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Abstract Although the sensitivity of preoperative local-

ization techniques is high for solitary parathyroid

adenomas, negative imaging study results are inevitable.

The weight and location of the parathyroid adenoma may

contribute to the negative results. We aimed to study the

impact of adenoma weight and ectopic location of the

parathyroid adenoma on ultrasonography and sestamibi

scan results.The patients were divided into two groups

according to adenoma location. Group 1 consisted of 36

patients with ectopic location, and group 2 consisted of 149

patients with normal location. Parathyroid adenoma weight

and the results of imaging studies were determined in all

patients.Of 185 patients operated on for hyperparathy-

roidism, 36 (19.4%) had ectopic parathyroid glands. There

was a positive correlation between adenoma weight and

positive imaging studies, whereas ectopic location did not

correlate with negative imaging study results. There was no

significant difference between the ectopic adenoma ratio of

patients with negative and positive imaging study results.

The weight of the ectopic parathyroid adenoma was sig-

nificantly lower in patients with negative imaging study

results than in patients with positive imaging study results

(p = 0.001). According to the analysis of variance, patients

with higher-weight adenomas have positive imaging study

results irrespective of ectopic location.For both normal and

ectopic adenoma locations, adenoma weight was found

only to be a factor that positively influences imaging study

results.

Primary hyperparathyroidism (pHPT) is a common endo-

crine disorder that occurs in approximately one in every

500 women and one in every 2000 men over the age of 40

years [1]. Although a solitary adenoma is responsible for

hyperparathyroidism in 80% to 85% of patients, multiple

glands (i.e., either multiple adenomas or hyperplasia) are

involved in 15% of patients [1, 2].

Bilateral neck exploration has traditionally been con-

sidered the gold standard for treating patients with pHPT

[3]. During the last decade, with the improvement of pre-

operative localization techniques and the rapid parathyroid

hormone assay, minimally invasive surgery has been

advocated for the treatment of pHPT. The success of

minimally invasive surgery, however, depends on accurate

preoperative localization of parathyroid adenomas [4, 5].

Ultrasonography (US) and sestamibi (MIBI) are cur-

rently the most widely used preoperative localization

modalities. The sensitivity of US and MIBI identification

of parathyroid adenomas ranges between 70% and 90%

[6, 7]. Although the sensitivity of US and MIBI are high for

solitary parathyroid adenomas, negative results of imaging

studies are inevitable [8, 9]. The weight, localization,
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P-glycoprotein expression, and oxyphil cell content of the

parathyroid adenoma may contribute to negative results of

imaging studies [10–15]. US is favored because of its low

cost, convenience, lack of radiation exposure, and ability to

evaluate concomitant thyroid nodules; however, it may fail

to detect ectopic parathyroid adenomas [7, 12]. Several

studies documented that MIBI has higher sensitivity than

US for detecting ectopic parathyroid adenoma [8, 14, 15].

To our knowledge, there have been no studies compar-

ing the effect of adenoma weight and ectopic location on

parathyroid adenoma preoperative imaging studies. We

aimed to study the relation of parathyroid adenoma weight

and ectopic location to the results of US and MIBI.

Materials and Methods

Patients

We performed a retrospective study from 2000 to 2007 that

included 251 consecutive patients with pHPT who under-

went bilateral neck exploration in the Department of

General Surgery at the Istanbul Medical Faculty. The data

from 185 patients were analyzed. The remaining 66

patients were excluded because of imaging studies per-

formed at another institution (n = 14), parathyroid

hyperplasia (n = 11), false-positive scans (n = 28),

incomplete data (n = 9), or an ectopic location outside the

neck (mediastinum) (n = 4). The patients were divided

into two groups according to the parathyroid adenoma

localization. Group 1 consisted of 36 (19.4%) patients with

an ectopic location, and group 2 consisted of 149 (80.6%)

patients with a normal location. In all patients, serum

calcium and parathyroid hormone (PTH) levels were

measured preoperatively. Serum calcium concentration

was adjusted for serum albumin. Normal ranges of bio-

chemical parameters were 8.5 to 10.5 mg/dl for serum

calcium and 10 to 65 pg/ml for serum PTH concentrations.

The study plan was reviewed and approved by our insti-

tutional ethics committee.

