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The purpose of this study is to characterize the sonographic appearance of canine parathyroid glands using high-

resolution ultrasonography. Ten cadaver dogs were studied after euthanasia for reasons not relating to the

parathyroid. The cervical region was examined using a 13–5MHz linear transducer in right and left recum-

bency. Ultrasonographic features of the parathyroid and thyroid glands were compared with the gross and

histopathologic findings. Thirty-five structures were identified sonographically as parathyroid glands but only 26

of 35 glands (74% positive predictive value) were proven to be normal parathyroid glands histopathologically.

Of the nine false positives, five (14%) were proven to be lobular thyroid tissue. The remaining four (11%)

structures were visible grossly or found histopathologically. There were no statistical differences between

ultrasonographic and gross measurements of the parathyroid glands. The average size as seen sonographically

was 3.3�2.2�1.7mm and the average gross size was 3.7�2.6�1.6mm (length, width, height). The average

size of the thyroid lobules assessed sonographically was 2.3�1.6�0.8mm (length, width, height). Normal

parathyroid glands can be identified using high-resolution ultrasonography. But some thyroid lobules will be

misinterpreted as parathyroid glands; this will result in false positives when identifying parathyroid glands with

ultrasonography. r 2010 Veterinary Radiology & Ultrasound, Vol. 51, No. 4, 2010, pp 447–452.
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Introduction

THE PARATHYROID GLANDS control calcium levels by

controlling absorption of calcium via the gastrointes-

tinal tract, excretion of calcium by the kidneys, and release

of calcium by the bones.1 There are usually two parathy-

roid glands associated with each lobe of the canine thyroid

gland, one superficially at the craniodorsolateral surface of

each lobe, referred to as the external parathyroid gland,

and one embedded in the caudal aspect of each lobe,

referred to as the internal parathyroid gland.2 Approxi-

mately 3–6% of dogs will have an accessory parathyroid

gland.2 The normal canine parathyroid gland measures

2–5mm in diameter and 0.5–1mm in width.2 There is no as-

sociation between body weight and parathyroid gland size.2

Parathyroid gland imaging is challenging whether the

parathyroid glands are normal or abnormal, due to their

small size and superficial location. There is no gold standard

for parathyroid gland imaging in humans.3 Ultrasono-

graphy, computed tomography (CT), magnetic resonance

imaging, and scintigraphy have all been employed. In

humans, a 7–7.5MHz or a 10MHz probe with a standoff

pad is recommended for sonographic imaging.3 The average

size of the human parathyroid gland is similar to that found

in dogs, 5�3�1mm.3 Normal parathyroid glands are sel-

dom identified with CT or ultrasound in humans.3

The ultrasonographic appearance of the parathyroid

glands has been described in animals with hypercalcemia4–8

and it has been suggested in these papers that normal

parathyroid glands in normocalcemic animals are not

seen commonly with ultrasonography.6–9 When seen in a

normal patient, the parathyroid glands have been described

as being anechoic and measuring about 2mm wide.6,9 These

data are derived from equipment less technically advanced

than what is available today. There is one description of the

normal canine parathyroid glands7; but the glands were not

examined grossly or histologically to confirm that the

structures identified were indeed parathyroid glands. Our

purpose was to determine the sonographic appearance

of confirmed normal canine parathyroid glands. Our hy-

pothesis was that high-resolution ultrasound evaluation

would allow identification of the parathyroid gland in

normocalcemic dogs and that they would be hypoechoic

compared with the surrounding thyroid gland.

Materials and Methods

Ten cadaver dogs from local animal shelters were stud-

ied. There were five female and five male dogs. One of the

female dogs was neutered and the remaining dogs were
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intact. Body weight ranged from 33 to 78 pounds. All dogs

were mixed breed dogs, with the majority of the dogs being

mixed with Labrador Retrievers, German Shepherd Dogs,

and Pit Bull Terriers. All dogs were classified as adult dogs

(none had deciduous teeth present).

