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           Introduction 

  An introduction to the fundamentals of  ultra-
sound   is provided elsewhere in this book (Chap. 
  13    ). Here we review some of the basic principles 
of ultrasound that make this imaging modality a 
very useful instrument in the management of 
parathyroid disease. A more in-depth description 
of ultrasound fundamentals can be found within 
several dedicated textbooks of ultrasonography 
[ 1 ,  2 ]. Sound waves require a medium through 
which to propagate. Various mediums demon-
strate differing impedance properties and speed 
at which they propagate sound based upon their 
density and composition. The difference in 
impedance of adjacent mediums results in the 
refl ection of sound waves, a principle that allows 
for high-resolution imaging of anatomical struc-
tures in the neck with various natural densities. 
The computing power of an ultrasound machine 
infers the distance away from the ultrasound 
transducer that an object is located based upon 
the time elapsed from emission of a sound wave 
from the transducer until the refl ected wave 
returns to the transducer. Along with the propaga-
tion and refl ection of ultrasound waves, a third 
important property of sound travel is the degree 
of attenuation of the wave, which increases the 
farther from the transducer the wave propagates. 
The higher the frequency  utilized   in ultrasound, 
the earlier the attenuation and shorter distance of 
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propagation through tissues; yet the resolution of 
imaging will be greater. The optimal frequency 
of  ultrasound   in parathyroid imaging, consider-
ing the need for high resolution and adequate 
depth of imaging, ranges from 7.5 to 13 MHz. 

  Ultrasound technology   also takes advantage 
of the  Doppler effect   in evaluating vascular fl ow. 
The Doppler principle states that an object mov-
ing towards (or away) from the direction of a 
sound wave source will refl ect the sound wave at 
a greater (or lower) frequency than the original 
emitted wave. This property is exploited by the 
ultrasound machine computations to determine 
both directionality and velocity of blood fl ow. A 
 Doppler   map is created by modern ultrasound 
systems that is superimposed on the B-mode 
(gray scale) ultrasound image to depict variations 
in blood fl ow within anatomic structures of inter-
est, including pathologic parathyroid glands.   

     Indications for   Parathyroid 
Ultrasound 

  Preoperative parathyroid ultrasound is one of the 
most frequently utilized imaging modalities in 
the evaluation of hyperparathyroidism, often pro-
viding stand-alone localization of abnormal para-
thyroid glands or complementary information to 
radionuclide scanning. The same preoperative 
utility of ultrasound can be applied to patients in 
the intraoperative setting when sonographic 
equipment is available. Whether the patient is 
under local or general anesthesia in preparation 
for surgery, he or she is in the appropriate operat-
ing head and neck position. The surgeon or other 
 sonographer   can then perform a thorough neck 
ultrasound examination to reconfi rm the pre-
dicted location of the parathyroid lesion and plan 
an appropriate incision and approach. After exci-
sion of the parathyroid candidate, the surgeon 
can also ultrasound the specimen ex vivo to con-
fi rm that it resembles the candidate targeted 
preoperatively. 

 The indications for utilizing ultrasound in 
parathyroid disease are important to understand. 
All patients suspected of having primary hyper-
parathyroidism based upon history, exam, and 

laboratory workup, who are considered surgical 
candidates, are also candidates for both radionu-
clide scanning and neck ultrasound. Since 
approximately 85 % of patients with primary 
hyperparathyroidism will have a solitary para-
thyroid adenoma, localizing a target can be criti-
cal to surgical planning [ 3 ] (Fig.  23.1 ). In 
addition to evaluating the neck for one or more 
enlarged parathyroid glands, any potential thy-
roid pathology should also be evaluated by ultra-
sound prior to counseling the patient on the 
extent of surgery. Preoperative ultrasonographic 
evaluation of the thyroid gland directs further 
diagnostic testing that may then dictate a proce-
dure that can be performed at the same time as 
parathyroid surgery [ 4 ]. Surgery of the central 
neck compartment is ideally performed at one 
session, as each subsequent surgery becomes 
more technically diffi cult and can raise the risk 
of operative morbidity [ 5 ,  6 ].

