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Abstract
Objective: Surgical treatment for primary hyperparathyroidism (pHPT) has undergone a major paradigm shift during the last

decades from bilateral cervicotomy with four-gland neck exploration to image-guided focused approaches. The primary

objective of the present study was to compare the performances of parathyroid scintigraphy (PS), parathyroid

ultrasonography (US), and the combination of both procedures for guiding a focused approach on the basis of modified

interpretation criteria.

Methods: Data from 199 patients operated for apparent sporadic pHPT and evaluated with US and PS using dual-isotope
123I/99mTc-sestamibi planar pinhole and single-photon emission computed tomography (SPECT) acqusitions were evaluated.

Results: A total of 127 patients underwent a focused approach and the remainder had bilateral cervicotomy. In 42 cases,

a focused approach was not performed due to the absence of concordant results between US and PS for a single-gland

abnormality. Four patients had persistent disease and three had recurrent disease. A localizing preoperative PS had a

sensitivity of 93.3%, positive predictive value of 85.8%, negative predictive value of 73.0%, and accuracy of 83.4% for

predicting uniglandular disease. Additional SPECT images accurately localize posterior adenomas that are often missed by

US. Compared with PS, US had a lower sensitivity (P!0.01). Our imaging protocol also enabled diagnosis of multiglandular

disease in 60.6%.

Conclusions: PS using a highly sensitive dual-tracer subtraction method is the most accurate technique for directing a

focused approach. PS could be sufficient for directing a focused approach in the presence of a negative US in two major

circumstances: posterior locations due to acquired ectopia that could be missed by US, and previous history of thyroidectomy

due to interpretation difficulties.
European Journal of

Endocrinology

(2015) 172, 519–526
Introduction
For many years, bilateral cervical exploration with

identification of four glands remained the gold standard

in parathyroid surgery, and routine preoperative imaging

for initial surgery was considered unnecessary and not

cost-effective. In 1986, John L Doppman stated ‘In my

opinion, the only localizing study indicated in a patient

with untreated primary hyperparathyroidism (pHPT) is to
localize an experienced parathyroid surgeon’. At the

same period, some surgeons had developed unilateral

parathyroidectomy due to the high frequency of single

adenomas (1). The improved performance of radiological

and functional investigations has enabled the develop-

ment of image-guided focused approaches. Bilateral

parathyroid exploration is no longer the only option for
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all patients with pHPT and those with a solitary adenoma

on imaging studies can be also candidates for focused

approaches.

Parathyroid ultrasonography (US) and scintigraphy

(PS) are the imaging modalities most commonly used for

selecting candidates for a focused approach. Most insti-

tutions use US or PS, either alone or more often both in

combination.

Abnormal parathyroid glands are hypoechogenic

ovoid structures, whereas normal parathyroid glands

are usually invisible on US. US has several advantages

over PS: it is inexpensive, widely available, and does not

require exposure to ionizing radiation. US also provides

information on the thyroid gland. Moreover, US can be

performed by surgeons who are aware of the anatomic

variants (2, 3). This approach might also help to tailor

the incision according to the location of the abnormal

glands. However, the quality of US is largely dependent on

the radiologist’s experience and patient’s body habitus.

Major ectopia (mostly mediastinal) or posterior gland can

also be missed by US.

PS has several advantages over US: it can detect major

parathyroid ectopia, enables fusion with computed

tomography (CT) images, and is more specific. PS might

be falsely positive in thyroid nodules, but this drawback

can be partly circumvented by subtraction methods (4).

In recent decades, several protocols of parathyroid
99mTc-sestamibi scintigraphy have been evaluated for

parathyroid imaging including single-tracer and dual-

tracer methods and various acquisition techniques (i.e.,

planar acquisitions with parallel-hole or pinhole colli-

mators and SPECT or SPECT/CT) (5). For dual-isotope

imaging, the use of 123I as a thyroid tracer compared with
99mTcO4

K enables simultaneous acquisition of thyroid and

parathyroid images by using a dual-energy window set-up,

as first proposed by Hindie et al. (6).

