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Background: The intraoperative parathyroid hormone (IOPTH) assay is widely used in patients with primary hyperparathyroid-
ism (PHPT). We investigated the usefulness of the IOPTH assay in Korean patients with PHPT. 
Methods: We retrospectively reviewed the data of 33 patients with PHPT who underwent parathyroidectomy. Neck ultrasonog-
raphy (US) and 99mTc-sestamibi scintigraphy (MIBI scan) were performed preoperatively and IOPTH assays were conducted. 
Results: The sensitivity of neck US and MIBI scans were 91% and 94%, respectively. A 50% decrease in parathyroid hormone 
(PTH) levels 10 minutes after excision of the parathyroid gland was obtained in 91% (30/33) of patients and operative success was 
achieved in 97% (32/33) of patients. The IOPTH assay was 91% true-positive, 3% true-negative, 0% false-positive, and 6% false-
negative. The overall accuracy of the IOPTH assay was 94%. In five cases with discordant neck US and MIBI scan results, a suffi-
cient decrease in IOPTH levels helped the surgeon confirm the complete excision of the parathyroid gland with no additional neck 
exploration.
Conclusion: The IOPTH assay is an accurate tool for localizing hyperfunctioning parathyroid glands and is helpful for evaluat-
ing cases with discordant neck US and MIBI scan results.
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INTRODUCTION

Primary hyperparathyroidism (PHPT) is common and the inci-
dence of PHPT has increased since the addition of serum calci-
um levels to the standard chemistry panel [1]. The estimated 
incidence was approximately 22 per 100,000 people in the 
United States [1]. The only definite therapy for PHPT is sur-
gery, which is recommended for symptomatic and some as-

ymptomatic patients [2]. The goal of surgery is to remove the 
abnormal hyperfunctioning parathyroid glands, preserving the 
normal parathyroid glands to achieve eucalcemia. Therefore, it 
is important to localize the abnormal glands for a successful 
surgery. Most cases (80% to 85%) of PHPT are caused by a 
single abnormal gland while a minority of cases (10% to 15%) 
are due to multiple abnormal glands [3]. In addition, some 
parathyroid glands (5% to 20%) are found in ectopic locations. 
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Before recent advances in imaging technology, bilateral neck 
exploration for all four parathyroid glands was the gold stan-
dard in patients with PHPT. Several imaging methods, such as 
neck ultrasonography (US) and 99mTc-setamibi scintigraphy 
(MIBI scan) have been developed to localize abnormal para-
thyroid glands. Consequently, neck US and MIBI scans have 
allowed for minimally invasive parathyroidectomy [4]. The 
sensitivities of neck US and MIBI scans are reported to be 65% 
to 74% and 68% to 80%, respectively [5,6]. 
 The intraoperative parathyroid hormone (IOPTH) assay is 
another important tool for minimally invasive parathyroidecto-
my [4]. The IOPTH assay, first proposed by Nussbaum et al. 
[7] in 1988, became commercially available in 1996. Since 
parathyroid hormone (PTH) has a half-life of 2 to 3 minutes, its 
level is reduced significantly by 5 to 10 minutes after the re-
moval of the abnormal glands. The IOPTH assay helps to con-
firm the identification and removal of all hyperfunctioning 
parathyroid glands. Consequently, the IOPTH assay helps the 
surgeon decide whether to complete the operation or do further 
neck exploration. 
 It is well established that the IOPTH assay can improve the 
cure rate in patients with PHPT [8,9]. However, there is a lack 
of data regarding this procedure in Korea [10,11]. Therefore, 
we investigated the usefulness of the IOPTH assay in Korean 
patients with PHPT. 
 
METHODS

We retrospectively reviewed patients with PHPT who under-
went surgery at the Korea Cancer Center Hospital between 
December 2008 and April 2013. PHPT was defined as hyper-
calcemia with inappropriately elevated PTH level compared 
with the normal reference range. This study was approved by 
the Institutional Protocol Review Board of the Korea Cancer 
Center Hospital. A total of 36 patients underwent surgery, but 
we excluded three patients for whom IOPTH was not evaluat-
ed. All remaining 33 patients were included in this study. 
 Calcium, albumin, and phosphorous were measured by us-
ing a Hitachi Modular P800 Chemistry Analyzer (Hitachi, To-
kyo, Japan). The reference ranges for calcium and phosphorus 
were 8.6 to 10.2 mg/dL and 2.7 to 4.5 mg/dL, respectively. The 
corrected calcium level was calculated as follows: calcium 
(mg/dL)+[4–albumin (g/dL)].
 The neck US was performed with the use of a high resolu-
tion 5 to 13 MHz transducer and HI VISION Ascendus ultra-
sound system (Hitachi Aloka Medical). An oval-shaped and 

