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Abstract. Ultrasound is one of the preferred modalities for localization of
abnormal parathyroids. Accuracy of ultrasound is technician-dependent.
This study was undertaken to determine the accuracy of surgeon-
performed ultrasound (SPU) for the localization of parathyroid tumors in
comparison to radiology-performed ultrasound (RPU) and nuclear scin-
tigraphy (NS). In this series 74 consecutive patients with untreated pri-
mary hyperparathyroidism underwent SPU at the initial clinic visit; 21 of
these patients did not undergo surgery and are excluded from the analysis.
Of the 53 patients remaining, RPU was obtained in 26, and 52 patients
underwent NS. Directed parathyroidectomy was performed with use of the
intraoperative parathyroid hormone assay (IOPTH). In all, 46 patients
had a single adenoma as indicated by IOPTH and final pathology. Two
patients had double gland disease, and 5 patients had multi-gland hyper-
plasia. The sensitivity of SPU was 82% and the specificity was 90% in de-
tecting the diseased glands on the correct side (right versus left). The sen-
sitivity for RPU was 42% and the specificity was 92% (n = 26). The
sensitivity of NS was 44% and the specificity was 98% (n = 52). In only one
case did RPU or NS detect a gland not found by SPU. SPU can be done with
accuracy comparable to other ultrasound series in the literature, and it
may be superior to RPU or NS in some institutions. It is important for
surgeons to be aware of local institutional expertise when relying on RPU
and NS during preoperative evaluation prior to directed parathyroidec-
tomy.

Directed parathyroidectomy has become a widely accepted ap-
proach to the treatment of primary hyperparathyroidism [1]. A ma-
jor limitation to the success of directed parathyroidectomy is the
imperfection of preoperative localization techniques [2]. Standard
techniques to localize abnormal parathyroids preoperatively in-
clude ultrasound and nuclear scintigraphy.

The sensitivity of ultrasound for parathyroid localization varies
widely in the literature. It has been reported from 38% to 98%
[3-8]. This has led some investigators to suggest that there is no role
for routine use of ultrasound in patients undergoing initial explo-
ration for primary hyperparathyroidism [4, 9]; others suggest that
all patients should undergo ultrasound prior to initial exploration
[10, 11]. Undoubtedly operator skill, experience, and interest play a
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role in determining the accuracy of ultrasound. Many centers ex-
pert in endocrine disease have experienced radiologists who have
particular interest in these diseases. Many of these same centers are
responsible for reports in the literature documenting the accuracy
of ultrasound and nuclear scintigraphy for parathyroid localization.
Clearly, the results of these highly specialized centers might not
translate to general radiology departments.

As a means to bridge this gap we chose to study the accuracy of
clinician-performed ultrasound. Our rationale was that if inter-
ested clinicians could perform this examination accurately, centers
without expert and interested radiologists could more successfully
perform directed parathyroidectomy. Secondary benefits would in-
clude improved patient convenience and better appreciation of
anatomic localization by the operating surgeon. We hypothesized
that an interested clinician could perform ultrasound for parathy-
roid localization with an accuracy equal to traditional radiology de-
partments. This study was designed to compare the accuracy of sur-
geon-performed ultrasound (SPU) to the literature, and to our
local experience with radiology-performed ultrasound (RPU) and
nuclear scintigraphy (NS) in the localization of parathyroid abnor-
malities.

Materials and Methods

From June 2001 to September 2003, 74 consecutive patients were
evaluated for untreated primary hyperparathyroidism. Previously
operated patients and those with secondary hyperparathyroidism
were excluded from the study. Twenty-one patients who did not
undergo surgery were also eliminated from the study. The decision
against surgery in these patients was not based on imaging studies;
diagnosis was confirmed on the basis of elevated serum I-PTH lev-
els, elevated total and/or ionized serum calcium levels, and normal
to elevated urinary calcium excretion. During the study period, the
senior author (L.K.) transferred to a different institution, so pa-
tients from two different Veterans Affairs hospitals and a university
hospital were included in the study, as were three different radiol-
ogy departments. Data were collated and analyzed retrospectively.