Venous blood was acquired within 1–3h after euthana-

sia for laboratory quantification of urea nitrogen, creati-

nine, phosphorus, calcium, electrolytes, and parathyroid

hormone levels.

Ultrasound examinations were performed within 6 h of

euthanasia and the cadavers were chilled until time

of examination. The cervical region was clipped, cleaned,

and examined using a VF 13–5MHz linear array probe

and a Siemens Antares ultrasound machine.� The ultra-

sound machine calipers were calibrated before the study.

The cervical region was examined from the laryngeal area

caudally to the thoracic inlet with the dog in right and left

recumbency. The thyroid gland and potential parathyroid

glands were imaged in sagittal and transverse planes.

The following descriptions were made for each parathy-

roid gland: (1) echogenicity compared with the thyroid

gland, (2) general position of the parathyroid gland com-

pared with the thyroid gland, (3) length of the parathyroid

glands measured from cranial aspect to caudal aspect as

well as orthogonal transverse measurements recorded as

width and height, (4) observed grading scale measurement,

and (5) general shape and measurement from the cranial

tip of the parathyroid gland to the cranial tip of the thyroid

gland. The observed grading system included a scale from 0

to 4, with 0¼ parathyroid gland not seen, 1¼poor iden-

tification in one plane (sagittal or transverse) and a poorly

defined margin, 2¼ adequate identification with an ade-

quate defined margin, but only in one plane, 3¼moder-

ately easy identification in both planes with moderately

defined margins, 4¼ easy identification, seen in both planes

with clearly defined margins.

After imaging, the neck was dissected and the parathy-

roid glands and thyroid gland inspected by the ultrasonog-

rapher. The thyroid and parathyroid glands were reimaged

in situ with the 13–5MHz ultrasound probe to verify the

position of the parathyroid gland before tissue processing

for histopathologic examination. These images were not

used in the analysis since the parathyroid glands could

generally not be identified due to the small size and near

field artifact from the probe.

A board certified pathologist harvested the parathyroid

and thyroid glands and recorded the anatomic position of

the parathyroid glands as compared with the thyroid

gland. Parathyroid glands length measured from the long-

est axis as well as orthogonal transverse measurements

were made. An observed grading scale measurement, and

general shape were recorded. Any distinct structure that

was closely associated with the thyroid gland, including

large thyroid lobules, were dissected free, measured in a

similar manner and processed for histologic examination.

Other descriptions of the parathyroid and thyroid glands

were also made by the pathologist, such as parathyroid

gland location relative to vasculature, amount of adipose

tissue surrounding the region, whether cystic structures

were noted near adjacent to the parathyroid gland and

adjacent to or within thyroid gland. Measurements

and descriptions made by the ultrasonographer and the

pathologist were then compared. The parathyroid gland

was positively identified with ultrasonography if the mea-

surement of the tip of the thyroid gland to the tip of the

parathyroid gland was within 4mm of the gross measure-

ment and/or if the description of the location of the para-

thyroid gland was the same with ultrasonography as

grossly. All sonographically identified parathyroid glands

were assessed histopathologically.

Statistical analysis was performed using Sigma Stat.w A

Mann–Whitney rank sum test was used for evaluating ul-

trasound measurements compared with gross measure-

ments in the transverse plane (width and height). For the

length measurement, Student’s t-test was used since the

data passed the normality and equal variance tests. Statis-

tical significance was defined as Po0.05. Positive and neg-

ative predictive values as well as sensitivity and specificity

were evaluated using standard equations.

Results

Urea nitrogen was normal in all dogs, creatinine was low

in one dog, phosphorus was high in nine dogs, with a mean

of 10.1 and a range of 7.6–14mg/dl in the abnormal dogs.

Parathyroid hormone level was low in two dogs (both

1.8pmol/l) and high in one dog (16.7pmol/l) (normal

range¼ 3–13mol/l). The total calcium was low in one dog

(8.6mg/dl) and low normal in one dog (9.8mg/dl) (normal

range¼ 9.2–11.6mg/dl). One dog was presumed to have

secondary nutritional hyperparathyroidism as there were

easily breakable ribs at necropsy and a high parathyroid

hormone level but no biochemical, gross, or histologic evi-

dence of renal disease. This patient did not have an abnor-

mal mandible or maxilla and the teeth were firmly rooted.