Head-to-head comparison of different protocols has

rarely been addressed but dual-tracer methods provide the

highest sensitivity (7, 8, 9, 10, 11). The use of a pinhole

collimator provides a higher sensitivity compared with

parallel holes. The combination of a dual-tracer method

using 123I/99mTc-sestamibi and pinhole acquisition is

currently the most sensitive protocol for parathyroid

imaging (4, 7, 11, 12). Additional SPECT and SPECT/CT

acquisitions enable localization of the detected adenomas

in all 3D. This provides critical information for choosing

the most suitable surgical access to limit surgical explora-

tion and avoid recurrent laryngeal nerve injury (13, 14).

The reported accuracy of PS and US does not represent

the true efficacy of these techniques for directing focused
www.eje-online.org
parathyroidectomy, because reported accuracy is usually

performed on the basis of head-to-head comparison

between imaging findings and abnormal glands (15).

The primary objective of this study was to compare the

performances of neck US, PS and the combination of

both procedures for guiding a focused approach. To this

end, the efficacy of imaging studies was based on modified

interpretation criteria to determine specifically whether

they could influence the surgeon’s choice of a focused

vs a conventional approach to parathyroidectomy. For

example, a study showing only a single parathyroid lesion

in a patient with double hyperfunctioning adenomas

has been interpreted as false-positive (FP) result because

it should lead to an inappropriate focused surgical

approach with a possible subsequent surgical conversion.

By contrast, a negative study in the presence of multi-

glandular disease (MGD) should lead to appropriate

bilateral open-surgery and should be interpreted as a

true-negative (TN) study for single-gland disease.
Patients and methods

Between April 2011 and April 2013, 445 patients with

biochemical evidence of apparently sporadic pHPT

(absence of another endocrine tumor, negative family

history) underwent parathyroidectomy at the Department

of Endocrine Surgery of La Timone University Hospital.

Preoperative imaging included neck ultrasonography (US)

and PS. From April 2012 to the study conclusion, patients

who presented with imaging investigations performed

at another institution systematically had preoperative

imaging repeated in our institution. Only those who were

evaluated by US and dual-isotope (123I/99mTc-sestamibi)

PS protocol in our institution were included. Thus,

199 patients treated surgically constitute our study

population.

According to the results of the preoperative imaging

workup, patients underwent surgery via a focused

approach in case of positive imaging findings suggestive

of single-gland disease (most often on both US and

PS) and absence of thyroid disease that warranted a

transverse cervicotomy approach. A focused approach

included both mini-invasive cervicotomy (anterior para-

thyroid) and lateral endoscopic approach (posterior

parathyroid). In patients who underwent a focused

approach, intraoperative parathyroid hormone (IOPTH)

values after excision were used as a guide for when to

stop surgery (50% or more drop and normalization of

parathyroid hormone (PTH) level) or convert to bilateral

exploration. All patients had fasting calcium and PTH

www.eje-online.org
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levels measured on day one by spectrophotometry using

the chromophore NM-BAPTA for calcium and with

an electrochemiluminescence immunoassay for intact

PTH (ECLIA, Roche-Diagnostics, Mannheim, Germany).

Medium-term follow-up data were available for 141

patients with calcium and PTH levels assessed at least

6 months after surgery.

In keeping with Local Institutional Guidelines, all

patients gave informed consent for the use of anonymous

personal data extracted from their medical records for

scientific or epidemiological purposes.
Neck US

Neck ultrasound scanning (neck US) was performed in

all patients. Neck US was performed with the neck in

extension, by a single radiologist with 30-years experience

(J V) using a Philips IU22 with a 12-MHz linear transducer.