All patients were examined with SPU upon initial visit. In most
cases this was the initial study performed, although some patients
had imaging studies completed prior to referral. The ultrasound
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exam was performed with the patient lying supine with the neck
slightly hyperextended. All SPU scans were performed by the same
surgeon using a 7.5 MHz linear array probe to examine the anterior
neck. Ultrasound units from various manufacturers were used in-
cluding Aloka (Tokyo, Japan), GE (Waukesha, WI), and B-K (Co-
penhagen, Denmark). Multiple images of the structures of the an-
terior neck were obtained in both the transverse and longitudinal
planes. A hypoechoic mass in the appropriate anatomic location
posterior or inferior to the thyroid lobe was considered to be rep-
resentative of a parathyroid adenoma. Presence or absence of a
visualized lesion; size of abnormal lesions in transverse, anteropos-
terior (A/P), and longitudinal dimensions; and other visualized ab-
normalities were recorded.

Radiology-performed ultrasound (RPU) was accomplished with
high-resolution ultrasonography in the radiology department. No
special instructions were given to the radiologist other than a re-
quest to localize abnormal parathyroids. All of these studies were
performed by ultrasound technologists, and static images were sent
to the radiologists for interpretation. Although the clinic ultra-
sound findings were available in the medical record, in most (if not
all) cases the technologists and radiologists were unaware of the
ultrasound results from the clinic.

Radionuclide localization was performed according to the rou-
tine in the various nuclear medicine departments. Single tracer
dual phase scintigraphy was used at all institutions. Patients re-
ceived an intravenous injection of either 925 Mbq or 614 Mbq of
Tc-99m-sestamibi. The neck and upper portion of the thorax were
imaged at 30 minutes and 3 hours in those that received 925 Mbq
and at 30 minutes, 90 minutes, and 3 hours in those that received
614 Mbq. The nuclear medicine staff and radiologists were un-
aware of this study.

Surgery was performed on all patients by the same surgeon
(L.K.). Directed parathyroidectomy was attempted in the standard
surgical fashion on 49 of the 51 patients. Two patients underwent
thyroid lobectomy for concurrent thyroid disease. Adequacy of
parathyroid excision was based on results of an intraoperative para-
thyroid hormone assay (IOPTH) using previously published crite-
ria [12, 13]. The procedure was converted to a bilateral neck explo-
ration if there was no evidence of an abnormal gland upon directed
exploration or if [OPTH level failed to decrease appropriately after
excision of suspected pathological gland(s).

Results

The study included 53 patients, 31 men and 22 women. The mean
preoperative total serum calcium level was 10.8 mg/dl with a range
of 8.8-13 mg/dl (normal range: 8.3-10.3 mg/dl). The mean preop-
erative intact parathyroid hormone (IPTH) level was 152 pg/ml
with a range of 32-311 pg/ml (normal range: 12-72 pg/ml). Postop-
erative mean calcium levels fell to 9.4 mg/dl, with a range of 8.6—
10.1 mg/dl. IPTH levels fell to a mean of 53 pg/ml, with a range of
18.4-100 pg/ml. Operative and pathologic findings revealed 46 pa-
tients with single gland adenomas, one patient with a double ade-
noma, one patient with a concurrent parathyroid cyst and parathy-
roid adenoma, and 5 cases of multigland hyperplasia. The mean
weight of the excised glands was 704 mg (range: 87-3,000 mg)
(Table 1).

All 53 patients underwent preoperative SPU. At least one sus-
pected parathyroid was identified in 47 of 53 (89%) cases. 55 ab-
normal-appearing glands were identified in 47 patients. In the 3
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Table 1. Patient data.

Total no. of patients 53
Sex (Female/male) 22/31
Mean preoperative calcium 10.8 mg/dl (SD = 0.89)

Mean preoperative IPTH 152 pg/ml (SD = 70)
Mean postoperative calcium 9.4 mg/dl (SD * 0.32)
Mean postoperative IPTH 53 pg/ml (SD * 19.59)
Pathology

Single gland adenoma 46

Double gland disease 2

Multi-gland hyperplasia 5
Mean gland weight (mg)

704 mg (SD =+ 646, range 87-3000 mg)
Concurrent thyroid disease 14

IPTH: intact parathyroid hormone; SD: standard deviation.
Normal range: calcium 8.3-10.3; IPTH 12-72.
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Fig. 1. Gland size: surgeon-performed ultrasound (SPU) versus opera-
tion. Regression analysis (solid lines) with 95% confidence interval (broken
lines).

patients with multiple glands identified preoperatively, one had an
adenoma and a concurrent parathyroid cyst and two had only single
adenomas on exploration. No abnormal glands were identified in
six patients. Of the six patients with no identifiable abnormal glands
by ultrasound, four had four gland hyperplasia and two had a single
adenoma. Of these adenomas, one was an ectopic gland found in
the carotid sheath lateral to the carotid artery and posterior to the
clavicular head. This gland was only identified by nuclear scintigra-
phy and was counted as a true positive for that study and false nega-
tives for all other studies. Mean follow-up for this study was 8.3
months. There were no cases of persistent or recurrent hypercalce-
mia.