   In patients suspected of having secondary or 
tertiary hyperparathyroidism,  multigland hyper-
plasia   is more commonly encountered than a 
solitary adenoma. Four-gland hyperplasia can 
usually be appreciated on ultrasound. In  parathy-
roid hyperplasia  , the four glands may not be uni-
formly enlarged, as one or more glands may 
demonstrate greater hyperplastic changes than 
the others [ 7 – 9 ] (Fig.  23.2 ). Ultrasound  assess-
ment   may aid in planning the order of explora-
tion, from the most prominently enlarged gland 
downwards, while following intraoperative PTH 
levels. Again thorough assessment of the thyroid 
gland will be important for planning the appro-
priate operation [ 10 ].

   Neither radionuclide scanning nor parathyroid 
ultrasound exhibit absolute sensitivity nor speci-
fi city for parathyroid adenomas. A strongly local-
izing result from one image test may be suffi cient 
to direct surgery, but it does not preclude an indi-
cation for radionuclide scanning or other imaging 
modalities [ 11 ,  12 ]. Identifi cation of a cervical 
parathyroid adenoma candidate on ultrasound 
does not rule out the possibility of a second,  ecto-
pic adenoma   in a location inaccessible to ultra-
sound (e.g., mediastinum, retropharynx). 
Whereas an ultrasound may reveal a hypoechoic 
lesion in an anatomically appropriate location for 
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a parathyroid gland, a small lymph node may be 
diffi cult to distinguish from parathyroid tissue 
sonographically (Fig.  23.3 ).  Sestamibi radionu-
clide scanning   may help scrutinize a parathyroid 
candidate further with a functional evaluation. 
Conversely, a “positive” sestamibi radionuclide 
scan that suggests a sidedness to a parathyroid 
candidate is ideally supported by an ultrasound 

that demonstrates an enlarged hypoechoic lesion 
with the same laterality, as radionuclide scan 
interpretation is subject to distraction by back-
ground noise inherent to the properties of this 
imaging technique.

   Preoperative or intraoperative ultrasound of 
the neck allows the surgeon to identify aberrant 
anatomy prior to the operation. For example a 

  Fig. 23.1    Left inferior  parathyroid   adenoma abutting left 
common carotid artery and dorsal to left thyroid lobe. 
Transverse view.  CCA  common carotid artery,  IJV  inter-

nal jugular vein,  SH/ST  sternohyoid and sternothyroid 
muscles,  PTA  parathyroid adenoma,  SCM  
sternocleidomastoid       

  Fig. 23.2     Parathyroid hyperplasia   
showing a larger superior parathyroid 
and smaller inferior parathyroid 
gland. Both glands are hyperplastic 
but are asymmetrically enlarged. 
Sagittal view.  SPT  superior 
parathyroid,  IPT  inferior parathyroid, 
 SH/ST  sternohyoid and sternothyroid 
muscles       

 

 

23 Intraoperative Parathyroid Ultrasound



260

non-recurrent right laryngeal nerve is readily sus-
pected if the right subclavian and carotid arteries 
do not proximally arise from an innominate 
artery, which should be identifi able on ultrasound 
in most patients [ 13 ]. While it is not necessary in 
all parathyroid cases to identify the recurrent (or 
non-recurrent) laryngeal nerve, its anatomical 
course should be understood and anticipated as 
well as possible in any central neck compartment 
surgery (Fig.  23.4  and Video  23.1 ). 

