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Hypothesis: Intraoperative quick parathyroid hor-

mone (PTH) assay for tissue aspirate facilitates the
confirmation of parathyroid tissue identity and allows
a more selective use of frozen section examination
during parathyroidectomy for primary hyperparathyroidism.
Design: A retrospective review of a prospective protocol of the applicability and accuracy of quick PTH
assay for tissue aspirate as a biochemical frozen section tool.
Setting: A university hospital department of surgery.
Patients: Quick PTH assay for aspirate obtained from
suspected parathyroid gland excised during parathyroidectomy for primary hyperparathyroidism.
Main Outcome Measures: The accuracy of this biochemical identification of parathyroid tissue identity
was correlated with histological examination and
outcome.
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Results: Quick PTH assay was performed for aspirate
from at least 1 excised parathyroid gland in 122 (98%)
of 125 patients while 13 patients (10%) had PTH aspirate for nonparathyroid tissues including thyroid (n=10),
thymic (n=2) and lymphatic (n=1) tissues. Frozen section examination was performed for 15 patients (12%),
including the 3 patients who did not undergo tissue aspirate for quick PTH assay. All except 3 patients had an
aspirate assay value of greater than 1500 pg/mL (range,
625 to ⬎1500 pg/mL) for parathyroid tissue while the
value of PTH aspirate for nonparathyroid tissue ranged
from 27 to 229 pg/mL (median, 72 pg/mL) in 13 patients. The median size of abnormal parathyroid gland
was 70 to 15000 mg (median, 775 mg).
Conclusions: With the availability of quick PTH assay,
tissue aspirate for PTH assay can be adopted as an alternative to traditional frozen section examination to confirm parathyroid gland identity. Frozen section examination can be employed more selectively.
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INIMALLY INVASIVE

parathyroidectomy has
been shown to be as effective as bilateral neck
exploration in achieving a surgical cure1-3 and it has become an
accepted means of surgical treatment for
patients with primary hyperparathyroidism (pHPT).4 The adoption of minimally
invasive parathyroidectomy has revolutionized the standard practice and operative strategies of bilateral neck exploration during parathyroidectomy for pHPT.
The shift of operative strategy toward minimally invasive parathyroidectomy depends on an accurate preoperative localization and the availability of intraoperative
quick parathyroid hormone (PTH) assay3 to provide a rapid and accurate confirmation of surgical success as well as to
facilitate the removal of all hyperfunctioning parathyroid tissues.
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In the era of bilateral neck exploration, frozen section examination was routinely employed to confirm the identity of
tissue excised to be abnormal parathyroid tissue.5-7 Frozen section is a highly reliable means of identifying tissue type during parathyroid exploration.6-8 On the other
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hand, tissue aspiration for PTH assay has
been applied in preoperative confirmation of parathyroid tissue identified during imaging.9-12 However, this technique
has not been viable for intraoperative confirmation before the availability of quick
PTH assay because of the long turnover
time required during the standard PTH assay. With the adoption of quick PTH assay, we have attempted to apply this technique as a biochemical assay tool to
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confirm the identity of excised parathyroid tissues and
to employ frozen section examination more selectively.
This study evaluates the applicability and accuracy of this
tool in confirming parathyroid tissue identity, and in conjunction with intraoperative quick PTH assay, its impact in reducing the number of frozen section examinations.
METHODS
Since 1999, our institution has routinely employed quick PTH
assay to confirm surgical success and to facilitate the adoption
of either focused parathyroidectomy or minimally invasive parathyroidectomy for pHPT.3 The quick PTH assay was measured with a commercially available 2-site antibody immunochemiluminometric assay (QuiCK-Pak System; Nichols Institute
Diagnostics, San Clemente, Calif ) and was carried out in the
operating room by a trained technician using a portable laboratory contained on a cart. Blood samples were collected at induction, immediately after the excision of the parathyroid gland
(zero minutes) and repeated at 10 minutes postexcision. A delayed sample at 30 minutes would be obtained in addition if
the assay at 10 minutes failed to show a greater than 50% decline in PTH compared with that of induction or at zero minutes. Suspected parathyroid tissues were aspirated for quick PTH
assay immediately after excision to determine their identity. A
23-gauge needle connected to a 2.5-mL syringe was punctured into the suspected parathyroid gland or adenoma
(Figure 1). It was then moved back and forth to aspirate its
content into the needle, which was then rinsed with a 2-mL
aliquot of saline solution. The sample was sent for quick PTH
assay together with the zero-minute postexcision blood sample.
The result of the quick PTH assay for the tissue aspirate is available 15 minutes after sampling. Frozen section examination is
then performed more selectively in cases of diagnostic difficulty or challenging decision-making situations. Patients with
multiglandular hyperplasia revealed during preoperative imaging as well as those with multiple endocrine neoplasia syndromes diagnosed preoperatively based on characteristic family history or concomitant syndrome manifestations were
excluded because frozen section examination was routinely performed in these cases. Informed consent was obtained from all
patients prior to the procedure.
Patients with sporadic pHPT who underwent parathyroidectomy were selected for minimally invasive parathyroidectomy with preoperative localizations utilizing technetium Tc
99m sestamibi scintigraphy and ultrasonography. Routine intraoperative quick PTH assay was performed for all patients under a standard protocol and excised abnormal parathyroid gland
tissue underwent aspirate for quick PTH assay. In case of diagnostic difficulty, aspiration was performed for suspected parathyroid tissue to facilitate parathyroid tissue identification. Data
were collected prospectively with regard to the following patient specifications: demographics, indications of operation, preoperative biochemistry, operative details, intraoperative quick
PTH assay results, use of frozen section examination, histological examination of excised tissues, and postoperative outcome. The accuracy of quick PTH assay in confirming the identity of parathyroid and nonparathyroid tissue was studied and
the potential impact of application of this technique in reducing the number of frozen section examinations was evaluated.
RESULTS

