

Patient characteristics

Mean (SD) age (years) 67 (±11)

Male/female 5/20

Symptoms (n) 9

Previous neck surgery (n) 15

Mean (SD) preoperative serum PTH (pg/ml) 158 (±93)

Mean (SD) preoperative serum calcium (mmol/l) 2.9 (±0.4)

Table 2 Fifteen patients had a history of previous surgery

Previous surgery Number

Thyroidectomy 2

Subtotal thyroidectomya 2

Failed exploration for pHPT 8

Thyroid lobectomy performed 3

Missed adenoma or hyperplastic parathyroid tissue 3

Removal of pathological parathyroid tissue without cure 2

Recurrence of pHPT after successful parathyroidectomy 3

aOne case of postoperative persistent nerve palsy
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Significance was accepted for p<0.05. Statistical analysis was
performed using a commercially available program (Prism
5®; GraphPad Software Inc., La Jolla, USA).

Results

Preoperative CT scan showed a suspicious lesion in 14 cases
(six by thin-slice CT and eight by 4D CT). A true-positive
localization was intraoperatively confirmed in 13 patients
(positive predictive value 93 %). In one case, the preoperative
thin-slice CTscan showed a false-positive result. We observed
a higher sensitivity of preoperative CT in the case of reopera-
tion. Among 15 patients with previous history of neck surgery,
10 patients showed a positive localization by the CT scan
(67 %). In the case of primary surgery (10 patients), the sen-
sitivity was 30 %. Nevertheless, the difference was not statis-
tically significant (p=0.1).

The overall cure rate after surgery was 96 % (24/25 pa-
tients). Twenty-one patients were cured at primary explora-
tion. Three patients were cured after reoperation and removal
of a mediastinal adenoma (two cases) or extensive resection of
a parathyroid carcinoma. The mediastinal adenomas were lo-
calized by intraoperative selective venous sampling for PTH
in one case and by re-evaluation by means of 11C-methionine
positron emission tomography (PET) scan and repeated CT in
the other one. One patient with persistent disease and histo-
logically proven parathyroid carcinoma underwent re-
exploration and en bloc resection of the ipsilateral thyroid lobe
including the lymph nodes of the central compartment.
Postoperative PTH dropped to 24 pg/ml. The patient died
3 years after surgery due to pneumonia. The PTH level at this
time was 1360 pg/ml, and the recurrent disease was medically
controlled with calcimimetics. One patient still suffers from
persistent pHPT. An extensive re-evaluation including 11C-

methionine positron emission tomography scan of the neck
and mediastinum failed to identify any site of positive uptake.

A bilateral exploration was performed in 13 patients
(52 %). This was started with the video-assisted technique
(MIVAP) in eight patients. A conversion to standard
cervicotomy was necessary in four cases. A focused unilateral
parathyroidectomy was performed in 12 patients, including 11
with positive preoperative CT scan and 1 case guided by
ioPTH measuring. In the suspected multiglandular disease,
we performed a four-gland exploration irrespective of CT
findings. Therefore, bilateral exploration was performed in
11 patients with negative CT scan and in 2 patients with pos-
itive CT scan. Simultaneously, two hemithyroidectomies and
two thyroidectomies were carried out (three cases of
multinodular goitre and one case of suspected intrathyroidal
parathyroid gland).

The mean operating time was 87±81 min (range 20–
240 min). We found an ectopic localization in five patients
(three mediastinal, one intrathyroidal and one laterocervical).
Histology showed solitary adenomas in 19 patients and
multiglandular disease in 6 patients (two parathyroidectomies
following earlier removal of one adenoma, three subtotal para-
thyroidectomies and one case of hyperplasia of two glands).
The mean diameter of the resected gland was 14.2±6 mm
(range 7–30 mm). There was no significant difference be-
tween the CT-positive group (mean size 14.7±7 mm) and
the CT-negative group (mean size 13.5±4 mm) (p=0.36).

Postoperative complications included one case of transient
nerve palsy in a patient with a known non-recurrent inferior
laryngeal nerve at third exploration. The laryngoscopy per-
formed 1 year later prior to the fourth surgery (thoracoscopy
for mediastinal adenoma) showed normal motility of the vocal
cords. Three patients required calcium and vitamin D substi-
tution for transitory hypoparathyroidism. After a mean follow-
up of 19.5 months, we observed one case of recurrent disease
2 years after surgery (Table 3).