The area examined by neck US extended from the angle

of the mandible to the superior part of the anterior

mediastinum (examined by inclining the transducer

toward the retrosternal region).
Parathyroid scintigraphy

All patients underwent dual-isotope (123I/99mTc-sestamibi)

static planar pinhole imaging (pinhole collimators)

followed by 99mTc-sestamibi SPECT (parallel-hole

collimators) on the same day. The same camera (Siemens

ECAM, Siemens Medical Systems, Erlangen, Germany) was

used for both image acquisitions. The steps of the protocol

were as follows. First, the patients received 12 MBq of 123I.

Two hours later, 740 MBq of 99mTc-sestamibi was injected.

Pinhole acquisition was started 3 min after 99mTc-ses-

tamibi injection; static anterior cervical views were

obtained for 20 min with two photopeaks of 7% energy

windows, centered, respectively, over the 140 keV (99mTc)

and 164 keV (123I) photopeaks (128!128 matrix, zoom

of 2.67). Interactive software was used for image norma-

lization and subtraction. The tomographic study was

then started with parallel-hole collimators (at 30–45 min

after sestamibi injection), with the following parameters:

128!128 matrix, zoom of 1.45, 45 s per projection at

each of 32 angular steps, and sampling of a 3608 orbit.

The photopeak was centered over 140 keV only, and

iterative reconstruction was performed with a Gaussian

filter (full width at half maximum, 10 mm). The neck

and the mediastinum (from the angle of the mandible to

the heart) were included in the field of view.
Image interpretation

On neck US images, a positive finding was defined by

an ovoid homogeneous hypoechogenic gland, with peri-

pheral vascularization.

On planar pinhole images, a positive finding was

defined as residual 99mTc activity after normalization and

subtraction. On SPECT, a positive finding was defined as

an extrathyroidal focal uptake (posterior or inferior to

the thyroid lobe, mediastinal). The lesions were classified

as superior (P4 derived) if they were posterior and

located within the superior two-thirds of the thyroid

lobe. They were classified as P3 if they were anterior and

developed at the tip of the inferior pole of the thyroid

lobe or along the thyrothymic tract. Other locations

included adenomas that were described as anterior or

posterior (14).
Disease status

Cure was defined irrespective of surgical strategy by

normalization of serum calcium at least 6 months after

parathyroidectomy. In the absence of follow-up data,

patients were classified on the basis of their latest follow-

up for serum calcium assessment.

Uniglandular disease (UGD) was defined when only

a single abnormal gland was removed and the patient

was cured. When more than one gland was involved

histologically (adenoma or hyperplasia), the patient was

considered to have MGD, including cases with multiple

adenomas and multiple gland parathyroid hyperplasia.

Patients not cured after excision of a single lesion were

also considered to have MGD.
Statistical analyses

The efficacy of imaging studies was based on modified

interpretation criteria to determine specifically whether

they could adequately guide the surgeon’s choice of a

neck-focused approach vs a conventional approach to

parathyroidectomy. We wanted to be clinically realistic,

because when performing a focused approach, the

priority of the surgeon is to know that the procedure

will be curative. In the case of a single abnormality,

concordance was defined as strictly the same localization

on US, PS, and surgical findings. By contrast, a negative

study in the presence of MGD should lead to appropriate

bilateral open-surgery and should be interpretated as a

TN study for single-gland disease.
www.eje-online.org
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According to the results of neck US and PS and of our

criteria for disease status, all patients were classified as

follows:

True-positive (TP) result: a single cervical abnormality

on US or PS or both (concordant abnormality)* and a

single concordant UGD.

FP result: a single cervical abnormality on US or PS or

both* and MGD or UGD found in a different location.

TN result: absence or two or more abnormalities on

US or PS and MGD or major ectopia; or absence of

concordance for a cervical single abnormality on USC

PS* and MGD or major ectopia.

False-negative (FN) result: absence or two or more

abnormalities on US or PS and UGD in the neck; or

absence of concordance for a cervical single abnor-

mality on USCPS* and UGD in the neck.

According to our criteria, positive predictive value

(PPV) was the probability that the imaging investigation

correctly predicted UGD and the negative predictive value

(NPV) was the probability that the imaging investigation

correctly excluded UGD.