hypoechoic mass compared to the overlying thyroid gland was 
usually considered to be a parathyroid mass (positive imaging). 
For the MIBI scan, 99mTc sestamibi was administrated intrave-
nously and images at 5 to 10 minutes (early) and at 3 hours 
(delayed) were obtained. Positive scan imaging was defined as 
having foci of retained radiotracer in the delayed image. We re-
viewed the results of neck US and MIBI scans, which con-
tained the information for the locations and numbers of abnor-
mal parathyroid masses. Among the 33 patients, preoperative 
neck US and MIBI scans were conducted for 32 patients.
 Most patients underwent minimally invasive parathyroidec-
tomies except for particular cases, such as concomitant thyroid 
disease or multiple endocrine neoplasia (MEN). The surgery 
was performed through a minimal transverse incision (i.e., 
<2.5 cm) directly over the localized parathyroid gland. The 
remaining parathyroid glands were not electively explored. 
 In the IOPTH assay, a “preoperative” PTH level was de-
fined as the highest PTH level measured before the operation. 
A “pre-excision” PTH level was measured after the artery to 
the suspected abnormal parathyroid gland was ligated in some 
patients (n=20). A postoperative PTH level was measured 
from blood drawn at 5, 10, and 15 minutes after removal of 
the suspected abnormal parathyroid glands. All blood samples 
during the operation were obtained from an intravenous cathe-
ter in the foot. For PTH testing, blood samples were collected 
in a plain bottle, centrifuged for 10 minutes, and then placed 
in the autoanalyzer (the ADVIA Centaur immunoassay, Sie-
mens Health Diagnostics, Inc., Tarrytown, NY, USA). The ref-
erence range for PTH was 14 to 72 pg/mL.
 Operative success was defined as eucalcemia at 6 months 
after parathyroidectomy. Electronic medical records were used 
to obtain postsurgical information, such as serum calcium and 
PTH levels, and histories of taking medicine (i.e., calcium 
supplements). 

Statistical analysis
Data were presented as mean±SD. The sensitivity, positive 
predictive value (PPV), and overall accuracy of both neck US 
and MIBI scans were calculated. The efficacy of IOPTH for 
operative success was expressed as overall accuracy.
 
RESULTS

Characteristics of the study population
A total of 33 patients with PHPT who underwent parathyroid-
ectomies were included in this analysis. The mean age at time 
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of surgery was 51±12 years and 72% of the patients were fe-
male (Table 1). Most patients had sporadic PHPT and only 
two patients had familial PHPT (MEN type 1). 
 One gland was removed in most patients, two glands in one 
patient, and four glands in the two patients who were diag-
nosed with MEN. In cases where four hyperfunctioning glands 
were present, total parathyroidectomy was performed with au-
totransplantation in the forearm. Surgical pathology reports 
showed that there were 26 (79%) parathyroid adenomas, three 
(10%) parathyroid carcinomas, three (10%) parathyroid hy-
perplasias, and one (1%) normal parathyroid gland. Among 
the 29 patients with parathyroid adenomas or carcinomas, 28 
patients had a single adenoma or carcinoma and one patient 
had two adenomas. 

Neck US and MIBI scan
In preoperative imaging studies, the results of neck US and 

MIBI scans were positive in 29 (91%) and 31 (94%) patients, 
respectively. All positive results from neck US corresponded 
with those of surgical pathology, but two positive results from 
MIBI scans did not. A single abnormal gland was suspected by 
performing neck US in 26 (81%) patients and in 28 (85%) pa-
tients by MIBI scans. When the locations and numbers of ab-
normal parathyroid masses on the neck US were compared 
with those on the MIBI scan, the neck US and MIBI findings 
were discordant in five cases. In those cases, the results of the 
neck US were correct in three cases and the results of MIBI 
scans were correct in two cases. The sensitivities of neck US 
and MIBI scans were 91% and 94%, respectively (Table 2). 
The PPVs were 100% for neck US and 94% for MIBI scans. 
The accuracies of neck US and MIBI scans were estimated as 
91% and 88%, respectively.