MIBI Parathyroid Imaging

A dual-head gamma camera system (ADAC Vertex Plus;

ADAC Laboratories, Milpitas, CA, USA) was used for

parathyroid imaging. The image matrix was

246 9 256 9 8. For the dual phase methoxyisobutyliso-

nitrile (MIBI) study, 20 mCi 99mTc-MIBI was administered

intravenously. Fifteen minutes after injection, the first

image of the neck was acquired for 10 minutes. Then, a

second image targeting the mediastinum was obtained for

10 minutes. These two images were repeated at the first and

second hours. The same nuclear medicine physician

reviewed and interpreted all of the scintigraphic images.

Parathyroid Ultrasonography

Neck US examinations were performed by the same skilled

operator with a digital US scanner equipped with a 11.4-

MHz linear transducer (Sonoline Antares, Siemens, Er-

langen, Germany). The US examination was performed

with the patient in a supine position with the neck exten-

ded, including the central neck from the subclavian vein to

the submandibular glands, using the thyroid gland as a

reference point. Enlarged parathyroid glands were recog-

nized as a homogenously echogenic structure with less

echogenecity than the thyroid gland.

Surgery

Bilateral neck exploration was performed through a stan-

dard collar incision with the goal of identifying at least four

parathyroid glands; and parathyroid adenomas were

excised. An ectopic inferior parathyroid gland was defined

as a gland in a location other than on or immediately

adjacent to the anterior or posterolateral surface of the

inferior pole of the thyroid gland. An ectopic superior

parathyroid gland was defined as a gland in a location other

than juxtacricothyroidal posteriorly or within the capsule of

the posterior surface of the superior pole of the thyroid

gland [16, 17]. We confidently identified the ectopic

superior versus inferior parathyroid glands, as all of our

patients underwent bilateral neck exploration with the

identification of all glands (at least four glands). The

location of an ectopic parathyroid gland was classified as

submandibular, retropharyngeal, retroesophageal, intra-

thyroidal, within the tracheoesophageal groove, carotid

sheath, thyrothymic ligament, or intrathymic. The ana-

tomic location of ectopic parathyroid adenomas was

determined from operative reports and compared to the

preoperative imaging study results. The weights of all

removed parathyroid adenomas were noted.

Statistics

Data were analyzed using SPSS 11.0 for Windows. Results

were expressed as means ± SD. Data comparisons were

performed by Mann Whitney U-test and chi-squared test.

Correlation analyses were performed using nonparametric

Spearman’s correlation and two-way analysis of variance

(ANOVA) tests. Results were considered statistically sig-

nificant when p \ 0.05 (two-tailed).
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Results

Patients

The mean age of the whole group was 47.5 ± 12 years

(range 22–77 years). The female/male ratio was 7.4:1.0

(n = 163/22). The mean serum calcium and PTH levels

were 12.1 ± 1 mg/dl and 523.16 ± 465 pg/dl, respec-

tively. The mean adenoma weight was 2304.73 ± 3865 mg

(range 110–22,000 mg).

Evaluation of Ectopic Location

Of 185 patients operated on for hyperparathyroidism, 36

(19.4%) had ectopic parathyroid glands. Ectopic inferior

glands (n = 24; 66.6%) were intrathymic (n = 11; 45.8%)

and were found within the thyrothymic ligament (n = 13;

54.2%). Ectopic superior glands (n = 12; 33.3%) were in

the tracheoesophageal groove (n = 3; 25%), carotid sheath

(n = 4; 33.3%), intrathyroidal (n = 3; 25%) and para-

esophageal (n = 2; 16.6%). The mean age was 48.6 ± 16

years in group 1 (ectopic location) and 47.3 ± 10 years in

group 2 (normal localization), p [ 0.05. The female/male

ratio was 33:3 and 130:19 in groups 1 and 2, respectively,

p [ 0.05. There was not a significant difference between

preoperative serum calcium and PTH levels, and adenoma

weight of groups 1 and 2 (12.4 ± 0.9 mg/dl, 526 ± 367 pg/

dl, and 2242 ± 3688, respectively vs. 12.0 ± 1.0 mg/dl,

522 ± 487 pg/dl, and 2319 ± 3918, respectively;

p [ 0.05).

Correlations

The ectopic location did not correlate with preoperative

serum PTH and Ca levels or adenoma weight (rs = 0.063,

p = 0.397; rs = 0.141, p = 0.060; and rs = 0.027,

p = 0.715, respectively). There was a positive correlation

between adenoma weight and positive US results (rs =

0.629, p = 0.0001), as well as between the adenoma

weight and positive MIBI results (rs = 0.745, p = 0.0001)

(Fig. 1).

