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Abstract
The aim of this article is to explore the value of ultrasonic diagnosis and localization of intrathyroid parathyroid diseases.
The medical records of 15 patients with surgically confirmed intrathyroid parathyroid diseases were reviewed. We analyzed the

diagnosis process and recorded sonographic features of these intrathyroid parathyroid lesions.
The patients included 11 females (73%, 11/15) and 4 males (27%, 4/15) with a mean age of 46.2±10.2 years and a mean lesion

size of 2.1±1.1cm. A total of 11 intrathyroid parathyroid lesions in this study presented as hypoechoic (73.3%, 11/15). Nine lesions
were located in the right lobe of the thyroid (60%, 9/15), and most of the lesions were located in the middle and inferior thyroid (80%,
12/15). All of the 15 intrathyroid parathyroid lesions were variable in shape and well defined. Only 1 lesion showed microcalcification,
which was confirmed as parathyroid adenocarcinoma by the postoperative pathological diagnosis. The blood supply of 13 lesions
was plentiful (86.7%, 13/15). A hyperechoic line on the parathyroid lesion was detected in 13 lesions (86.7%, 13/15). Based on the
degree to which the parathyroid gland was embedded in the thyroid gland, 12 cases were classified as the complete type (80%, 12/
15), and 3 cases were classified as the incomplete type (20%, 3/15). Ultrasound was used to diagnose 10 cases, and sestamibi-
SPECT was used to diagnose 11 cases preoperatively; the 2 imaging methods were complementary.
Ultrasonic preoperative localization could be helpful in the diagnosis and management of intrathyroid parathyroid diseases.

Abbreviations: CT= computed tomography, sestamibi-SPECT = Tc-99m sestamibi -scintigraphy with single photon emission
computed tomography.
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emission computed tomography (sestamibi-SPECT) has a high
1. Introduction

Hyperparathyroidism exhibits a low incidence, approximately
0.1% to 0.4%.[1] However, hyperparathyroidism caused by
intrathyroid parathyroid lesions is rare, with an incidence of 1%
to 3.4%[2–4] among patients suffering from hyperparathyroid-
ism[5–7] such as renal osteodystrophy and renal calculus.[8]

Accurate diagnosis and preoperative localization of intrathyroid
parathyroid lesions is important because surgically removing the
focal lesions can be an effective method to cure hyperparathy-
roidism.[9] Tc-99m sestamibi-scintigraphy with single photon
Editor: Michael Masoomi.

TY and XH contributed equally to this manuscript and considered as co-first
authors.

The authors have no conflicts of interest to disclose.
a Department of Ultrasound, b Department of General Surgery, c Department of
Nuclear Medicine, Peking Union Medical College Hospital, Chinese Academy of
Medical Sciences and Peking Union Medical College, Beijing, China.
∗
Correspondence: Yu Xia and Yuxin Jiang, Department of Ultrasound,Peking

Union Medical College Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, 1.Shuaifuyuan, Dongcheng, Beijing 100730, China
(e-mails: yuxiapumch@aliyun.com, yxjpumch@163.com).

Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution, commercial
and non-commercial, as long as it is passed along unchanged and in whole, with
credit to the author.

Medicine (2018) 97:23(e10999)

Received: 21 November 2017 / Accepted: 12 May 2018

http://dx.doi.org/10.1097/MD.0000000000010999

1

sensitivity for the diagnosis of intrathyroid parathyroid lesions,
and it is themain lesion localizationmethod.However, sestamibi-
SPECT does not have satisfactory specificity, and its ability to
identify sectional anatomy is not ideal. Ultrasound can be used as
a first-line tool for the diagnosis and location of parathyroid
lesions because it has the advantages of being economical,
functioning in real time, and radiationless and can distinguish
anatomical structures in cervical sections very well. However, the
differential diagnosis between rare intrathyroid parathyroid
lesions and common thyroid nodules can be difficult. Therefore,
the purpose of this study was to evaluate the usefulness
of preoperative ultrasonographic localization for diagnosis of
lesions, to summarize the ultrasonographic characteristics of
intrathyroid parathyroid lesions, and to provide a reference for
the diagnosis and treatment of intrathyroid parathyroid lesions.
2. Patients and methods

2.1. Study patients

Between November 2003 and November 2013, 1060 patients
underwent a parathyroidectomy due to hyperparathyroidism in
our hospital. Clinical, pathologic, and imaging findings were
retrospectively reviewed in this study. Of the total participants,
45 patients were diagnosed with ectopic parathyroid disease
(4.25%, 45/1060), and 15 patients were diagnosed with
intrathyroid parathyroid disease (1.4%, 15/1060). Among the
15 patients, 4 patients presented with a cervical mass, 1 presented
with a prolactinoma, 2 presented with a parathyroid mass
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Figure 1. The long-axis ultrasound view of the thyroid gland shows that
complete type lesions were completely wrapped by the thyroid and incomplete
type lesions were >50% wrapped by the thyroid.