IOPTH assay
The mean preoperative PTH level was 378±423 pg/mL. Post-
operative PTH levels at 5, 10, and 15 minutes after excision de-
creased by 69%, 73%, and 78%, respectively, compared to pre-
operative PTH levels (Fig. 1). A 50% decrease in PTH levels 
10 minutes after excision is an accepted criteria to confirm the 
complete removal of hyperfunctioning parathyroid glands [12]; 
91% (30/33) of patients in our study met this criteria. Only 
three patients in our study did not meet the criteria. The pre-ex-
cision PTH levels were obtained from 20 patients. Among 
these 20 patients, the mean pre-excision PTH level was 331±

329 pg/mL. Postoperative PTH levels at 5, 10, and 15 minutes 
after excision decreased by 38%, 51%, and 56%, respectively, 
compared to pre-excision PTH levels (Fig. 1). Only 60% (12/ 
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Fig. 1. Intraoperative parathyroid hormone assay. Percent change 
in parathyroid hormone (PTH) levels when using preoperative 
PTH levels as a baseline (shown as red circle) and when using pre-
excision PTH levels as a baseline (shown as yellow circle). 

Table 1. Baseline Characteristics of the 33 Study Patients

Characteristic Value

Age at operation, yr 51±12

Sex, male/female 9/24

Preoperative PTH, pg/mL 378±423

Preoperative Ca, mg/dL 11.1±0.8

Preoperative corrected Ca, mg/dL 10.6±1.0

Preoperative P, mg/dL 2.7±0.6

Postoperative Ca, mg/dL 9.1±1.0

Postoperative corrected Ca, mg/dL 8.7±0.8

Postoperative P, mg/dL 3.4±0.7

Postoperative PTH, pg/mL 36.1±31.5

Values are expressed as mean±SD. 
PTH, parathyroid hormone. 

Table 2. Accuracies of Neck US and MIBI Scan: Agreement 
between Results of Neck US or MIBI Scan and Results of Sur-
gical Pathology

Variable
Neck US MIBI scan

Positive Negative Positive Negative

Agree 29 0 29 0

Disagree 0 3 2 2

Sensitivity 90.6 93.5

PPV 100 93.5

Accuracy 90.6 87.9

US, ultrasonography; MIBI scan, 99mTc-setamibi scintigraphy; PPV, 
positive predictive value.
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20) of patients achieved a 50% decrease in PTH levels 10 min-
utes after excision and 40% (8/20) of patients did not.
 Six months following parathyroidectomy, operative success 
was achieved in 97% (32/33) of patients. Half of the patients 
(17/32) took calcium supplementation and the remaining pa-
tients had eucalcemia without calcium supplementation. How-
ever, only one patient had hypercalcemia and an increased 
PTH level following parathyroidectomy. This patient was one 
out of three patients whose intraoperative PTH level at 10 
minutes did not meet the criteria. The IOPTH assay was 91% 
true-positive, 3% true-negative, 0% false-positive, and 6% 
false-negative, making the overall accuracy of the IOPTH as-
say 94%. However, when using pre-excision PTH levels as a 
baseline, the accuracy of the IOPTH assay decreased to 65%. 
When using the highest of either preoperative or pre-excision 
PTH level as baseline, the accuracy of the IOPTH assay did 
not change (94%).
 In the five cases with discordant neck US and MIBI scan 
results the surgeon identified suspicious parathyroid masses, 
confirmed the complete removal with IOPTH assay, and did 
not perform further neck exploration.

DISCUSSION

A total of 33 patients underwent parathyroidectomies and all 
of them, except for one patient, were cured. The accuracies of 
neck US, MIBI scans, and the IOPTH assay were 91%, 88%, 
and 94%, respectively.
 Minimally invasive parathyroidectomy is preferred because 
it reduces operative time, length of hospital stay, and risk of 
complications such as hypocalcemia and nerve injury [13,14]. 
Preoperative localization of abnormal hyperfunctioning para-
thyroid glands is mandatory for minimally invasive parathy-
roidectomy. Neck US and MIBI scans have been commonly 
used for preoperative localization of abnormal glands [4]. In 
this study, both neck US and MIBI scans showed high sensi-
tivity (91% for neck US and 94% for MIBI scans). The sensi-
tivity measured in this study was slightly higher than those of 
previous studies [5,6]. A possible reason for this difference is 
that neck US and MIBI scans can detect a single adenoma 
more accurately than multiple adenomas or hyperplasia 
[15,16], and most patients in this study had a single adenoma. 
In one study, the sensitivities of neck US and MIBI scans de-
creased from 74% and 80% in single-gland disease to 22% 
and 22% in multiple-gland disease, respectively [17]. In addi-
tion, the experience of the radiologist for neck US might influ-