       Ultrasonographic Appearance 
of  Parathyroid Tissue      

   Normal parathyroid glands are typically less than 
40 mg in mass, and measure approximately 6 mm 
in cranio-caudad length, and 3–4 mm in width [ 3 , 
 14 ]. They are typically too small and too similar 
to surrounding structures to be appreciated by 

ultrasound imaging. In the majority of cases, 
ultrasound imaging of pathologically enlarged 
parathyroid glands demonstrates a homogeneous 
ovoid, hypoechoic lesion that may have a distinct, 
more echogenic rim [ 15 – 17 ]. Less commonly, 
enlarged parathyroid glands may be multilobu-
lated in shape; they may also appear anechoic, or 
even show echogenicity similar to thyroid tissue. 
The appearance may be diffi cult to distinguish 
from a lymph node, which also may be ovoid with 
a hypoechoic appearance. In enlarged lymph 
nodes, a fatty central hilum may be visible as a 
more echogenic region, and Doppler signaling for 
vascular fl ow should demonstrate central fl ow 
through the hilar vascular pedicle. In contrast, a 
 parathyroid adenoma   has a primarily polar vascu-
lar pedicle—rather than central within the ovoid 
mass; the pedicle typically terminates at the supe-
rior pole (Fig.  23.5  and Videos  23.2 ,  23.3 , and 
 23.4 ). This may be best appreciated in sagittal ori-

  Fig. 23.3    Left level 6  lymph node  . Transverse ( left ) and sagittal ( right ) views.  LN  lymph node       

  Fig. 23.4    Right common carotid and subclavian artery confl uence.  CCA  common carotid artery,  SCA  subclavian artery, 
 INA  innominate artery       
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entation on ultrasound. A vascular “arc” has also 
been described coursing over the surface of para-
thyroid tissue [ 18 ]. Hypervascularity of the para-
thyroid capsule, or hypervascularity of the 
adjacent thyroid gland, has also been reported on 
ultrasound Doppler fl ow studies [ 19 ]. The con-
trasting vascular characteristics of lymph nodes 
and parathyroid adenomas are diffi cult to discern 
in small lymph nodes, in which ultrasonographic 

resolution is insuffi cient to visualize the central 
hilum clearly.

   A parathyroid candidate on ultrasound may 
also be diffi cult to distinguish from a thyroid 
nodule if an intracapsular parathyroid gland is 
suspected (Fig.  23.6 ). While echogenicity of the 
lesion may be somewhat helpful, many thyroid 
nodules are hypoechoic, round, or ovoid in 
appearance. Ordinarily a subcentimeter thyroid 

  Fig. 23.5    Left inferior  parathyroid   
adenoma showing superior polar 
vascularity (arrow). Sagittal view. 
 PTA  parathyroid adenoma       

  Fig. 23.6    Right intracapsular parathyroid adenoma. Transverse ( left ) and sagittal ( right ) views.  PTA  parathyroid ade-
noma,  CCA  common carotid artery,  IJV  internal jugular vein       
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nodule without suspicious characteristics (e.g., 
microcalcifi cation, irregular borders) may not 
warrant a  fi ne-needle aspiration (FNA) biopsy     . 
However if such a nodule is a candidate for para-
thyroid tissue, an ultrasound-guided FNA  biopsy      
with saline washings for parathyroid hormone 
(PTH) levels is a useful next diagnostic step, pro-
vided that accurate aspiration of the lesion is 
achieved [ 20 ,  21 ].

   Patients diagnosed with primary hyperpara-
thyroidism will be found to have a solitary ade-
noma in 85 % of cases; multigland disease, either 
diffuse hyperplasia or less commonly double 
adenomas in 15 % of cases; and in less than 1 % 
of cases, parathyroid carcinoma [ 3 ]. The key dis-
tinguishing factor between the rare parathyroid 
carcinoma and an adenoma on ultrasound is the 
invasion, by carcinoma, into adjacent structures 
that may be visualized on ultrasound, with an 
irregular lesion border. Physical exam fi ndings of 
a palpable mass, and laboratory fi ndings of a 
serum calcium greater than 14 mg/dL, a PTH 
greater than three times normal, and a markedly 
elevated serum alkaline phosphatase should also 
increase suspicion for parathyroid malignancy, 
although these each has low specifi city [ 22 ,  23 ]. 
In multiple endocrine neoplasia types I and IIa, 
as well as secondary and tertiary hyperparathy-
roidism,  multigland hyperplasia   is typically 
appreciated on ultrasound, whereas sporadic 
cases of  multiglandular disease   may not present 
with enlarged parathyroid glands to a size visible 
on ultrasound.    