All tissue presumed to represent a parathyroid gland

based on ultrasonography was anechoic or hypoechoic

to thyroid tissue (Fig. 1). All presumed parathyroid

glands were oval to round. There was no sonographic

evidence of adjacent parathyroid cysts. Microscopic para-

thyroid cysts were found in three dogs; these were not

visible using sonography.

All structures identified sonographically as a parathy-

roid gland, regardless of whether they were truly a

�Siemens Medical Solutions, Malvern, PA. wSystat Software Inc., San Jose, CA.
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parathyroid gland, scored 3 or 4 on the grading system.

There were 35 presumed parathyroid glands identified

sonographically, of which 26 were confirmed to be of para-

thyroid origin (positive predictive value of 74%). There were

39 confirmed parathyroid glands identified by the pathol-

ogist and all had a normal appearance. Thus the total

number of parathyroid glands identified correctly by ultra-

sonography was 26 of 39 (67%) (sensitivity of 90%, spec-

ificity of 10% and negative predictive value of 25%) (Fig. 2).

Two dogs had extra parathyroid tissue confirmed grossly;

one had three parathyroid glands on each side the other had

three parathyroid glands on the right side. Three dogs had

less than two parathyroid glands per side; two dogs had one

parathyroid gland on the right side and one had one para-

thyroid gland on both the right and left sides.

The average sonographic length of histologically con-

firmed parathyroid glands was 3.4mm (range 2.1–7.6mm)

and the average gross length was 3.6mm (range 1.3–

5.5mm). The average ultrasonographic width was 2.3mm

(range 1.3–3.3mm) and the average gross width was 2.6mm

(range 1.3–3.7mm). The average ultrasonographic height

was 1.7mm (range 0.9–3.1mm) and the average gross

height was 1.6mm (range 0.6–2.6mm). The ultrasound and

gross measurements were not statistically different. When

the dog suspected of having secondary nutritional hyper-

parathyroidism is excluded from the measurements, the

mean sonographic parathyroid length was 3.3mm, mean

ultrasonographic width was 2.2mm, and mean sonographic

height was 1.7mm compared with mean gross length,

width, and height of 3.7, 2.6, and 1.6mm, respectively.

Five of the 35 (14%) structures identified sonographi-

cally as a parathyroid gland were confirmed histologically

as thyroid lobules. The thyroid gland often has a finely

lobulated pattern over much of the surface (Fig. 3A). Thy-

roid lobules were grossly visible isolated tissue that was

separated from adjacent thyroid tissue by thin fibrous

septa, which had the same histologic appearance as normal

thyroid tissue. These lobules were attached to the surface of

the thyroid gland by connective tissue; however, the

thyroid lobules were distinctly isolated tissue that could

be dissected free from the thyroid gland. Several of these

thyroid lobules were partially embedded in adipose tissue

adhered to the thyroid gland (Fig. 3B, C). Seven (70%)

dogs had thyroid lobules that could be dissected from the

thyroid gland (Fig. 3). Three of these dogs (43%) had

bilateral thyroid lobules and four (57%) had unilateral

Fig. 1. Longitudinal (A) and transverse (B) sonogram of the parathyroid glands. The external and internal parathyroid glands can be seen on the
longitudinal image, outlined by the measurement calipers. In the transverse image, note the location of the thyroid gland between the esophagus and the trachea
with the parathyroid gland outlined by measurement calipers. (A)—cranial is to the left of the image, (B)—lateral (right) is to the left of the image.

Fig. 2. Gross specimen (A) and longitudinal sonogram (B) of a thyroid gland. In (A) the parathyroid gland is surrounded by a small amount of adipose
tissue (arrow). In (B) the margin of the hypoechoic parathyroid gland (calipers), located within the thyroid gland (arrows) correlates in size to that seen in (A).
In both images, cranial is to the left.
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thyroid lobules. The number of thyroid lobules per thyroid

gland ranged from zero to four, with two dogs having no

thyroid lobules. The average length of the thyroid lobules

was 2.3mm (range 1.0–5.5mm), average width was 1.6mm

(range 0.8–2.8mm), and average height was 0.8mm (range

0.4–2.1mm).