These results were used to calculate the conventional

screening assessment and their CIs are calculated: sensi-

tivity (Se), PPV, NPV, and accuracy (Acc) of US, PS, and the

combination of both. Specificity was not calculated

because the analysis was not performed at a lesion-level.

Between-group comparisons were performed using c2

or Fisher’s exact test for qualitative variables and Student’s

t-test or Mann–Whitney U test for continuous charac-

teristics (expressed as meanGS.D. or median with inter-

quartile range (IQR) if appropriate). The extended

McNemar test was used to compare sensitivities of the

different imaging modalities.

The P values of w0.05 were taken to be statistically

significant. All statistical analyses were performed using

SPSS 17.0 Software.
Table 1 Reasons for not performing focused approach in

patients with neck abnormalities.

Cause

No. of

patients

Percentage of total

conventional

operations

Thyroid resectiona 23 31.9
Cervical reoperations

(not for HPT)
3 4.2

Other reasons 2 2.7
Localization problems 43 59.8
Conversion 1 1.4
Total 72 100

aAll patients with UGD.
Results

Patients and parathyroid disease

In the study, 163 of the 199 patients were female. The

median age was 64 years (IQRZ54–73 years). Preoperative

median serum calcium and PTH levels were 2.68 mmol/l

(IQRZ2.62–2.78) and 12.7 pmol/l (IQRZ9.7–17.2)

respectively. A total of 163 UGD (162 in the neck and

one major ectopia in the aorto–pulmonary window) and

36 MGD were observed. No significant difference in

median age (PZ0.07), preoperative serum calcium
www.eje-online.org
(PZ0.2) or PTH (PZ0.51) was observed in patients with

UGD compared with those with MGD.

Disease status was defined on the basis of extended

follow-up data in 141 cases (O6 months) and earlier

post-operative evaluations in the remaining 58 patients.

The median follow-up was 12 months IQRZ8 days–17

months).

A total of 192 achieved remission criteria. Seven

patients were classified as persistent/recurrent pHPT: one

patient underwent conversion based on a failure of IOPTH

drop-off and had a MGD, one was not converted to a

bilateral exploration despite failure of IOPTH drop-off due

to the presence of a recurrent laryngeal nerve injury. The

remaining five patients (two persistent/three recurrent)

had a 50% decrease in IOPTH and normalization of PTH

and had a serum calcium above the URL but below

2.60 mmol/l after 6-month follow-up.
Imaging findings and surgical approaches

US localized 194 parathyroid imaging abnormalities

and PS localized 210 parathyroid imaging abnormalities.

A single abnormality was found in 157 patients with neck

US and in 162 patients with PS. In 124 cases, US and PS

showed a single cervical abnormality. In 114 cases, US

and PS found a concordant single-cervical abnormality,

six had nonconcordant single-cervical abnormality (same

side but not the same gland). More than one abnormality

was found on US and PS in 18 and 23 patients respectively.

No abnormalities were found by US in 24 patients

(including the patient with major ectopia) and by PS in

13 patients. In five cases, both US and PS were negative.

A total of 127 patients who underwent a focused

approach had a single concordant abnormality on US

and PS in 112 cases, a single positive finding on PS in 13

cases and a single abnormality on US in the latter case.

www.eje-online.org


Table 2 Performances of US, PS, and USCPS for predicting UGD.

TP FP TN FN Se (95% CIs) PPV (95% CIs) NPV (95% CIs) Accuracy (95% CIs)

US (nZ199) 124 34 18 23 84.5 (77.6–89.3) 78.5 (71.4–84.2) 43.9 (29.9–58.9) 71.4 (64.7–77.2)
PS 139 23 27 10 93.3 (88.1–96.3) 85.8 (79.6–90.4) 73.0 (57.0–84.6) 83.4 (77.6–87.9)
PSCUS 112 12 28 45 71.3 (63.8–77.8) 90.3 (83.8–94.4) 38.4 (28.1–49.8) 71.1 (64.4–76.9)
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One patient underwent video thoracoscopy for resection

of an adenoma located in the aorto–pulmonary window

and accurately detected by PS.