25 s

50 s

0 s

80 s

Fig. 1 Four-dimensional CT
showing a left inferior parathyroid
gland. The protocol includes one
pre-contrast phase and three
post-contrast phases (at 25, 50
and 80 s) illustrating the rapid
uptake and washout of the
enlarged gland
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Discussion

Negative localization in patients with primary hyperparathy-
roidism entails a negative selection of patients with a high rate
of unsuccessful explorations and an increased risk for persis-
tent pHPT [8]. In theMayo experience, operation was curative
in 90.4 % with a negative sestamibi scan compared to a
97.5 % cure rate with localization (p<0.001). Moreover, a
negative scan entailed a higher rate of multiglandular resection
(32 vs. 13 %, p<0.001) [9]. This represents even a risk for
postoperative hypoparathyroidism [10].

Therefore, the use of ioPTH should be recommended in
negative or discordant imaging in order to decrease the risk
of persistent disease and hypocalcaemia. The data of the
Scandinavian Quality Register for Thyroid and Parathyroid
Surgery support this strategy. Patients who underwent surgery
with ioPTHmeasurement had a lower risk for persistent pHPT
than patients without ioPTH (7/79 (9 %) vs. 23/85 patients
(27 %), respectively, p=0.003) [10].

Apart from patients with unclear localization, reoperation
for persistent/recurrent disease represents a considerable chal-
lenge. For experienced parathyroid surgeons, the success rate
of reoperations can be as high as 95 % [4]. Nevertheless, a
higher rate of complications should be taken into account.
Karakas et al. reported a recurrent laryngeal nerve palsy rate
of 9 % and an incidence of permanent hypoparathyroidism
ranging between 6 and 9 % [11]. To minimize the extent of
exploration and potential complications, a clear localization
should be available before reoperation [4].

In the setting of failure of standard imaging procedures,
there is a need for additional diagnostic tools to localize para-
thyroid adenomas preoperatively. Apart from ultrasound and
planar or 3D scintigraphy, there is a variety of diagnostic stud-
ies to choose from, including regular MRI or CT, 4D CT, CT-
methoxyisobutylisonitrile (MIBI) image fusion, PET/CT in
combination with 11C-methionine and invasive selective ve-
nous sampling [12, 13].

Novel localization techniques, such as CT-MIBI image fu-
sion, 4D CT or Met-PET/CT, evolved in the last decade and
yielded the most precise information for localizing parathy-
roid adenomas. Recently, 11C-methionine positron emission
tomography has been reported to detect parathyroid adenomas
with a sensitivity of 91% even in the presence of multinodular
goitre or after previous neck surgery [13]. However, its appli-
cability is reduced due to relatively high costs and restricted
availability (needing an on-site cyclotron to produce the short-
lived tracer 11C-methionine). For all localization studies, ef-
ficiency is reduced in the presence of multiglandular disease
[13, 14].

Four-dimensional CT associates both functional informa-
tion—based on changes in perfusion—and anatomic detail in
a single study [5]. The sensitivity of 4D CT has been shown to
be superior (92 %) compared with sestamibi scintigraphy
(70 %). In a sestamibi-negative subgroup, the BNE was
avoided in 62 % due to localization in 4D CT. In the
reoperative subgroup, there was no need for BNE at all [7].
In a different study of 45 patients who had undergone previous
neck exploration, the 4D CT had 88 % sensitivity for abnor-
mal parathyroid glands compared to sestamibi-SPECT (54 %)
or neck ultrasound (21 %) [15]. Hunter et al. showed that 4D
CT accurately lateralized the abnormal gland in 93.7 %. Due
to the superior accuracy compared with ultrasound and
sestamibi scanning, the authors proposed that 4D CT may be
sufficient to be used as the sole presurgical localization
method [6].