Four of the 35 (11%) structures identified sonograph-

ically as parathyroid glands could not be found grossly or

histologically and their true identity was not determined.

One dog had a thyroid cyst surrounded by a large amount

of adipose tissue (Fig. 4A), which appeared sonographi-

cally as an anechoic structure just cranial to the thyroid

gland; this structure was not considered parathyroid tissue

during the examination (Fig. 4B).

Briefly, three dogs had lymph node tissue in adipose

tissue adjacent to the capsule of the thyroid gland. In one

of these dogs, this lymphoid tissue was small and nodular

and measured between 3.0 and 6.2mm. These lesions were

not classified as parathyroid tissue sonographically since

the structure was outside of the thyroid gland.

At necropsy, two dogs had mild to moderate multifocal

granulomatous interstitial nephritis and one dog had nem-

atode larvae within the granulomas. One dog had mild

unilateral lymphoplasmacytic and neutrophilic pyelitis with

focal lymphoplasmacytic interstitial nephritis in the oppo-

site kidney. One dog had mild to moderate bilateral,

lymphoplasmacytic interstitial medullary nephritis, and

pyelitis. Five dogs had adult heartworms in the main pul-

monary artery and right ventricle. One dog had multifocal

mammary gland necrosis and was postparturient.

Discussion

There are multiple structures as well as ultrasound ar-

tifacts that can be misinterpreted as parathyroid tissue

or cause parathyroid tissue to not be identified with ultra-

sonography. These structures include hemorrhagic cysts,

thyroid cysts, parathyroid cysts, follicular adenomas,

colloid cystic nodules, lymphoid tissue and vasculature,

and ultrasound artifacts such as edge shadowing.1,6,10–14

Some other reasons why a parathyroid gland might not be

identified with ultrasonography include tissue that is

isoechoic to the thyroid gland, ectopic location of para-

thyroid tissue, tissue that lies deep to trachea, or tissue that

is too small to distinguish. In this study, the structure most

commonly misinterpreted as parathyroid tissue was a thy-

roid lobule, which is normal thyroid tissue that is separated

from the normal thyroid gland by a connective tissue septa.

In people, thyroid lobules are formed where the inferior

and superior thyroid arteries course within a fibrous

septa between structural lobes.15 In humans, however, few

thyroid lobules appeared grossly and ultrasonographically

like parathyroid tissue.

Thyroid lobules were identified in seven of the 10 dogs in

this study. Lobular separations of thyroid tissue along the

surface may be a normal variation in the dog, similar to that

Fig. 3. Various appearances of thyroid lobules. (A) Note the fine reticular pattern created by the connective tissue septa, and a small lobule (arrow). The
parathyroid gland is at the right aspect of the image (circle). In (B) there is a larger thyroid lobule surrounded by adipose tissue (arrow). In (C) there is a cluster
of three small thyroid lobules (arrows) within the thyroid parenchyma. In all images, cranial is to the left.

Fig. 4. Photograph of the right thyroid gland (A) compared with the corresponding sonogram (B). A thyroid cyst that was surrounded by adipose tissue was
seen on ultrasound (circle), but appears separate from the thyroid gland parenchyma outlined by arrows. In all images, cranial is to the left.
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described in people.15 In some dogs, thyroid nodules may be

due to nodular hyperplasia, which can be an incidental

finding in older animals.16 Thyroid loblues in the dog can be

white to tan and do not usually compress the adjacent

thyroid tissue.16 The variation in echogencity of the thyroid

lobule may be secondary to increased vacuoles or cellular

homogeneity, causing less sound to be reflected. This would

create the well margined, hypoechoic regions that were

confused with parathyroid tissue. Since these thyroid lob-

ules are normal thyroid tissue, they were isoechoic, in most

instances, to the remaining thyroid parenchyma and there-

fore not identified as a separate structure. Nodular thyroid

hyperplasia is a common finding in people living in third

world countries due to nutritional deficiency.17 This may

also be true in these dogs, as they were all from the local

shelter and their prior history was unknown.