The average gland weight was 704 mg (range: 87-3000 mg). The
average gland weight for false-negative examinations by SPU was
553 mg (range: 120-2300 mg). The average gland weight for true-
positive examinations by SPU was 723 mg (range: 87-3000 mg).
Gland size was assigned by multiplying greatest A/P X transverse X
longitudinal diameter. This is obviously not a true volume but
rather an index of size. The average gland size identified on SPU
was 1282 mm? [Standard deviation (SD) = 2009], and the average
gland size at pathology was 1642 mm? (SD = 2268). The correlation
coefficient between sonographic size and pathology-measured size
was 0.9294 (p < 0.0001, confidence interval 0.8556-0.9662) (Fig. 1).

Two sets of calculations were performed for the sensitivity and
specificity of each test. The first set addressed the ability of the tests
(SPU, RPU, NS) to identify the appropriate side (right versus left)
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Table 2. Accuracy of imaging studies.
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TP FP FN TN Sensitivity Specificity

Surgeon-performedultrasound (n = 53)

Correct side 46 5 10 45 82% 90%

Correctly named anatomy 42 10 22 138 66% 93%
Radiology-performed ultrasound (n = 26)

Correct side 11 2 15 24 42% 92%

Correctly named anatomy 11 5 19 69 37% 93%
Nuclear scintigraphy (n = 52)

Correct side 24 1 30 49 44% 98%

Correctly named anatomy 24 8 37 139 39% 95%

IPTH: intact parathyroid hormone; SD: standard deviation.
Normal range: calcium 8.3-10.3; IPTH 12-72.

of the diseased gland as confirmed by surgery and pathology. The
second set addressed the ability of the tests to identify the correct
anatomic position—right inferior versus right superior versus left
inferior versus left superior—of the diseased gland as confirmed by
surgery and pathology.

The sensitivity of SPU was 82% and the specificity was 90% in
detecting the diseased glands on the correct side (right versus left).
The positive predictive value was 90% and the negative predictive
value was 82%. The sensitivity of SPU was 66% and the specificity
was 93% in detecting the gland in the appropriate anatomic loca-
tion (right inferior versus right superior versus left inferior versus
left superior) (Table 2). In most cases where the preoperatively
identified gland location did not correlate with the surgically iden-
tified gland location, the glands were correctly identified but incor-
rectly assigned as inferior or superior. The tight correlation be-
tween sonographic size and pathologic size (above) further
confirms correct identification of the pathologic lesion.

A total of 26 patients underwent RPU. The same-side sensitivity
for RPU was 42% and the specificity was 92% (Table 2). Because of
its low sensitivity, RPU was abandoned after the initial 26 patients;
RPU did not identify any glands that were not identified by SPU.

Nuclear scintigraphy was performed on 52 patients. One patient
with concurrent thyroid cancer and a parathyroid adenoma easily
identified on SPU did not undergo nuclear scintigraphy. The sen-
sitivity of the parathyroid scan was 44% and the specificity was 98%
(Table 2).

In most cases (32 out of 53), SPU preceded other imaging mo-
dalities, but in some cases an imaging study preceded referral to the
surgeon. In the cases where a radiology study preceded SPU, the
surgeon-performed study correctly identified the gland found at
operation in 86% of the cases. In those cases where the SPU was
performed first, 74% of the examinations correctly identified the
gland found at operation. These results were not found to be sta-
tistically significantly different (p = 0.33).

