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Can the use of intraoperative intact parathyroid
hormone monitoring be abandoned in patients
with hyperparathyroidism?
Chika Sakimura, M.D.a, Shigeki Minami, M.D., Ph.D.a,*, Naomi Hayashida, M.D., Ph.D.a,
Tatsuya Uga, M.D., Ph.D.b, Naoko Inokuchic, Susumu Eguchi, M.D., Ph.D.a
aDepartment of Surgery, Nagasaki University Graduate Sch
b

ool of Biomedical Sciences, 1-7-1 Sakamoto, Nagasaki
852-8501, Japan; Department of Surgery, Nishi Isahaya Hospital, Isahaya, Japan; cDepartment of Laboratory Medicine,
Nagasaki University Hospital, Nagasaki, Japan
KEYWORDS:
Intraoperative intact
parathyroid hormone
monitoring;
Primary
hyperparathyroidism;
Ultrasound;
Technetium-99m
sestamibi scintigraphy
The authors declare no conflicts of i

* Corresponding author. Tel.: 11-81

7319.

E-mail address: shiminami-gi@umin

Manuscript received September 21,

23, 2013

0002-9610/$ - see front matter � 2013

http://dx.doi.org/10.1016/j.amjsurg.20
Abstract
BACKGROUND: Ultrasound (US) and technetium-99m sestamibi scintigraphy (MIBI) are used to de-

termine the localization of abnormal glands in cases of primary hyperparathyroidism (PHPT). Intrao-
perative intact parathyroid hormone (iPTH) monitoring is a reliable examination used to cure PHPT.
The aim was to assess the necessity of intraoperative iPTH monitoring.

METHODS: Sixty patients were examined using preoperative MIBI and US. iPTH was measured at 3
time points: (1) at the start of surgery; (2) 10 minutes after gland resection; and (3) more than 60 min-
utes after surgery. We defined a decreased iPTH level as an iPTH measured 10 minutes after resection
that was less than 50% of the preoperative level.

RESULTS: The iPTH of 55 patients with concordant lesions decreased to within the normal range
more than 60 minutes after surgery.

CONCLUSIONS: It is not necessary to monitor intraoperative iPTH when single concordant lesions
are preoperatively identified on both MIBI and US.
� 2013 Elsevier Inc. All rights reserved.
There are several diagnostic modalities that can be used
as preoperative examinations in patients with primary
hyperparathyroidism (PHPT), including ultrasound (US),
technetium-99m sestamibi scintigraphy (MIBI), magnetic
resonance imaging, and computed tomography scanning.
The use of MIBI for PHPT imaging was first reported in
1989 by Coakley et al.1 MIBI is especially useful for deter-
mining the preoperative localization of abnormal glands.2–8
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US is often used as the first examination for preoperative
localization of abnormal glands because it is safe, conve-
nient, and inexpensive. Moreover, in the hands of the oper-
ating surgeon, US is generally as accurate or more accurate
than MIBI.9,10

In addition to these imaging modalities, intraoperative
intact parathyroid hormone (iPTH) monitoring is a reliable
predictor of successful resection in PHPT patients under-
going parathyroid surgery.11–16 It has also been reported
that intraoperative iPTH monitoring can be used to check
the iPTH level as soon as 5 minutes after extraction of
the lesion, thereby ensuring complete resection of the ab-
normal gland.11 Therefore, intraoperative iPTH monitoring
makes minimally invasive surgery possible.17,18 However,
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not all institutions can perform intraoperative iPTH moni-
toring because of limitations in the measuring instruments,
and many institutions perform surgery on the basis of the
preoperative localization determined on both MIBI and
US without the use of intraoperative iPTH monitoring.