    Embryology and Location 
of the  Parathyroid Glands      

   A brief review of the embryologic development 
of the parathyroid glands is useful to aid in under-
standing their most common anatomical loca-
tions and methodically survey potential ectopic 
sites for ultrasonographic identifi cation. The 
superior and inferior parathyroid glands develop 
from the dorsal wings of the embryonic fourth 
and third pharyngeal pouches, respectively. 
Differentiation into parathyroid parenchyma 

occurs during the fi fth to sixth week of gestation, 
followed by detachment from the pharynx at 
week 7 after which both pairs of glands begin a 
caudal migration. The superior parathyroid 
glands attach to the thyroid and migrate caudally 
for a much shorter distance than the inferior para-
thyroid glands. The superior parathyroid glands 
typically deposit along the posterior aspect of the 
mid to superior thyroid lobe. Whereas the infe-
rior parathyroid glands develop from the dorsal 
wing of the third pharyngeal pouch, the thymus 
develops from the ventral wing of this same 
pouch. As the thymus migrates caudally into the 
superior mediastinum, the attached inferior para-
thyroid glands follow; however they usually 
detach from the thymus and deposit proximally, 
just inferior and posterior to the inferior thyroid 
pole. 

 The superior parathyroid gland is located pos-
terior, or dorsal, to the  recurrent laryngeal nerve 
(RLN)  , whereas the inferior parathyroid rests 
anterior, or ventral, to the nerve. Since the  RLN   
is not visualized on parathyroid ultrasound, the 
posterior, or deep, border of the carotid artery or 
the inferior thyroid artery serves as sonographic 
surrogate landmark for the plane of the RLN 
(Figs.  23.7  and  23.8 ). For example a parathyroid 
candidate lying anterior, or superfi cial, to this 
plane would likely be an inferior parathyroid.

    During a parathyroid ultrasound  survey  , it is 
helpful to anticipate typical and ectopic locations 
of parathyroid glands based on their embryologi-
cal development. The superior parathyroid glands 
may be identifi ed as high as the hyoid bone or 
level of the carotid bifurcation. In addition to the 
central compartment proper, ultrasound should 
examine the carotid sheath, retropharyngeal, ret-
roesophageal, retrotracheal, and parapharyngeal 
spaces to the extent possible for potential ectopic 
glands [ 24 ]. The superior parathyroid gland may 
also descend into the posterior mediastinum, a 
space bounded superiorly by the upper border of 
pericardium, and inferiorly by the diaphragm, 
beyond visibility by  transcutaneous ultrasound  . 
The inferior parathyroid gland may continue to 
descend into the superior, or even anterior 
(anteroinferior) mediastinum as it follows the 
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descent of the thymus. The inferior parathyroid 
gland may be found as far cephalic as the hyoid 
bone as well if it failed to descend with the thy-
mus. A parathyroid candidate at this cephalic 
limit would be considered inferior or superior 
based on its relationship to the RLN.    

    Techniques in Parathyroid 
 Ultrasound   

  Ultrasound evaluation of parathyroid disease 
should fi rst begin with a thorough survey of the 
 central neck compartment  , from hyoid bone 

  Fig. 23.7    A descended left superior  parathyroid   ade-
noma, abutting esophagus deep to posterior plane of the 
common carotid artery. Intraoperatively, the recurrent 
laryngeal nerve was identifi ed ventral to the adenoma, as 

expected in relation to a superior parathyroid gland. 
Transverse view.  PTA  parathyroid adenoma,  CCA  com-
mon carotid artery,  EGS  esophagus       