Fourteen patients were noted to have concurrent thyroid disease
either by ultrasound or at the time of operation. The sensitivity of
SPU to identify disease on the correct side (right versus left) in the
presence of thyroid disease was 80%, and the specificity was 92%.
The sensitivity of SPU to detect disease on the correct side in the
absence of thyroid disease was 83%, and the specificity was 89%.
The sensitivity of SPU to detect disease in the appropriate ana-
tomic location in the presence of thyroid disease was 61%, and the
specificity was 95%. The sensitivity of SPU to detect disease in the
appropriate anatomic location in the absence of thyroid disease
was 67%, and the specificity was 93% (Table 3). There was no sta-
tistical difference with regard to the sensitivity of SPU with concur-

Table 3. Effect of thyroid disease on surgeon-performed ultrasound

Thyroid disease (n = 14)

Sensitivity (correct side) 80%

Sensitivity (correctly named anatomy) 61%
No thyroid disease (n = 39)

Sensitivity (correct side) 83%

Sensitivity (correctly named anatomy) 67%

rent thyroid disease versus the sensitivity in the absence of thyroid
disease (p = 0.6).

Discussion

Ultrasound machines (Fig. 2) are being widely marketed to sur-
geons and other clinicians. While relatively new to general surgery,
ultrasound has been used for many years by other non-radiology
specialties such as obstetrics and cardiology. Although the equip-
ment is readily available, there are few data regarding the accuracy
of examinations performed by general surgeons. Such studies
would be potentially helpful in addressing credentialing issues
raised as surgeons begin to perform ultrasound examinations. We
undertook this study to determine if our ultrasound examinations
were as accurate as those performed by our local radiologists and
those reported in the literature.

At our institutions SPU was a superior technique for localizing
abnormal parathyroids than either RPU or nuclear scintigraphy.
There is a broad range of sensitivity reported in the literature, but
our results are in general agreement with the best reported series.
We believe that this finding supports the notion that clinicians, in-
cluding surgeons, can proficiently perform ultrasound examina-
tions for specific indications.

In our radiology departments, ultrasound was significantly infe-
rior both to the SPU results on the same patients and to the results
reported in the literature. There is an obvious potential explanation
for this. It is widely noted that ultrasonography is technician-
dependent. While high-volume endocrine surgery centers often
have radiologists and sonographers with interest and expertise in
this field, many endocrine surgeons must rely on radiology depart-
ments whose main expertise lies in other areas. Our radiology de-
partments, while generally excellent, did not have the resources re-
quired to become expert in this rather limited field. It is not
doubted that these and many other radiology departments could
obtain superior results given the resources to focus attention in this
area.

While RPU was abandoned during the course of this study,
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nuclear scintigraphy was not. Although our results were less satis-
factory than often reported in the literature [14-17] and less sensi-
tive than SPU, scintigraphy occasionally added valuable informa-
tion. Nuclear scintigraphy can identify ectopic parathyroids in the
neck and upper thorax and can potentially clarify equivocal find-
ings on ultrasound [15, 18]. In one patient in particular with an
ectopic parathyroid adenoma in the carotid sheath posterior to the
clavicular head, nuclear scintigraphy was very helpful when ultra-
sound failed to localize the abnormal gland. Our findings are in
general agreement with those of Arici et al., who concluded that
concordance between ultrasound and nuclear scintigraphy was
highly accurate for detecting solitary adenomas [19].

In this study the sensitivity and specificity of SPU were not influ-
enced when other localization tests were performed earlier. More-
over, the presence of concurrent thyroid disease did not statistically
alter the effectiveness of SPU. However, at least the occasional pa-
tient will have thyroid nodules with sonographic characteristics that
make ultrasound especially difficult.

The inability of ultrasound to correctly identify multigland dis-
ease was again noted in our series. No patient with multigland dis-
ease was correctly identified preoperatively. However, it should be
noted that in two patients with hyperplasia all four identified glands
were roughly normal in size. Both of these patients were cured with
subtotal parathyroidectomy, suggesting there was not a missed fifth
gland adenoma.

Ultrasound for parathyroid localization is easily learned and
generally takes less than 10-15 minutes to perform. In our hospital
and many others, RPU examination requires scheduling the proce-
dure at a later date with a subsequent office visit for follow-up. The
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Fig. 2. Representative ultrasound
examinations. Panels A and C are
in the transverse plane; panels B
and D are in the sagittal plane.
Panels A and B show a small right
inferior parathyroid adenoma.
Panels C and D show a large ledt
superior parathyroid. The identity
of the two lesions was confirmed at

surgery.

added convenience to the surgeon and the patient of having the
study performed immediately at the time of initial evaluation can-
not be overemphasized. The added time in clinic is feasible for
many, but not all, surgeons. For certain high-volume clinics, the
surgeon time required for ultrasound might not be cost-effective.
Training in ultrasound is available through the American College
of Surgeons, among other organizations. Because the technique is
thought to be harmless, it can be practiced on volunteers until ad-
equate experience is achieved. Although our data do not address
the learning curve, it is our impression that one can become rela-
tively proficient in a short period of time.