Results of Imaging Studies According to Ectopic

Location

In the patients with an ectopic location, US was negative in

11 (30.5%) and positive in 25 (69.5%) patients. There was

no significant difference between serum Ca and PTH levels

in patients with negative and positive US results

(12.3 ± 0.8 vs. 12.5 ± 0.9 mg/dl and 503.09 ± 281.0 vs.

536.12 ± 404.0 pg/ml, p [ 0.05). In the patients with

negative US results, the mean parathyroid adenoma

weights (376.54 ± 177.0 mg) were significantly lower

relative to the patients with positive US results

(3063.16 ± 4186.0 mg) (p = 0.001) (Fig. 2a).

In patients with an ectopic location, MIBI was negative

in 9 (25%) and positive in 27 (75%) patients. There was no

significant difference between serum Ca and PTH levels in

the patients with negative and positive MIBI results

(12.1 ± 0.8 vs. 12.5 ± 0.9 mg/dl and 513.55 ± 308 vs.

530.18 ± 390 pg/ml, p [ 0.05). The mean parathyroid

adenoma weight was significantly lower in patients with
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Fig. 1 (a) Relation between negative ultrasonography (US) results

and ectopic location. (b) Relation between negative sestamibi (MIBI)

results and ectopic location
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negative MIBI results (306.88 ± 390.0 mg) than in

patients with positive MIBI results (2887.37 ± 4072 mg)

(p = 0.001) (Fig. 2a). There was no significant difference

between the ratio of the successful preoperative localiza-

tion of ectopic parathyroid adenomas using MIBI and US

(69.5% vs. 75%) (p [ 0.05).

Evaluation of Positive and Negative Imaging Studies

In patients with parathyroid adenoma, US was negative in

46 (24.8%) and positive in 139 (75.2%) patients. There was

no significant difference between serum Ca and PTH levels

in patients with negative and positive US results

(11.8 ± 1.0 vs. 12.2 ± 1.0 mg/dl and 523.78 ± 519.0 vs.

522.95 ± 448.0 pg/ml, p [ 0.05).

In the patients with parathyroid adenoma, MIBI was

negative in 41 (22%) and positive in 144 (78%) patients.

There was no significant difference between serum Ca and

PTH levels of the patients with negative and positive MIBI

results (11.9 ± 1 mg/dl vs. 12.1 ± 1 mg/dl and

455.17 ± 519 pg/ml vs. 542.52 ± 498 pg/ml, p [ 0.05).

In the patients with negative US and MIBI results, the

mean parathyroid adenoma weights (1689 ± 1840 and

1689 ± 1840 mg, respectively) were significantly lower

than in patients with positive US and MIBI results

(513 ± 297 and 1689 ± 1840 mg, respectively)

(p = 0.001) (Fig. 2b). There was no significant difference

between the ectopic adenoma ratio of the patients with

negative and positive US (23.9% vs. 17.9%) and MIBI

results (21.9% vs. 18.7%) (p [ 0.05).

Analysis of Variance

According to two-way ANOVA, positive US and MIBI

results increased with an increase in adenoma weight

(p = 0.001 and p = 0.001, respectively), but positive US

and MIBI results decreased with the decrease adenoma

weight (p = 0.001 and p = 0.001, respecitvely), indepen-

dent of the ectopic adenoma localization (Fig. 3). Patients

with higher-weight adenomas have positive US and MIBI

results irrespective of ectopic location. Adenoma weight

was found to be the only independent factor that positively

influence imaging study results.

Follow-up

The criteria for success of the operative approaches included

follow-up serum calcium and PTH levels. Eleven patients

(5.9%) were lost to follow-up. The mean follow-up period of

the patients was 33 ± 23 months (range 3–84 months).

During this follow-up, two patients (1%) were suspected of

having recurrent disease with elevated serum PTH levels.

Eleven patients with parathyroid hyperplasia were excluded

from this study. Of the 11 patients, 4 patients with previously

failed operations were referred to us for recurrent hyper-

parathyroidism. We had two patients of our own that were

operative failures; they were thought to have double ade-

nomas that were not detected during the initial surgery.

Discussion

We compared the effects of adenoma weight and the

ectopic location of parathyroid adenoma with the results
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Fig. 2 (a) Weight of ectopic parathyroid adenomas according to

negative and positive imaging studies. (b) Adenoma weight of the

overall patients according to negative or positive imaging studies
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of US and MIBI. The incidence of ectopic parathyroid

adenoma was found to be 19.4%, and the inferior

parathyroid adenomas accounted for most of the ectopic

adenomas. Among our patients with ectopic parathyroid

adenomas, we observed a higher incidence of ectopic

adenomas in the thymus and thyrothymic ligament.