Ye et al. Medicine (2018) 97:23 Medicine
diagnosed in another hospital, and the remaining 8 patients
presented with osteoporosis, hypercalcemia, bone-arthrosis pain,
urinary calculi and complaints of thirst. None of the 15 patients
had a family history of parathyroid disease. The study was
approved by the ethics review committee of the Peking Union
Medical College Hospital. Due to the retrospective nature of the
study, informed consent was not necessary, but personal data and
confidentiality were top priority.
2.2. Ultrasound examination

The ultrasound apparatus consisted of a Philips iU22 (Philips
Medical Systems, Bothell, WA), GE Logiq 9 (GE Healthcare,
Milwaukee, WI), or Philips EsaoteDU6 (PhilipsMedical Systems,
Bothell, WA) with a 5 to 12MHz linear probe. Gray-scale and
color Doppler ultrasonography were used to examine the
thyroid. The patient was placed in a supine position with the
neck exposed sufficiently to allow scanning of multiple sections of
the parathyroid, which is located posterior to the thyroid gland,
and the thyroid gland. Abnormalities of the parathyroid glands
were recorded. Additionally, the size, border, shape, internal
echo, calcification, hyperechoic line on the margins of the nodules
and blood flow supplying the thyroid nodules were recorded.
The internal echo was divided into 3 categories as follows:
hypoechoic, mixed echo (an anechoic zone inside the lesion), and
slightly increased echo. Calcification was divided into the
following 2 categories: with calcification and without calcifica-
tion; and blood flowwas divided into 2 categories as follows: rich
Table 1

Clinical, imaging and pathological information of 15 cases of intrathy

No. Pathology PTH Serum Ca MIBI US(P) US(T) Size, cm L

1 AN (+) (+) (+) (�) (+) 3.0�1.9�1.4
2 AN (+) (+) (+) (�) (+) 1.3�0.7�0.6
3 AN (+) (+) (+) (�) (+) 1.3�1.4�1.0
4 AN (+) (+) (+) (�) (�) 1.5�0.8
5 AN (+) (+) (+) (�) (+) 1.5�0.9
6 AN (+) (+) (+) (�) (+) 2.6�1.2
7 AN (+) (+) (�) (�) (+) 1.8�0.9
8 AN (+) (+) (+) (�) (+) 2.0�0.8�0.5
9 AN (+) (+) (+) (�) (+) 1.4�0.5
10 AN (+) (+) (+) (�) (�) 4.1�2.3
11 AN (+) (�) (�) (�) (�) 2.8�1.9�1.1
12 HP (+) (+) (+) (�) (+) 1.2�1.3�0.8
13 AC (+) (+) UD (�) (�) 5.0�3.2�2.4
14 AC (+) (+) UD (�) (�) 2.6�0.9�0.9
15 AN (+) (+) (+) (�) (+) 0.9�0.7�0.9

AC= adenocarcinoma, AN= adenoma, E= elliptical, HP=hyperplasia, I= inferior, L= lachrymiform, L
undetectable, US(P)=parathyroid ultrasound, US(T)= thyroid ultrasound, W=well-defined.
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and not rich. According to the degree to which the parathyroid
gland was embedded in the thyroid gland, parathyroid lesions in
this study were classified as either a complete type (lesions
completely wrapped by the thyroid) or an incomplete type (most
of the lesion wrapped by thyroid). It should be noted that if
<50% of a lesion was wrapped by the thyroid, it was not
regarded as an intrathyroid parathyroid lesion (Fig. 1).