  Fig. 23.8    Left superior  parathyroid   adenoma. Transverse ( left ) and sagittal ( right ) views.  PTA  parathyroid adenoma, 
 CCA  common carotid artery,  SCM  sternocleidomastoid,  SH/ST  sternohyoid and sternothyroid muscles       
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cephalically to the thoracic inlet as far caudally 
as can be accessed by the ultrasound transducer 
[ 18 ]. A suggested approach begins by identifi ca-
tion of the innominate artery as it courses from 
the superior mediastinum towards the right cen-
tral neck compartment, branching into the right 
common carotid and subclavian artery. The space 
from right carotid sheath to larynx and trachea is 
carefully examined in a caudal to cephalad direc-
tion with the transducer in a transverse orienta-
tion. Examination continues to the superior limit 
of the thyroid lobe, and can extend to the hyoid. 
Any parathyroid candidates are then investigated 
with the transducer in a sagittal plane, which aids 
in visualizing the vascular pedicle that frequently 
can be seen at the superior pole of the enlarged 
gland. Examining the right central neck compart-
ment beginning at the right innominate artery 
also provides rapid confi rmation of the normal 
great vessel anatomy, and therefore RLN anat-
omy. The awake patient can be asked to turn his 
or her head towards and away from the examiner 
to further enhance visualization of otherwise 
overlapping structures; in the sedated patient, the 
examiner may need to carefully rotate the 
patient’s head to accomplish the same result. An 
awake patient can also be asked to swallow, 
which can aid in distinguishing the esophagus 

from other nodular structures. The anesthetized 
patient may have an endotracheal tube and/or an 
esophageal probe in place that can distort anat-
omy or create ultrasound artifacts, such as acous-
tic shadowing, and should be noted. 

 The left  central neck compartment   is subse-
quently evaluated from the thoracic inlet to supe-
rior limit of the thyroid lobe, again from carotid 
sheath laterally to the trachea and larynx medi-
ally. Both transverse and sagittal transducer ori-
entations are employed. Next the thyroid gland 
itself is evaluated, beginning with the right thy-
roid lobe from caudal to cephalad, transversely, 
and then in sagittal view. This step is repeated on 
the left, followed by examining the isthmus. As 
discussed earlier, it is worthwhile to perform thy-
roid ultrasound in all hyperparathyroidism 
patients, both in search of ectopic intrathyroidal 
parathyroid glands and to assess possible thyroid 
pathology that may warrant further diagnostic 
and therapeutic measures. Ultrasound-guided 
 FNA      biopsy of suspicious intrathyroidal lesions 
with saline needle washing for PTH assay can 
then be employed [ 21 ]. Often the middle thyroid 
vein is seen draining from the mid to lower thy-
roid lobe, and is a useful surgical landmark that 
may help orient the surgeon if a parathyroid can-
didate is visualized nearby (Fig.  23.9 ).

  Fig. 23.9    Left inferior  parathyroid   adenoma. The left mid-
dle thyroid vein ( arrow ) is seen exiting the left mid- thyroid 
lobe, draining into the internal jugular vein. Transverse 

view.  PTA  parathyroid adenoma,  CCA  common carotid 
artery,  SCM  sternocleidomastoid,  SH/ST  sternohyoid and 
sternothyroid muscles,  IJV  internal jugular vein       
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    Ultrasonographic visualization   beyond the 
thoracic inlet into the superior mediastinum is 
often limited by patient habitus, and sometimes 
can be facilitated by sagittal positioning of the 
transducer, leading with one corner of the trans-
ducer. Deep planes, including potential ectopic 
sites such as prevertebral, and retropharyngeal, 
retroesophageal, and retrotracheal spaces, may 
require adjustments of the ultrasound settings to 
a lower frequency, which allows for better pene-
tration of sound energy due to longer wavelength. 
The ultrasound fi eld gain (either overall gain or 
time-gain compensation in the far fi eld) is 
increased for deeper examination as well. In 
addition to an anteroposterior direction of trans-
ducer placement, a lateral approach is employed 
to examine these “retro-aerodigestive” spaces 
with less impedance from the carotid artery and 
laryngotracheal framework. After parathyroid 
candidates have been identifi ed,  Doppler fl ow   
can be utilized to assess for typical vascular pat-
terns, such as a polar vascular pedicle, a vascular 
arch, or increased adjacent thyroidal vascularity. 