From 2000 to 2003, 133 patients underwent surgical treatment for pHPT with intraoperative quick PTH assay per(REPRINTED) ARCH SURG/ VOL 140, FEB 2005
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Figure 1. A 23-gauge needle connected to a 2.5-mL syringe was punctured
into the suspected parathyroid adenoma. It was then moved back and forth
to aspirate its content into the needle (arrow), which was then rinsed with a
2-mL aliquot of saline solution.

formed. Eight patients with multiglandular hyperplasia
diagnosed before the operation were excluded. Quick PTH
assay for tissue aspirate was attempted in 125 patients
who were subsequently proven to have abnormal parathyroid tissue during histologic examinations.
There were 41 men and 84 women with a median age
of 56 years (range, 19-93 years). Forty (32%) of 125 patients underwent open exploratory surgery, while endoscopic-assisted or focused minimally invasive parathyroidectomy was accomplished in 78 (92%) of 85 patients. One
patient underwent mediastinal exploratory surgery for a mediastinal adenoma located at the aortopulmonary window, while another underwent reexploratory surgery for
a recurrent adenoma after a previous incomplete excision. Aspiration was not attempted in a patient with a negative preoperative localization, and multiglandular hyperplasia was diagnosed during the operation. In addition, this
technique was not used for 2 patients; one whose intrathyroidal parathyroid adenomas failed to be recognized after hemithyroidectomy, and another whose 125-mg adenoma was ruptured during dissection. This assay was
successfully performed in 122 (98%) of 125 patients.
Intraoperative frozen section examination was performed on specimens from 13 patients (10%), including the 3 patients without quick PTH assay for tissue aspirate. Frozen section examination was requested for other
patients because of the failure to identify the parathyroid adenoma during the initial exploration (n=8) and
the surgeon’s need for tissue confirmation (n=2). The
final histological results revealed a solitary adenoma in
123, multiglandular hyperplasia in 1, and double adenomas in 1 patient. All patients had a decline of quick PTH
assay of greater than 50% at 10 minutes after excision of
the adenoma or at the end of the procedure compared
with that at induction or immediate postexcision.
Of the 123 parathyroid aspirates, the value of quick
PTH assay ranged from 625 to greater than 1500 pg/mL.
The quick PTH result was greater than 1500 pg/mL in
all except 3 aspirates; the results of 3 other aspirates were
625, 754, and 929 pg/mL. The median size of the adenomas was 775 mg (range, 70-15000 mg) and 78 adenomas (63%) were 1000 mg or smaller. Thirteen patients
underwent aspiration of nonparathyroid tissue with quick
PTH assay value of 27 to 229 pg/mL (median, 72.7 pg/mL).
The nonparathyroid tissue included thyroid nodule
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Figure 2. A scatterplot showing the quick parathyroid hormone (PTH) assay
aspirate values of parathyroid compared with nonparathyroid tissues. The
quick PTH assay for blood samples at different time intervals is illustrated. A
delayed assay at 30 minutes (end) was performed for patients who failed to
show a greater than 50% decline in the 10-minute assay compared with that
at induction or at 0 minutes.