We conclude that SPU is a useful adjunct to preoperative plan-
ning for directed parathyroidectomy. In selected institutions it may
be superior to either RPU or nuclear scintigraphy in localizing ab-
normal parathyroids preoperatively. Adoption of this technique
should be determined by local expertise of both surgeon and radi-
ologist.

Résumé. L’échographie est une des méthodes préférées pour localiser les
parathyroides anormales. La précision de I’échographie est opérateur-
dépendante. Cette étude a été entreprise pour déterminer la précision de
P’échographie réalisée par le chirurgien (EC) comparée a celle réalisée par
un radiologue (ER) et la scintigraphie (S). On a analysé les dossiers de 74
patients consécutifs porteurs d’un hyperparathyroidie primitive, non
traités, ayant eu une EC au moment de leur visite initiale. Vingt et un
patients n’on pas été opérés et ont été exclus de ’analyse. Parmi les 53
autres patients, on a obtenu des ER chez 26 et 52 patients ont eu des S. La
parathyroidectomie dirigée a été réalisée avec I’aide du dosage
peropératoire de la parathormone (IOPTH). 46 patients avaient un
adénome solitaire diagnostiqué par PIOPTH et confirmé par I’examen
anatomopathologique final. Deux patients avaient une maladie double
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alors que cinq patients avaient une hyperplasie multiglandulaire. La
sensibilité de PEC pour détecter une glande atteinte et du bon coté (droit vs
gauche) a été de 82% et la spécificité de 90%. La sensibilité de ’ER a été de
42% et la spécificité de 92% (n = 26). La sensibilité de la S a été de 44% et
la spécificité, de 98% (n = 52). Dans un cas seulement ’ER et la S ont
détecté une glande atteinte, non détectée par ’EC. L’EC peut étre réalisée
avec une précision comparable aux autres séries d’échographie dans la
littérature et pourrait méme étre supérieure a ’ER ou a la scintigraphie
dans certaines institutions. Il est important pour les chirurgiens d’étre au
courant de Pexpertise locale si on compte sur les radiologues ou la S pour
I’évaluation préopératoire avant de réaliser la parathyroidectomie dirigée.

Resumen. El ultrasonido es una de las modalidades de preferencia en la
localizacion de paratiroides anormales. La precision y certeza de
ultrasonido es operador - dependiente. El presente estudio fue emprendido
con el propdsito de determinar la certeza del ultrasonido practicado por el
cirujano (USC) en la localizacion de tumores paratiroideos en
comparacion con el ultrasonido practicado por un radiélogo (USR) y la
centelleografia nuclear (CN). En 74 pacientes consecutivos con
hiperparatiroidismo primario no tratado se practicé USR en la consulta
inicial. 21 pacientes no fueron sometidos a cirugia y se excluyeron del
analisis. En los 53 restantes, se practico USR en 26 y en 52 CN. La
paratiroidectomia  dirigida fue realizada con determinacion
intraoperatoria de hormona paratiroidea (IOPTH). Cuarenta y seis
pacientes presentaron un adenoma tnico a juzgar por la IOPTH y la
patologia final. Dos presentaron enfermedad glandular doble y 5
hiperplasia multiglandular. La sensibilidad de la USC fue 82% y la
especificidad 90% en cuanto a la deteccion de glandulas anormales en el
lado correcto (derecho vs. izquierdo). La sensibilidad de la USR fue 42% y
la especificidad 92% (n = 26). La sensibilidad de la CN fue 44% y la
especificidad 98% (n = 52). En sélo 1 caso la USR o la CN detectaron una
glandula que no fue hallada en la USC. La USC fue realizada con una
certeza comparable a otras series de ultrasonido informadas en la
literatura, y puede ser superior a la USR o la CN en algunas instituciones.
Es importante que los cirujanos sean conscientes de las pericias
disponibles en cada institucion cuando se fundamenten en la USR o la CN
en el proceso de evaluacion previa a una paratiroidectomia dirigida.
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