 The surgeon or  sonographer   should avoid 
quick conclusions about the location of the patho-
logic parathyroid gland based upon prior knowl-
edge of radionuclide fi ndings, as this bias can 
lead to a less thorough examination of the entire 
space at risk for harboring parathyroid disease. 
Even in cases of multigland hyperplasia, one 

parathyroid gland may be larger than the other 
three, and lead to the assumption that the patient 
has a solitary adenoma (Fig.  23.10 ). Rather the 
surgeon or radiologist can use the full potential of 
ultrasound to map out the entire at-risk neck 
spaces. 

       Current Investigations 
into Parathyroid  Ultrasound   

  As discussed earlier, preoperative radionuclide 
scanning and neck ultrasound provide comple-
mentary information that is pivotal for surgical 
planning in primary hyperparathyroidism. For 
both preoperative and intraoperative ultrasound, 
the experience and motivation of the  sonographer   
are vital attributes in determining the quality and 
validity of an exam [ 25 – 28 ]. For the patient with 
primary hyperparathyroidism who is suspected 
of having a solitary adenoma on ultrasound, the 
 sonographer   can help direct the tailoring of a 
small, targeted incision by specifying the most 
likely central neck quadrant and triangulating 
location with respect to regional anatomy for a 
minimally invasive surgical approach [ 29 ] 
(Figs.  23.11  and  23.12  and Video  23.5 ). The sur-
geon must plan an incision that can be extended 
if necessary, such that both surgical exposure and 
fi nal cosmesis are optimized. While other imag-

  Fig. 23.10     Parathyroid hyperplasia  , 
superior greater than inferior. Sagittal 
view.  SPT  superior parathyroid,  IPT  
inferior parathyroid       
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  Fig. 23.11    Right inferior  parathyroid   adenoma, transverse ( left ) and sagittal ( right ) views.  PTA  parathyroid adenoma, 
 CCA  common carotid artery,  SH/ST  sternohyoid and sternothyroid muscles,  IJV  internal jugular vein       

  Fig. 23.12    Large right inferior  parathyroid adenoma  . 
Transverse view (12A); sagittal view (12B); Doppler 
shows hypervascular pattern of the adenoma, adjacent to 
the high fl ow of the common carotid artery (12C—arrow 
marks PTA, star marks CCA).  PTA  parathyroid adenoma, 

 CCA  common carotid artery,  SH/ST  sternohyoid and ster-
nothyroid muscles,  IJV  internal jugular vein,  SCM  sterno-
cleidomastoid. *On sagittal view, left side of image is 
cephalad, right side is caudal       
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ing modalities can also potentially localize an 
adenoma to the  correct quadrant (e.g., MRI, CT, 
4D CT, sestamibi), none has the low cost, speed, 
and/or non- radiation- based advantages of 
ultrasound.

    Some surgeons have endorsed the use of 
adjunctive intraoperative localizing procedures 
such as ultrasound-guided, intralesional methy-
lene blue dye injection, particularly in reopera-
tive necks in which the normal tissue planes can 
be signifi cantly altered [ 30 ,  31 ]. This technique 
of tattooing the suspected parathyroid adenoma 
is logical; however it must be implemented with 
precision. As a dry, bloodless fi eld is essential in 
parathyroid surgery, any staining of methylene 
blue into tissues surrounding the candidate ade-
noma can blur tissue interfaces. As an  endocrine 
gland   that is primarily secreting hormone into 
systemic circulation, successful injection of the 
parathyroid may be followed by egress of blue 
dye through the gland’s venous outfl ow into sur-
rounding tissues, again obscuring planes of 
dissection. 