In living subjects, color Doppler may have been beneficial

for parathyroid identification because it would aid in differ-

entiating the parathyroid gland from the cranial thyroid ar-

tery. Color flow Doppler was not used in our study, as the

patients were deceased. Another source of measurement er-

ror could occur between ultrasound and gross necropsy is

tissue movement of loosely associated external parathyroid

glands. This was the reason that the tip of the parathyroid to

the tip of the thyroid gland measurement was not solely used

as our measurement and actually descriptions of the loca-

tion as well as the actual measurements of the parathyroid

glands were also used to make a positive correlation.

The mean parathyroid length, excluding the dog sus-

pected of having hyperparathyroidism, was 3.4mm, which

is similar to a previously reported value of 3.3mm.8 This,

however, is larger than reported for hypercalcemic patients,

where neoplastic parathyroid tissue was 44mm in length,

hyperplastic tissue was between 2 and 4mm in length, and

normal parathyroid glands were o2mm, or not seen.8 In

this study, histologically normal parathyroid glands mea-

sured up to 7.6mm in length sonographically and up to

5.5mm in length grossly. This discrepancy between ultra-

sonographic and gross measurements may be an artifact of

measuring with ultrasound. The smallest parathyroid gland

seen with ultrasound was 2.1mm, while a 1.3mm para-

thyroid gland was found grossly. Therefore, the previously

reported size limits for normal parathyroid glands are

likely underestimated and a normal parathyroid gland may

measure up to 7.6mm in length.

The ultrasonographic distinction between neoplastic,

hyperplastic, and normal parathyroid glands is unclear and

an assessment of all parathyroid glands in a particular pa-

tient as well as hematologic data, including a thyroid panel,

is needed before deciding upon surgical removal or ethanol

ablation of a parathyroid gland. Advancement in ultra-

sound technology may be the source of the discrepancy

between results from the previous study and this study.

Four dogs had renal changes as necropsy but no eleva-

tion in serum creatinine. However, these renal lesions could

be a sign of abnormal renal function, which could affect

the parathyroid gland. Half of the dogs were heartworm

positive, which has no known association with parathyroid

function. Despite these abnormalities, no changes in para-

thyroid hormone levels were identified.

In addition, the increased phosphorus level in all dogs is

a confounding factor. Since blood was obtained at some

time after euthanasia, this may be a postmortem abnor-

mality. Euthanasia was performed using carbon monoxide.

Therefore, hypoxia-induced rhabdomyolysis, as well as

acute lactic acidosis, can both contribute to hyper-

phostatemia as phosphate shifts from the cells into the

blood. Phosphate control of the parathyroid gland is not

known, but it may stimulate parathyroid hormone secre-

tion.18 Since no elevation in parathyroid hormone was de-

tected in any animal except the dog with nutritional

hyperparathyroidism based, the importance of the hyper-

phosphatemia is not known.

The dog with hyperparathyroidism had an average sono-

graphic parathyroid length of 3.7mm and an average gross

parathyroid length of 3.6mm, which was only slightly above

the total average. The largest parathyroid gland measure-

ment in this dog was 4.4mm with ultrasonography and

4.6mm grossly. This was not the largest parathyroid gland

identified with ultrasound or grossly. Thus, there might be

an overlap in parathyroid gland size in normal patients and

those with hyperplasia but more data are needed.

In conclusion, most parathyroid glands can be identified

sonographically in normocalcemic dogs using a high res-

olution, linear array probe. The main confounding factor

with regard to parathyroid sonography is that thyroid

lobules have the same location and appearance as either

the internal or external parathyroid gland, both grossly

and sonographically. Therefore, cytologic sampling is

needed to confirm that a suspected parathyroid lesion is

indeed parathyroid and not a thyroid lobule.
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