The remaining 72 patients underwent bilateral cervi-

cotomy. The reasons for not performing focused approach

are described in Table 1. In 43 cases, focused approach

was not performed due to the absence of concordant

results for a single-gland abnormality. Thirty patients had

concomitant thyroidectomy. In 23 cases, bilateral cervi-

cotomy was performed because of concomitant total

thyroidectomy. The remaining seven cases had a thyroid

lobectomy without exploration of the contralateral side

and were therefore considered as focused approaches.
Figure 1

Planar pinhole (A: 99mTc-sestamibi, B: 123I, C: subtraction images)

and SPECT images (D) of parathyroid adenomas. Typical small
Comparison between PS, US, and PSCUS

A localizing preoperative PS had a sensitivity of 93.3%

(95% CI: 88.1–96.3), PPV of 85.8% (95% CI: 79.6–90.4),

and NPV of 73.0% (95% CI: 57.0–84.6) for directing

a focused approach (Table 2). Compared with PS, US had

an 8.9% lower sensitivity (P!0.01) (negative US in 19

cases with UGD and multiple abnormalities in four cases

with UGD). In 16/19 cases, US was negative but PS found

a single abnormality in the neck concordant with surgical

findings: 13/16 were posterior glands and 3/16 were

anterior glands on SPECT images. In 2/19 cases, patients

had a previous history of thyroidectomy. Examples of FN

results of US are illustrated in Figs 1 and 2. The last patient

was operated via a thoracoscopy approach.

In patients with MGD (nZ36), 12 had more than one

abnormality on PS and US and two had both negative

imaging. A single abnormality was found by US and PS

respectively in 18 and ten cases. In 5/6 cases, both US

and PS were concordant on one abnormality. 4/5 were

considered uncured at the end of the study. The remaining

cases had discordant imaging finding (Table 3).

Statistically, the association of USCPS had higher PPV

incomparisonwithUS alone but not with PS alone (Table2).
adenoma located in the inner part of the right thyroid lobe

above the isthmus (arrows). Taken together with the posterior

extension of the adenoma on SPECT images, this feature is

highly suggestive of P4 origin (arrows). The lesion was missed by

US. Final diagnosis: right P4 adenoma.
Discussion

Surgical treatment for pHPT has undergone a major

paradigm shift during the last decades. It has shifted
from the BC with four-gland neck exploration to a focused

approach. In this study, 64% of patients have benefited

from a focused approach (including a video thoracoscopy

in one case). It is remarkable that the absence of

concordance between both studies was the main reason

for not performing a focused approach. The present study

shows that PS using 123I/99mTc-sestamibi pinhole planar

method and SPECT appears to be the most accurate

strategy for directing a focused approach. One of the

originalities of the study was to use modified interpre-

tation criteria for PS and US in order to determine

specifically whether they could influence the surgeon’s
www.eje-online.org
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Figure 2

Planar pinhole (A: 99mTc-sestamibi, B: 123I, C: subtraction images)

and SPECT images (D) of parathyroid adenomas. Typical

adenoma located in the inner part of the inferior pole of the

left thyroid lobe (arrows). The posterior extension of the

adenoma on SPECT images is highly suggestive of P4 origin

(arrows). The lesion was missed by US. Final diagnosis:

right P4 adenoma.

Table 3 Imaging findings in patients with MGD (nZ36).

PS

1 image O1 0

US
1 image 6a 8 4
O1 1 12 0
0 3b 0 2

aFour uncured.
bTwo uncured.
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choice of a focused vs a conventional approach to

parathyroidectomy.