There was a positive correlation between adenoma

weight and positive imaging studies, whereas the ectopic

location did not correlate with preoperative serum PTH

or Ca levels, adenoma weight, or negative imaging study

results. As the parathyroid adenoma weight increased, it

significantly correlated with positive US and MIBI

results, independent of the ectopic location. For both

normal and ectopic adenoma locations, adenoma weight

was found to be the only factor that positively influenced

imaging study results.

The use of preoperative imaging studies for patients

undergoing initial neck exploration for hyperparathyroid-

ism is controversial [3, 4]. Recently, as a result of

improved preoperative localization techniques and the

rapid PTH assay, minimally invasive surgery has been

advocated for pHPT treatment [4, 5, 18–20]. The success of

this surgery for pHPT depends on accurate preoperative

localization of parathyroid adenomas. Preoperative locali-

zation is essential for the safety and efficacy of surgery,

particularly in the present era of minimally invasive sur-

gery [4, 21, 22].

During embryogenesis, the upper and lower parathyroid

glands descend into the neck. As a result, 20% of para-

thyroid glands are found in ectopic locations [23, 24]. We

found that the incidence of ectopic parathyroid adenoma

was 19.4%. The inferior parathyroid glands comprise most

of the ectopic glands. Ectopic inferior parathyroid glands

are due to abnormal migration during embryogenesis,

whereas ectopic superior parathyroid glands are likely due

to pathologic displacement from a normal anatomic posi-

tion. The most common site of an ectopic inferior

parathyroid gland is intrathymic, and the most common site

of an ectopic superior parathyroid gland is within the tra-

cheoesophageal groove. Ectopic parathyroid glands result

from failed parathyroid exploration and increase morbidity

[13, 23, 24].

The accuracy of parathyroid adenoma localization by

US varies as a function of the size and location of the

adenoma; location in the substernal, retrotracheal, and

retroesophageal spaces entails poor sensitivity due to

acoustic shadowing from overlying bone or air [7, 12].

Intrathyroid adenomas are usually hypoechoic but can be

distinguished accurately from thyroid nodules by fine-

needle aspiration biopsy. Parathyroid adenomas within the

carotid sheath mimic enlarged cervical lymph nodes.

Ectopic parathyroid glands are the most common reason

for a false-negative US examination [7, 12, 25]. US is less

effective than scintigraphy in patients who have ectopically

located abnormal parathyroid glands [12, 25]. However, we

discovered that MIBI was not superior to US in detecting

ectopic parathyroid adenomas. There was no significant

difference between the ectopic adenoma ratio in patients

with negative and positive imaging study results.

The overall uptake in abnormal parathyroid glands is

linked to blood flow, gland size, localization, and mito-

chondrial activity [6, 10, 26, 27]. Although the advantage

of MIBI is its ability to detect ectopic parathyroid adeno-

mas, the addition of single-photon emission computed

tomography (SPECT) imaging considerably improved the

localization of adenomas in the retroesophageal space [6].

An 81% sensitivity for detection of an ectopic parathyroid

adenoma using MIBI is comparable to the 82% sensitivity

for detection of all parathyroid adenomas reported in a

Fig. 3 Analysis of variance. (a) Positive US results decreased with

decreased adenoma weight (p = 0.001) independent of the ectopic

location. (b) Positive MIBI results decreased with decreased adenoma

weight (p = 0.001) independent of the ectopic location
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recent meta-analysis [27]. However, the effect of ectopic

adenoma weight on MIBI results was not evaluated in that

study. In the present study, the mean parathyroid adenoma

weights were significantly lower for ectopic adenomas with

negative imaging study results than for those with positive

imaging study results. To our knowledge, there have been

no studies comparing the effect of adenoma weight and

ectopic location. Several studies revealed that adenoma

weight is associated with positive imaging study results,

and we also found a correlation between adenoma weight

and positive imaging study results. Patients with higher-

weight adenomas had positive imaging study results, irre-

spective of adenoma localization.

Conclusions

MIBI was not more effective than US in patients with

ectopic small parathyroid adenomas. Patients with higher

gland weight were more likely to have a positive localizing

study, irrespective of ectopic location.
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