We conducted this study to examine the necessity of
intraoperative iPTH monitoring in PHPT patients. We
evaluated whether intraoperative iPTH monitoring is useful
for PHPT surgery and whether all PHPT patients should be
monitored for intraoperative iPTH. In addition, we also
discuss the indications for intraoperative iPTH monitoring
in PHPT patients.
Table 1 Preoperative diagnosis by MIBI and US

Group

MIBI and US result

totalConcordant Discordant

Complete decrease 47 3 50
Incomplete decrease 9 1* 10
Total 56 4 60

MIBI 5 technetium-99m sestamibi scintigraphy; US 5 ultrasound.

*Double adenomas patient.
Methods

Sixty-three consecutive patients who underwent para-
thyroid surgery for PHPT at the Department of Surgery,
Nagasaki University Hospital, Nagasaki, Japan, between
January 2003 and July 2010 were enrolled in this study.
Three patients were excluded because they had not under-
gone both MIBI and US to determine their preoperative
diagnoses. Therefore, we evaluated a total of 60 patients in
this study. The median age of the patients was 59.5 years,
and 46 patients were women.

All patients underwent both MIBI and US for preoper-
ative localization of the parathyroid lesions. All resected
glands were confirmed to meet the intraoperative histolog-
ical diagnosis using frozen section examinations. Although
there are several criteria for intraoperative iPTH monitor-
ing, the Miami criteria are the most useful. Under these
criteria, surgical success is defined by an iPTH drop of 50%
or more from the highest of either the preoperative baseline
level or the pre-excision level measured at 10 minutes.12

We measured the iPTH level at 3 time points: (1) at the start
of surgery; (2) 10 minutes after abnormal gland resection;
and (3) over 60 minutes after surgery. According to the
Miami criteria, a complete decrease is defined as an iPTH
drop after abnormal gland resection of 50% or more from
the highest of either the preoperative baseline level or the
pre-excision level measured at 10 minutes. The patients
who did not exhibit a decrease in the iPTH level of more
than 50% were assigned to the incomplete decrease group.

In cases with concordant imaging lesions on preopera-
tive examination, we performed abnormal gland explora-
tion and completed the surgery. Even if the iPTH level did
not decrease, we finished the surgery when the preoperative
diagnosis was concordant lesion on MIBI and US.

In cases with 2 or more abnormal glands or discordant
imaging between MIBI and US, we first monitored the
intraoperative iPTH level after performing resection of 1 of
the detected abnormal glands. If the iPTH level was found
to have decreased, then we did not look for the other
glands. However, if the iPTH level did not decrease, then
we searched for the other abnormal glands. The iPTH and
calcium and phosphorus levels of all patients were evalu-
ated during long-term follow-up at an outpatient clinic. If
the iPTH levels continued to be high, we reexamined the
patients with MIBI and US.

Results

Accuracy of preoperative localization

Fifty-six (93.3%) of the 60 patients preoperatively
exhibited concordant lesions on MIBI and US. There
were 4 patients (6.7%) with discordant lesions identified
on MIBI and US. One patient had a single lesion detected
on MIBI and another lesion detected on US, 1 patient had a
single lesion detected on MIBI and double lesions detected
on US, 1 patient exhibited negative results on MIBI and had
double lesions detected on US, and 1 patient had double
lesions detected on MIBI and a single lesion detected on
US (Table 1).

Intraoperative intact parathyroid hormone
monitoring

Complete decreases were observed in 50 (83.3%) of the
60 patients. Forty-seven (78.3%) of the 50 patients had
concordant lesions detected on both MIBI and US at the
time of the preoperative diagnosis. Three patients who
exhibited complete decreases had discordant lesions detec-
tion on MIBI and US. However, the intraoperative iPTH
levels of 2 of these 3 patients dramatically decreased after
resection of 1 abnormal gland (Table 1). The remaining
patient had discordant lesions detected on MIBI and US;
2 tumors were observed on the preoperative MIBI examina-
tion, and 1 tumor was observed on US. After surgery, this
patient was suspected to have multiple endocrine neoplasia
type I tumors. However, we could not confirm the diagnosis
because the patient dropped out of the follow-up.