(n=10), lymphatic tissue (n=1) and thymic tissue (n=2).
Figure 2 shows a scatterplot of the quick PTH levels
from parathyroid adenomas compared with nonparathyroid tissue aspirates as well as those from serum at different time intervals with reference to the excision of adenomas. During a median follow-up of 10 months, all
patients remained normocalcemic.
COMMENT

Parathyroid aspirate for PTH assay or cytologic examination under imaging guidance has been applied to confirm the identity of the imaged parathyroid adenoma as
shown in preoperative localizations.9-12 However, this technique has not been used for intraoperative confirmation
before the availability of quick PTH assay because of the
long turnover time required for the standard PTH assay.
On the other hand, frozen section examination is widely
used to identify tissue type during parathyroid exploration in patients with pHPT. It is used to confirm that excised tissue is parathyroid in origin as well as to determine if it is abnormal hypercellular tissue.6,7 Frozen section
examination is a highly reliable means of identifying tissue type during parathyroid exploration.6 Intraoperative frozen section confirmation is routinely performed
during parathyroid exploration, although a more selective biopsy has been recommended to decrease the risk
of postoperative hypoparathyroidism. This biopsy is performed for the suspected abnormal gland instead of performing a routine biopsy of all normal glands.5
The availability of intraoperative quick PTH assay has
revolutionized the operative strategies adopted during
parathyroid exploration. Aside from confirming surgical success and identifying the presence of functioning
parathyroid tissue, the potential application of the quick
PTH assay during parathyroidectomy has been extended. Quick PTH assay has been used to predict postoperative hypocalcemia during thyroid13 and reoperative parathyroid surgery.14
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The need for routine frozen section confirmation has
also been challenged with the availability of quick PTH
assay. A significant decline in PTH level after excision
of a suspected parathyroid adenoma may be confirmatory of operative success and provides the operating surgeons indirect evidence of removal of all hyperfunctioning parathyroid tissue. 1-3 Frozen section
examination of the excised specimens may no longer be
required. However, it is not uncommon for the operating surgeons to send the parathyroid tissue to the pathologist for histological confirmation by frozen section
examination despite the use of quick PTH assay because
they are concerned about false-positive results and want
tissue confirmation. For radioguided parathyroidectomy, the gamma probe can be used to confirm the identity of the excised parathyroid tissue. It has been shown
that ratio of ex vivo count to background count of greater
than 20% can be used to confirm the identity of parathyroid tissue and no frozen section examination is required.15
Perrier et al16 has shown that aspirate for quick PTH
assay can be used as a biochemical frozen section to confirm the identity of parathyroid tissue. Frozen section examination was routinely performed even though aspirations successfully identified either parathyroid or
nonparathyroid tissue. In our study, we evaluated the accuracy as well as the feasibility in the application of this
technique to confirm tissue identity during parathyroidectomy for pHPT. In addition to the use of quick PTH
assay in blood samples to confirm surgical success during parathyroid exploration, aspirate from excised parathyroid tissues for quick PTH assay can be performed expeditiously. This technique is highly accurate in
confirming that excised tissue is abnormal parathyroid
tissue and distinguishing parathyroid from nonparathyroid tissue. If a cut-off quick PTH aspirate level of 500
pg/mL was used, the sensitivity, specificity, positive and
negative predictive values in identifying abnormal parathyroid glands were 100%. However, quick PTH assay
of aspirate from a nonparathyroid tissue might be exceptionally high in the presence of a grossly elevated serum PTH level. Such false-positive results can lead to diagnostic difficulty and potential pitfalls in interpreting
the results without performing the quick PTH serum assay. In addition, it might be technically difficult to aspirate enough content from a small adenoma, but our results showed that adenomas as small as 70 mg were
successfully confirmed by this assay method. Because of
similarities to parathyroid adenoma identification, application of this technique to hyperplastic parathyroid
glands is feasible. For a normal parathyroid gland, this
technique is not reliable and is not recommended because of the technical difficulty involved in performing
the aspiration.
Parathyroid tissue confirmation can reassure the operating surgeon of the high probability of operative success and eliminate the need for frozen section confirmation. The results are readily available, sooner than the
results from the delayed quick PTH blood sample at the
end of the procedure. It provides an alternative tool as a
biochemical frozen section and does not add additional
cost if quick PTH assay is adopted for minimally invaWWW.ARCHSURG.COM
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sive parathyroidectomy because the assay can be accomplished by the same measurement kit. In fact, in our institution, savings of $180 were made by eliminating the
need of a frozen section histological examination.
Similar to other operative strategies during thyroid and
parathyroid surgery,17 routine frozen section examination is not necessary during parathyroid explorations for
pHPT. When quick PTH assay is adopted for parathyroid explorations, tissue aspiration for quick PTH assay
will be used as a biochemical frozen section tool. This
technique is an alternative to the traditional frozen section examination, which can be employed in a more selective manner.
Correspondence: Chung-Yau Lo, MS(HK), FRCS(Edin),
FACS, Division of Endocrine Surgery, Department of Surgery, University of Hong Kong Medical Centre, Queen
Mary Hospital, Pokfulam Road, Hong Kong, China (cylo
@hkucc.hku.hk).
REFERENCES
1. Reeve TS, Babidge WJ, Parykn RF, et al. Minimally invasive surgery for primary
hyperparathyroidism: systematic review. Arch Surg. 2000;135:481-487.
2. Carneiro DM, Irvin GL. Late parathyroid function after successful parathyroidectomy guided by intraoperative hormone assay (QPTH) compared with the standard bilateral neck exploration. Surgery. 2000;128:925-929.
3. Lo CY, Chan WF, Luk JM. Minimally invasive endoscopic-assisted parathyroidectomy for primary hyperparathyroidism. Surg Endosc. 2003;17:19321936.
4. Sackett WR, Barraclough B, Reeve TS, Delbridge LW. Worldwide trends in the
surgical treatment for primary hyperparathyroidism in the era of minimally invasive parathyroidectomy. Arch Surg. 2002;137:1055-1059.