In the present study, we present our experience with
preoperative CT in a negative selection of a patient
collective with failed localization, including seven per-
sistent and four recurrent pHPT as well as four re-
explorations after thyroid surgery. The overall cure rate
was 96 % (including three reoperations). As negative or
discordant imaging selects a patient collective with an
increased risk of multiglandular disease [14], we ob-
served a rate of 24 % (six of 25 patients) in the present
series. The overall sensitivity of CT scan was 54 %,
with no significant difference between the thin-slice
CT and the 4D CT. After previous neck surgery, 10/15
patients (67 %) compared to 3/10 patients (30 %) of
surgically naive cases could be correctly localized using
the preoperative CT scan. Our results support the find-
ings of Mortenson et al. who reported a sensitivity of
88 % for 4D CT [15]. In their study, the 4D CT sig-
nificantly more often correctly localized and lateralized
hyperfunctional parathyroid tissue than sestamibi did.
Four-dimensional CT successfully localized hyperfunctional
parathyroid tissue in 18 (82 %) of 22 cases after previous neck
surgery for non-HPT conditions, 10 (91 %) of 11 cases after
previously unsuccessful neck exploration for HPT and 8
(67 %) of 12 cases who had a previous neck exploration with
resection of at least one hypercellular parathyroid.

Table 3 Perioperative and follow-up data of the patients (mean follow-
up 19.5 months)

Patient characteristics

Symptoms (n) 1

Mean (SD) postoperative serum PTH (pg/ml) 39 (±46)

Mean (SD) postoperative serum calcium (mmol/l) 2.4 (±0.2)

Mean (SD) serum calcium after at least 6 months
of follow-up (mmol/l)

2.35 (±0.2)

Recurrence (n)a 1

Death (n)a 3

a One patient with a parathyroid carcinoma experienced a recurrent dis-
ease 2 years after surgery and died 1 year later; two other patients died
during the follow-up for reasons not related to the pHPT
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All in all, a bilateral exploration could be avoided in
10 out of 13 patients with positive CT. The advantage
of a limited exploration is mainly represented by the
lower incidence of postoperative hypoparathyroidism.
In the present series, we observed one case of postop-
erative hypoparathyroidism after focused parathyroidec-
tomy and previous thyroidectomy compared to two
cases after bilateral exploration. The main limitation of
the CT scan was the inability to detect multiglandular
disease (three patients with resection of more than one
gland in our series). Our results are therefore in contrast
with the experience reported by Brown et al. from
Sidney [7]. In fact, in their series of 99 patients, six
of eight cases with multiple adenomas were identified
preoperatively by 4D CT. All six cases with preopera-
tively localized multiple adenoma were cured, whereas
one of the two without preoperative diagnosis had persis-
tent hyperparathyroidism. Four-dimensional CT showed a
sensitivity of 75 % and a positive predictive value (PPV) of
50%, compared with sestamibi with a sensitivity of 7.7 % and
a PPVof 100 %. The authors related the observed high false-
positive rate to the exquisite detail in image acquisition, there-
fore over-diagnosing normal parathyroid glands as adenomas.
Also, Rodgers and colleagues reported a correct prediction of
multigland disease in five (45 %) out of 11 patients [5]. In
three of these patients, the 4D CTcorrectly identified all of the
diseased glands. In contrast, ultrasonography recognized no
enlarged parathyroid gland in these patients (0 %), whereas
sestamibi predicted the involvement of one gland in a single
patient (9 %).

The second limitation of the CT scan was the inability to
detect two cases of mediastinal parathyroid glands. In both
cases, the preoperative thin-slice CT scan was not able to
identify the enlarged gland located in the anterior mediasti-
num. Four-dimensional CT could have a higher detection rate
due to the different dynamics of the iodinated contrast of para-
thyroid tissue compared to enlarged lymph nodes.

According to these limitations, 4D CT should be used ju-
diciously in young pHPT patients as it imparts a significantly
higher thyroid radiation dose than Sestamibi scintigraphy with
a calculated risk of 4D CT-related thyroid cancer developing,
calculated for a 20-year-old woman, of 1040/million (about
0.1 %) [16].

In conclusion, the CT scan identified more than half
of abnormal parathyroid glands missed by conventional
imaging. The sensitivity of thin-slice CT and 4D CT did
not differ significantly. Both failed in detecting amultiglandular
disease. BNE remains necessary if there are multiple candidate
lesions or failed localization. We suggest a routine use of a
preoperative CT scan in challenging cases with negative/
unclear sestamibi and ultrasound prior to reoperation.
The superiority of 4D CT should be demonstrated in larger
comparative studies.
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