 The application of  ultrasound   in  parathyroid 
hyperplasia   has also been investigated as a poten-
tial quantitative instrument for preoperatively 
calculating the extent of gland excision necessary 
in the preoperative setting. While this concept 
requires further investigation in larger patient 
cohorts, a recent study of ten patients with mul-
tiple endocrine neoplasia type I showed a posi-
tive correlation between total calculated 
parathyroid volume on preoperative ultrasound 
and preoperative serum  intact parathyroid hor-
mone (iPTH)   level ( R  = 0.96,  P  < 0.001) [ 32 ]. The 
investigators derived a formula directly relating 
sonographic parathyroid volume and iPTH (vol-
ume in mm 3  = 15 × iPTH (pg/mL) − 1000). They 
postulated a scenario in which such a correlation 
could be useful. If a patient with parathyroid 
hyperplasia is also found to have a thyroid lesion 
(i.e., nodule versus intrathyroidal parathyroid), a 
simple calculation of parathyroid volume by pre-
operative ultrasound, compared to the volume 
predicted by the above formula, might suggest 
the probability that the intrathyroidal lesion rep-
resented functional parathyroid tissue. Future 
studies with larger patient cohorts may better 

validate this proposed correlation. Ultimately an 
intraoperative determination by the surgeon for 
adequacy of four-gland exploration is necessary, 
but innovative approaches to preoperative plan-
ning are helpful for the surgeon to anticipate the 
course of surgery, and provide patient counsel-
ing. Likewise in cases of parathyroid hyperplasia 
associated with secondary and tertiary hyper-
parathyroidism, while preoperative ultrasound 
does not replace a thorough four-gland explora-
tion, evaluation of the thyroid gland for concomi-
tant pathology (or ectopic parathyroid tissue) is 
key to operative planning prior to making an inci-
sion [ 10 ]. 

 There remains a need for high-resolution 
imaging modalities to visualize the retropharynx, 
retroesophagus, and mediastinum—potential 
sites for ectopic parathyroid tissue that are not 
easily visualized with percutaneous transcervical 
ultrasound. MRI or CT imaging may comple-
ment sestamibi in identifying such ectopic para-
thyroids. Preoperative endoscopic ultrasound has 
also been described to interrogate these anatomi-
cal locations, and can also be combined with a 
fi ne-needle aspirate measuring PTH levels [ 33 , 
 34 ]. To our knowledge only case reports have 
described the usage of  endobronchial ultrasound 
(EBUS)   to identify and plan excision of medias-
tinal and retroesophageal parathyroid adenomas. 
However EBUS- assisted   FNA has been widely 
utilized to diagnose mediastinal masses prior to 
surgical intervention [ 35 ]. In patients with persis-
tent hyperparathyroidism after a thorough prior 
neck exploration (e.g., with parathyroid adenoma 
excision), detection of a suspected ectopic hyper-
functional parathyroid may be facilitated by 
endoscopic ultrasound.   

    Summary 

 Localization studies have been described as pre-
operative tools for the surgeon to use only after a 
biochemical diagnosis of hyperparathyroidism 
has been made and surgery recommended. 
Increasingly, however, parathyroid surgeons are 
knowledgeable of and adept at utilizing the 
advantages of real-time ultrasonography for pre-
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cise assessment of pathologic parathyroid glands 
in the context of the associated surgical anatomy. 
In equivocal, asymptomatic, or early cases of 
hyperparathyroidism, a preoperative ultrasound 
that fails to reveal a candidate for a pathologic 
parathyroid gland, especially in the setting of a 
nonlocalizing sestamibi parathyroid scan, might 
appropriately lead the clinician to postpone sur-
gery or consider ancillary studies for localization. 
On the other hand, a fi nding of thyroid pathology 
in addition to localization of parathyroid 
candidate(s) with ultrasound may lead to expan-
sion of the surgical plan. Once the decision has 
been made to operate, the use of ultrasound in the 
operating room immediately prior to incision can 
signifi cantly enhance surgical strategy. After an 
incision has been made, ultrasound can still be 
performed through adjacent skin using a sterile 
or sterilely draped transducer, and intracavitary 
ultrasound, although diffi cult within the minimal 
access incision, can be used to confi rm a target. 
Back table ultrasound of excised specimens can 
further help to confi rm retrieval of intended 
targets. 

   Society Guidelines:    N/A  

   Best Practices:    N/A        
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