ence the sensitivity of neck US. It is already known that both 
US and MIBI scans can predict the presence and location of 
parathyroid adenomas more accurately than neck US or MIBI 
scans alone [6,18]. In this study, the sensitivity of combined 
neck US and MIBI scans was 100%. However, there was 
some discrepancy in the neck US and MIBI scan results of 5 
patients.
 The accuracy of the IOPTH assay in this study was 94%, 
which is similar to the rates determined in previous studies 
[19,20]. The accuracy of IOPTH assays is dependent on sam-
ple timing and the criteria for predicting operative success. 
There are several interpretation criteria for IOPTH assays such 
as the Miami, Vienna, Rome, and Halle criteria [12,21,22]. 
Because the Rome and Halle criteria showed higher false neg-
ative results than did other criteria, those seem to be inappro-
priate for use with a single parathyroid adenoma [21,23]. In 
both Miami and Vienna criteria, a 50% or more decrease in 
PTH levels from baseline at 10 minutes after excision predicts 
operative success. The Miami criteria uses the highest pre-in-
cision or pre-excision PTH levels [12] and the Vienna criteria 
uses the pre-incision PTH level as a baseline [21]. In this 
study, subgroup analysis showed that using pre-excision PTH 
levels as a baseline decreased the accuracy of the IOPTH as-
say from 94% to 65% and using the highest pre-incision or 
pre-excision PTH levels as a baseline did not increase the ac-
curacy of the IOPTH assay. Previous studies reported that the 
Miami criteria slightly reduced false-negative results and in-
creased false-positive results compared to the Vienna criteria 
[12,21,23]. Therefore, in order not to miss additional parathy-
roid adenomas and prevent re-operation, the Vienna criteria 
may be more beneficial than the Miami criteria. 
 IOPTH assays can improve the success rate of surgery [8,9]. 
A sufficient decrease in the IOPTH level can help the surgeon 
confirm when a complete and successful excision of abnormal 
parathyroid gland has been achieved. In this study, the IOPTH 
assay was especially useful in the five cases that showed dis-
cordance in neck US and MIBI scan results. In those cases, the 
surgeon confirmed the complete excision and did not perform 
further neck exploration because there was a more than 50% 
decrease in PTH levels 10 minutes after parathyroid gland ex-
cision. In contrast, an insufficient decrease in IOPTH levels 
indicates the presence of an additional abnormal parathyroid 
gland and the need for subsequent neck exploration. However, 
the IOPTH assay is limited by false-positive and false-nega-
tive results. In particular, false-negative results from IOPTH 
assays can lead to unnecessary exploration, resulting in an in-
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crease of cost and morbidity related to surgery [24]. The false-
negative rate has been reported to range from 0.9% to 9% in 
previous studies [12,19,24,25], and it was 6% (2/33) in this 
study. Two false-negative cases had a single parathyroid ade-
noma and the results from neck US and MIBI scans were con-
cordant. Therefore, even if the IOPTH assay shows a negative 
result, the possibility of a false-negative result should be con-
sidered if the findings from neck US and MIBI scans are con-
cordant in cases of a single adenoma.
 This study has some limitations. First, blood samples for 
measuring preoperative PTH levels were obtained the day be-
fore the operation in this study, whereas in other studies, blood 
was collected in the operating room before the skin incision 
was made (preincision). Considering the importance of sam-
pling time, the absence of pre-incision samples is a limitation 
in our study. Second, one-third of patients underwent thyroid 
surgery at the same time. PHPT was often diagnosed during 
work-up for thyroid cancer, because of a high volume of thy-
roid cancer in our hospital.
 In conclusion, the IOPTH assay can be used to accurately 
localize abnormal hyperfunctioning parathyroid glands and 
help surgeons confirm the complete and successful resection 
of abnormal glands.
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