2.3. Comparison of common imaging methods

The results of ultrasonography, sestamibi-SPECT, and CT were
compared among 15 patients, and the value of the different
methods used in the diagnosis of the intrathyroid parathyroid
lesions was evaluated.
3. Results

3.1. General results

A total of 15 patients with intrathyroid parathyroid lesions were
enrolled in this study, including 11 females (73%, 11/15) and
4 males (27%, 4/15) with a mean age of 46.2±10.2 years. The
parathyroid hormone (PTH) levels were higher than normal in
these 15 patients. Fourteen patients had hypercalcemia, and 1
patient had a normal serum calcium level. The 15 patients
included 12 cases of parathyroid adenoma (80%, 12/15), 1 case
of parathyroid hyperplasia (6.7%, 1/15), and 2 cases of
parathyroid adenocarcinoma (13.3%, 2/15) confirmed postop-
eratively. The mean size of the 15 lesions was 2.1±1.1cm
(Table 1).

3.2. Specific location and sonographic features

A total of 9 lesions were located in the right lobe of the thyroid
(60%, 9/15), 6 were located in the left lobe (40%, 6/15), 12 were
located in the middle and inferior thyroid (80%, 12/15), and 3
were located superiorly (20%, 3/15). A total of 11 lesions
presented as hypoechoic (73.3%, 11/15), 3 presented as mixed
echo (20%, 3/15), and 1 presented as moderate echo (6.7%, 1/
15). All 15 intrathyroid parathyroid lesions were well defined,
and most were elliptical, lachrymiform, or leaflet-shaped. Only
1 lesion showed microcalcification, which was confirmed as
roid parathyroid lesions.

ocation Echo Blood Shape Border Calcification Hyperechoic line

Rt I Hypo Rich L W (�) (+)
Lt M Hypo Rich E W (�) (+)
Rt S Hypo Rich Lb W (�) (+)
Lt I Hypo Rich E W (�) (+)
Lt M Hypo Rich E W (�) (+)
Rt I Hypo Rich Lb W (�) (+)
Lt I Hypo Little L W (�) (+)
Rt M Hyper Rich L W (�) (+)
Rt M Hypo Little Lf W (�) (+)
Rt I Mixed Little Lb W (�) (�)
Rt I Mixed Rich E W (�) (+)
Rt M Mixed Rich E W (�) (+)
Lt I Hypo Rich Lb W (�) (�)
Rt S Hypo Rich E W Punctate (+)
Lt S Hypo Rich E W (�) (+)

b= lobulated, Lt= left, M=middle, PTH = parathyroid hormone, Rt= right, S= superior, UD=
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parathyroid adenocarcinoma by postoperative pathological
diagnosis. Doppler ultrasound signals indicated plentiful blood
flow in 13 lesions (86.7%, 13/15), and 2 lesions had decreased
blood flow (13.3%, 2/15). A hyperechoic line between the
parathyroid lesion and thyroid tissue was detected in 13 lesions
(86.7%, 13/15). A total of 13 lesions were classified as the
complete type (80%, 12/15), and 3 cases were classified as the
incomplete type (20%, 3/15). All the images were analyzed by 2
ultrasound physicians with over 10 years of experience and all the
features of intrathyroid lesions were discussed.
3.3. Comparison of the results between different imaging
examinations

Among the 15 patients, 5 cases (33.3%, 5/15) were diagnosed
using ultrasound screening; however, 10 cases (66.7%, 10/15)
were diagnosed by experienced ultrasound physicians after
reexamination, and the results of sestamibi-SPECT were
referenced in 13 cases. Among these 13 cases, 11 had positive
results (84.6%, 11/13). The results of ultrasound and sestamibi-
SPECT were not consistent. One case was positive using
ultrasound but negative by sestamibi-SPECT; however, 2 cases
were positive by sestamibi-SPECT but negative using ultrasound.
When the results of ultrasound were combined with sestamibi-
SPECT, the accuracy was 92.3% (12/13). A total of 3 patients
underwent CT examination; however, no accurate results were
obtained.
4. Discussion

Hyperparathyroidism caused by intrathyroid parathyroid lesions
is rare, and few reports have described diagnosis by localization.
Some scholars believe that when surgeons do not find the
preoperatively suspected parathyroid gland lesions during
surgery, ipsilateral thyroidectomy should be performed to assure
that no potential intrathyroidal parathyroid lesions are present.
Some scholars also believe it is not advisable to remove the
thyroid gland directly without finding a definite lesion because
the incidence of these lesions is low.[10] Furthermore, blind
thyroidectomy may cause hypothyroidism, and the symptoms of
hyperparathyroidism may not be relieved. Therefore, accurate
preoperative localization is important for the diagnosis of
intrathyroid lesions, which is the main purpose of research into
this rare disease.
Intrathyroid parathyroid lesions are difficult to locate. The