PS and US are the preferred approaches reported by

endocrine surgeons in the US for selecting candidates for

a focused approach (16). Recently, Kunstman et al. (17)

have suggested that a single-positive or suggestive

imaging modality (PS or US) may be a sufficient indication

for focused approaches. Our results show that dual-

radiopharmaceutical 123I/99mTc-sestamibi subtraction

pinhole imaging followed by SPECT acquisition is

more accurate than US for directing a focused approach

(4, 7, 11, 12). Our protocol avoids motion artifacts because

it is based on a simultaneous acquisition of the two

photopeaks (4, 6, 8, 18). However, our protocol requires

long acquisition times (20 min for pinhole acquisition)

to improve its sensitivity, but does not require delayed

images as those for dual-phase protocols. Our protocol is

also more expensive due to the cost of 123I. A preoperative
www.eje-online.org
PS and US that localized a single parathyroid adenoma

had a PPV of 85.8 and 78.5% respectively. The use of

concordant imaging findings as a rule for directing

a focused approach has a high PPV (90.3%) (95% CI:

83.8–94.4) but reduces the number of patients eligible for

this approach. However, we found 23 FP results for PS,

including MGD (11/23) and a single-gland disease with

discordant location (12/23) (anterior vs posterior).

As in previous series, adenomas missed by US were

predominantly posterior in our study (19). Thus, we

agree that additional SPECT images are required for

visualizing these adenomas in all 3D. This information is

also important for choosing the most suitable surgical

access such as, for example, a central mini-open approach

for anterior lesions or a lateral endoscopic approach for

posterior adenomas. With the improvement of PS pro-

tocols, it is also possible to accurately detect adenomas

in patients with a previous history of thyroidectomy

that could be missed by US (often misdiagnosed as

thyroid remnants).

In our opinion, discordant findings between US/PS

still require a four-gland identification approach in order

to limit the rate of persistent disease. However, PS could be

sufficient for directing a focused approach in cases where

the US is negative due to posterior or ectopic location of

the parathyroid adenoma, or in cases of interpretation

difficulty due to previous thyroidectomy.

In cases with concordant imaging findings, US

provides additional anatomic information on the

thyroid gland (volume, nodules) and parathyroid tumors

(volume, shape) that could potentially influence surgical

approach. A total of seven patients had persistent (nZ4)

or recurrent pHPT (nZ3). IOPTH failed to predict

persistent/recurrent disease in 5/7 cases. However, diag-

nosis of recurrence remains questionable because serum

calcium levels were slightly above the normal range but

remained !2.60 mmol/l.

In our series, the incidence of MGD was 18%,

which was within the range of 3–24% reported in the

www.eje-online.org
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literature (20). The rate of MGD in cases of negative PS has

been reported as w25% (21, 22, 23). Therefore, negative

localization with sestamibi infers a highly selected patient

population with small parathyroid adenomas and/or

MGD. It has been shown that the cure rate was lower in

this subgroup of patients (21, 22). It is currently accepted

that besides some cellular-molecular specificities, one

possible explanation for decreased detection of MGD

(often hyperplasic) is related to their smaller volume

compared with adenomas. In our series, the rate of MGD

in cases of negative PS was 6/13 (46.2%). Our imaging

protocol enabled the visualization of multiple foci in

20/33 cases of MGD (60.6%). Taken together, the NPV of

PS for UGD was 73%, which is higher than US alone and

the combination of US and PS. Our data are in agreement

with early series that have found high sensitivity of dual-

isotope scintigraphy with pinhole imaging in detection

of MGD defined on the basis of parathyroid four-gland

identification (18, 24). Head-to-head comparison between
123I/99mTc-sestamibi PS and the recently introduced
18F-fluorocholine PET/CT in a large series of pHPT,

including medico-economic aspects, will be of particular

interest (25, 26).

In conclusion, 123I/99mTc-sestamibi using a pinhole

collimator is a reliable method for selecting the optimal

candidates for a focused approach, and may be sufficient

when US is negative in the presence of posterior

adenomas, major ectopia or in cases of previous cervical

surgery. This method also facilitates the detection of

MGD in the majority of cases.
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