(REPRINTED) ARCH SURG/ VOL 140, FEB 2005
149

5. Oertli D, Richter M, Kraenzlin M, et al. Parathyroidectomy in primary hyperparathyroidism: preoperative localization and routine biopsy of unaltered glands are
not necessary. Surgery. 1995;117:392-396.
6. Westra WH, Pritchett DD, Udelsman R. Intraoperative confirmation of parathyroid tissue during parathyroid exploration: a retrospective evaluation of frozen
section. Am J Surg Pathol. 1998;22:538-544.
7. Baloch ZW. LiVolsi VA. Intraoperative assessment of thyroid and parathyroid
lesions. Semin Diagn Pathol. 2002;19:219-226.
8. Shidham VB, Asma Z, Rao RN, et al. Intraoperative cytology increases the diagnostic accuracy of frozen sections for the confirmation of various tissues in the
parathyroid region. Am J Clin Pathol. 2002;118:895-902.
9. Doppman JL, Krudy AG, Marx SJ, et al. Aspiration of enlarged parathyroid glands
for parathyroid hormone assay. Radiology. 1983;148:31-35.
10. Gooding GA, Clark OH, Stark DD, et al. Parathyroid aspiration biopsy under ultrasound guidance in the postoperative hyperparathyroid patient. Radiology. 1985;
155:193-196.
11. Sacks BA, Pallotta JA, Cole A, Hurwitz J. Diagnosis of parathyroid adenomas:
efficacy of measuring parathormone levels in needle aspirates of cervical masses.
AJR Am J Roentgenol. 1994;163:1223-1226.
12. Marcocci C, Mazzeo S, Bruno-Bossio G, et al. Preoperative localization of suspicious parathyroid adenomas by assay of parathyroid hormone in needle aspirates.
Eur J Endocrinol. 1998;139:72-77.
13. Elaraj DM, Remaley AT, Simonds WF, et al. Utility of rapid intraoperative parathyroid hormone assay to predict severe postoperative hypocalcemia after reoperation for hyperparathyroidism. Surgery. 2002;132:1028-1034.
14. Lo CY, Luk JM, Tam SC. Applicability of intraoperative parathyroid hormone assay during thyroidectomy. Ann Surg. 2002;236:564-569.
15. Murphy C, Norman J. The 20% rule: a simple, instantaneous and radioactivity
measurement defines cure and allows elimination of frozen sections and hormone assay during parathyroidectomy. Surgery. 1999;126:1023-1028.
16. Perrier ND, Ituarte P, Kikuchi S, et al. Intraoperative parathyroid aspiration and
parathyroid hormone assay as an alternative to frozen section for tissue
identification. World J Surg. 2000;24:1319-1322.
17. Lo CY, Lam KY. Parathyroid autotransplantation during thyroidectomy: is frozen section necessary? Arch Surg. 1999;134:258-260.

WWW.ARCHSURG.COM

©2005 American Medical Association. All rights reserved.
Downloaded From: http://archsurg.jamanetwork.com/ on 08/23/2014