superior and inferior parathyroid glands are usually paired. The
superior parathyroid gland arises from the fourth branchial
pouches, along with the lateral lobes of the thyroid gland. They
are generally located on the dorsal aspect of the upper thyroid
lobes at the level of the inferior border of the cricoid cartilage. The
inferior parathyroid gland arises from the third branchial
pouches, along with the thymus. The majority of inferior
parathyroid glands reside at or immediately inferior to the
posterior aspect of the lower pole of the thyroid. In fact, they can
be located anywhere within the angle of the mandible and the
upper mediastinum, even in thyroid tissue.[11] The parathyroid
gland is encapsulated in the thyroid gland during embryonic
development, which may be the cause of ectopic parathyroid
glands in the thyroid gland.[2] In this study, most intrathyroid
parathyroid lesions were located in the middle and inferior
thyroid (80%, 12/15). It is likely that the inferior parathyroid
gland is more prone to ectopic lesions due to a longer migration
distance during development.
3

The intrathyroid parathyroid lesions were mostly hypoechoic;
some were classified as mixed echo, and individual lesions were
slightly hyperechoic. One study suggests that the characteristic
hypoechoic appearance is caused by the hypercellularity and
vascularity of the lesion, which has little fat content, which leaves
few interfaces for reflecting sound.[12] The pathological features
of vascularity in the lesion and an enlarged extrathyroidal artery
with abundant blood flow signals were found in 13 of the 15
lesions in our study. The internal cystic components, which may
have resulted from cystic degeneration, showed mixed echoes.[13]

One atypical adenoma presented with a slightly higher echo,
which may have been caused by various components of the
lesion. Some adenomas may have increased fat and irregular
fibrous components internally.[14]

The incidence of thyroid nodules is high in the population;
therefore, rare intrathyroid parathyroid lesions should be
distinguished from common thyroid nodules. Other imaging
methods like diffusion-weighted magnetic resonance imaging
may be helpful in diagnosis of thyroid diseases,[15–16] but there is
no literature reporting that it can distinguish whether the nodules
in the thyroid gland are derived from parathyroid glands. In
addition to the characteristic of being hypoechoic with abundant
blood flow signals as mentioned previously, a thin hyperechoic
line was observed on the surface of 86.7% of intrathyroid lesions
in this study, which is identical to the findings reported in the
literature.[17] This line may be the capsule echo of the thyroid and
parathyroid glands. A halo was frequently observed around
thyroid nodules, which may be caused by a rim of blood vessels
around the adenoma or by compression of surrounding glandular
tissue.[18]

Rumack et al[12] defined an intrathyroid parathyroid as
parathyroid glandular tissue that is completely wrapped by the
thyroid gland. They believed that parathyroid adenomas that lie
under the pseudocapsule or sheath covering the thyroid gland or
within a sulcus of the thyroid are not true intrathyroid adenomas.
However, these adenomas may be difficult for the surgeon to
visualize during surgery unless this sheath is opened. Moreover,
the surgical method for parathyroid tissue that is wrapped by
>50% of thyroid tissue is the same method used in clinical
practice for parathyroid tissue that is completely wrapped by
thyroid tissue. Partial resection of thyroid tissue is required to
completely remove the lesion in the 2 types of parathyroid lesions
described previously, which is dependent on the experience of the
surgeon and supported in the literature.[19] Therefore, in our
study, we defined parathyroid lesions that were >50% wrapped
by thyroid tissue as the incomplete type of intrathyroid
parathyroid lesion (20%, 3/15), and parathyroid lesions that
were 100% wrapped by thyroid tissue were defined as the
complete type (80%, 12/15). Sonographers should provide more
accurate information for the clinician for patients who are
clinically suspected of having parathyroid lesions that are >50%
wrapped by thyroid tissue.
Ultrasonographic diagnosis and localization of intrathyroid

parathyroid glands depends on the experience of the ultrasound
physicians. The results of our study showed that the accuracy of
the reexamination was higher than that of the initial examina-
tion. The results of sestamibi-SPECT can serve as a reference for
reexamination by an experienced senior ultrasound physician.
Sestamibi-SPECT, as a functional imaging mode for the

parathyroid, is helpful for the diagnosis of parathyroid lesions.
However, it has limited effectiveness in the preoperative location
of lesions due to its unsatisfactory ability to determine sectional
anatomical information. In this study, the results of ultrasound
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Figure 2. The imaging results of a 67-year-old female with primary
hyperparathyroidism are shown. (A) B-mode ultrasonography shows a well-
defined, lobulated, hypoechoic nodule located in the superior thyroid. A
hyperechoic line is clearly detected (arrow). (B) Dual-phase scintigraphy of
sestamibi-SPECT shows an area with increased radiation in the superior left
lobe of the thyroid and is considered to be a hyperactive parathyroid gland.
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and sestamibi-SPECT were not consistent. One case was positive
on ultrasound but negative by sestamibi-SPECT; however,
2 cases were positive by sestamibi-SPECT but negative on
ultrasound. The combination of ultrasound and sestamibi-
Figure 3. The pathology and histopathology results of a 53-year-old female with h
shows a well-defined, elliptical, hypoechoic nodule located in the inferior thyroid. A
shows parathyroid lesions (yellow) and thyroid tissue (red). (C) Histopathological ima
and eosin-stained tissue; magnification, �50).
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SPECT can improve the diagnostic accuracy of intrathyroid
parathyroid lesions.[20] Sestamibi-SPECT has a high sensitivity
and low specificity for the intrathyroid parathyroid. Therefore,
we suggest that patients with suspicious intrathyroid parathyroid
lesions first undergo sestamibi-SPECT and then undergo an
ultrasound examination to accurately locate the lesion. Ultra-
sound can provide more sectional anatomy information such as
size and the relationship between the lesion and the surrounding
tissue. Bahar[4] and Proye[21] reported that the sensitivity of
ultrasound for detecting intrathyroid parathyroid lesions were
67% and 57%, respectively. Roy[22] reported that the diagnostic
accuracy of ultrasound was 53%, the accuracy of sestamibi-
SPECT was 76%, and the accuracy of the combination of the
2 methods was 81%. In our research, the diagnostic accuracy of
ultrasound and sestamibi-SPECT were 66.7% and 84.6%,
respectively, and the combined accuracy of the 2 methods was
92.3%. The combination of the 2 methods can provide
information about the origin, location, and size of the lesion
and the relationship with surrounding tissues, which can
significantly improve the diagnosis of intrathyroid parathyroid
lesions.
Due to the analysis and summary of 15 cases of intrathyroid

parathyroid lesions, we diagnosed 2 cases accurately in the
previous 7 months. The 2 patients presented to our hospital for
osteoporosis and hypercalcemia with high PTH levels. No
significant abnormality was observed in the normal area of the
parathyroid in the initial ultrasound examination. Upon
reexamination, we observed a hypoechoic nodule in the thyroid
with plentiful blood flow signals, and a hyperechoic line between
the parathyroid and thyroid tissue was observed. Based on the
sestamibi-SPECT results, we determined that the lesion was
located at the same level as that reported by ultrasound. We
confidently diagnosed the 2 patients with intrathyroid parathy-
roid lesions. The 2 cases were confirmed by postoperative
pathology (Figs. 2 and 3). Thus, due to our understanding of this
rare disease, its diagnosis will gradually become common.
This study examined 15 cases of intrathyroid parathyroid
lesions that were confirmed by surgery in our hospital from
March 2003 to November 2016. Future multicenter clinical
studies are expected to include a larger sample size.
Author contributions

Data curation: Tiantian Ye, Xuepei Huang.
Investigation: Ya Hu, Quan Liao.
Methodology: Liang Wang, He Liu.
Project administration: Yu Xia, Yuxin Jiang.
ypercalcemia and bone-arthrosis pain are shown. (A) B-mode ultrasonography
hyperechoic line is clearly detected (arrow). (B) The gross pathology specimen
ges confirm that the lesion is an intrathyroid parathyroid adenoma (hematoxylin



[9] Herden U, Seiler CA, Candinas D, et al. Intrathyroid adenomas in

Ye et al. Medicine (2018) 97:23 www.md-journal.com
Resources: Yu Xia.
Supervision: Yuxin Jiang.
Validation: Li Huo.
Visualization: Bo Zhang.
Writing – original draft: Tiantian Ye, Xuepei Huang.
Writing – review & editing: Tiantian Ye, Xuepei Huang, Li Ma,
Xingjian Lai, Ke Lv.
References

[1] Ning L, Sippel R, Schaefer S, et al. What is the clinical significance of an
elevated parathyroid hormone level after curative surgery for primary
hyperparathyroidism? Ann Surg 2009;249:469–72.

[2] Feliciano DV. Parathyroid pathology in an intrathyroidal position. Am J
Surg 1992;164:496–500.

[3] Abboud B, Sleilaty G, Ayoub S, et al. Intrathyroid parathyroid adenoma
in primary hyperparathyroidism: can it be predicted preoperatively?
World J Surg 2007;31:817–23.

[4] Bahar G, Feinmesser R, Joshua BZ, et al. Hyperfunctioning intrathyroid
parathyroid gland: a potential cause of failure in parathyroidectomy.
Surgery 2006;139:821–6.

[5] Devuyst O, Knoers NV, Remuzzi G, et al. Board of the Working Group
for Inherited Kidney Diseases of the European Renal Association and
European Dialysis and Transplant AssociationRare inherited kidney
diseases: challenges, opportunities, and perspectives. Lancet 2014;383:
1844–59.

[6] Schieppati A, Henter JI, Daina E, et al. Why rare diseases are an
important medical and social issue. Lancet 2008;371:2039–41.

[7] Liu BC, He L, He G, et al. A cross-national comparative study of orphan
drug policies in the United States, the European Union, and Japan:
towards a made-in-China orphan drug policy. J Public Health Policy
2010;31:407–20.

[8] Abdel Razek AA. Computed tomography and magnetic resonance
imaging of maxillofacial lesions in renal osteodystrophy. J Craniofac
Surg 2014;25:1354–7.
5

primary hyperparathyroidism: are they frequent enough to guide surgical
strategy? Surg Innov 2011;18:373–8.

[10] Goodman A, Politz D, Lopez J, et al. Intrathyroid parathyroid adenoma:
incidence and location—the case against thyroid lobectomy. Otolaryngol
Head Neck Surg 2011;144:867–71.

[11] Policeni BA, Smoker WR, Reede DL. Anatomy and embryology of the
thyroid and parathyroid glands. Semin Ultrasound CT MR 2012;
33:104–14.

[12] Rumack CM, Wilson SR. Diagnostic Ultrasound. 4th ed. Elsevier,
America: 2011.

[13] Gooding GA, Duh QY. Primary hyperparathyroidism: functioning
hemorrhagic parathyroid cyst. J Clin Ultrasound 1997;25:82–4.

[14] Yoon V, Treat K, Maalouf NM. Ectopic atypical parathyroid lip-
oadenoma: a rare cause of severe primary hyperparathyroidism. J Bone
Miner Metab 2013;31:595–600.

[15] Abdel Razek AAK, Abd Allah SS, El-Said AAE. Role of diffusion-
weighted MR imaging in differentiation between Graves’ disease and
painless thyroiditis. Pol J Radiol 2017;82:536–41.

[16] Abdel Razek AA, Sadek AG, Gaballa G. Diffusion-weighed MR of the
thyroid gland in Graves’ disease: assessment of disease activity and
prediction of outcome. Acad Radiol 2010;17:779–83.

[17] Yabuta T, Tsushima Y, Masuoka H, et al. Ultrasonographic features of
intrathyroidal parathyroid adenoma causing primary hyperparathyroid-
ism. Endocr J 2011;58:989–94.

[18] Barraclough BM, Barraclough BH. Ultrasound of the thyroid and
parathyroid glands. World J Surg 2000;24:158–65.

[19] Heller MT, Yip L, Tublin ME. Sonography of intrathyroid parathyroid
adenomas: are there distinctive features that allow for preoperative
identification? Eur J Radiol 2013;82:e22–7.

[20] Chen CL, Lin SH, Yu JC, et al. Persistent renal hyperparathyroidism
caused by intrathyroidal parathyroid glands. J Chin Med Assoc 2014;
77:492–5.

[21] Proye C, Bizard JP, Carnaille B, et al. Hyperparathyroidism and
intrathyroid parathyroid gland. 43 cases. Ann Chir 1994;48:501–6.

[22] Roy M, Mazeh H, Chen H, et al. Incidence and localization of ectopic
parathyroid adenomas in previously unexplored patients. World J Surg
2013;37:102–6.

http://www.md-journal.com

	Usefulness of preoperative ultrasonographic localization for diagnosis of a rare disease
	1 Introduction
	2 Patients and methods
	2.1 Study patients
	2.2 Ultrasound examination
	2.3 Comparison of common imaging methods

	3 Results
	3.1 General results
	3.2 Specific location and sonographic features
	3.3 Comparison of the results between different imaging examinations

	4 Discussion
	Author contributions
	References