An incomplete decrease was observed in 10 patients
(16.7%). However, in 9 of these 10 patients, the level of
iPTH ultimately decreased to within the normal range over
60 minutes after abnormal gland resection. These 9 patients
had concordant lesions on preoperative MIBI and US. In
the remaining patient, the iPTH level was unchanged after
1 gland resection. Preoperatively, this patient exhibited
negative results on MIBI and 2 lesions on US. Although the
intraoperative iPTH level did not decrease after resection of
1 lesion, it did completely decrease after a second lesion



Figure 1 The intraoperative iPTH monitoring strategy for PHPT
patients.
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resection. This patient was ultimately diagnosed with
double parathyroid adenomas. All 56 patients with concor-
dant results on preoperative MIBI and US indicating the
presence of a single lesion were successfully cured by
performing an abnormal grand resection (Table 2).

Based on our results, we propose a new PHPT surgical
strategy (Fig. 1). In cases in which there are differences in
the number of abnormal glands detected on MIBI and US
or no uptake is observed on MIBI, intraoperative iPTH
monitoring should be performed. In cases with concordant
glands detected on MIBI and US, we suggest that intraoper-
ative iPTH monitoring not be used.

Comments

Although the standard surgery for PHPT involves con-
ventional 4-gland exploration with resection of abnormally
enlarged glands, recent advances in preoperative examina-
tions now allow less invasive surgery to be performed.
Therefore, making an accurate preoperative diagnosis in
patients with PHPT is important for ensuring proper
resection of all affected glands. Various methods, including
US, computed tomographic scanning, and MIBI, are cur-
rently used for preoperative localization of abnormal glands
in patients with PHPT.

US is a safe and easily performed method, and almost all
institutions can conduct US examinations. In patients with
PHPT, the sensitivity of US is 63% to 87.5%, and the
specificity is 90% to 98.6%.6–8,13,19 A few reports have in-
dicated that surgeon-performed cervical US is more accu-
rate than MIBI.9,10 The use of MIBI for the routine
diagnosis of PHPT has been gradually increasing. Its sensi-
tivity is generally higher than that of US.3,8,19 The use of
both MIBI and US has improved the accuracy of diagnosis
and localization of parathyroid adenomas.13,14,19,20 Untch
et al9 reported that patients with concordant results between
US and MIBI more frequently undergo successful surgery.
In addition to intraoperative iPTH monitoring, localization
of abnormal glands provides a reliable method for ensuring
complete resection of the parathyroid glands.11,17,21

There are several criteria for intraoperative iPTH mon-
itoring. We used the Miami criteria in this study. In our
results, the sensitivity was .845, the specificity was .5, the
PPV was .980, and the NPV was .100 (Table 1). However,
Table 2 Result of treatments of PHPT patients

Cured† Not cured‡ Total

Concordant 56 0 56
Discordant 2 2* 4
Total 58 2 60

PHPT 5 primary hyperparathyroidism.

*MEN type I suspected patient and double adenomas patient.
†Cured means postoperative normal iPTH level.
‡Not cured means postoperative high iPTH level or resection of an

additional gland(s).
for the results of both MIBI and US, the sensitivity was
.966, the specificity was 1.00, the PPV was 1.00, and the
NPV was .50 (Table 2). Therefore, the results of using
both MIBI and US might be superior to that of the Miami
criteria.

Some reports have indicated that there is a relationship
between the use of minimally invasive surgery and intra-
operative iPTH monitoring.6,7,15,16 Jacobsen et al22 re-
ported that it is not necessary to monitor intraoperative
iPTH or use a gamma probe in PTPH patients who undergo
preoperative MIBI only. In their study, all patients had sin-
gle lesions on MIBI, and the rate of false-negatives was 3%.
In our study, all patients with concordant lesions on MIBI
and US were cured with detected gland resection (true-pos-
itive 100%). Therefore, the combination of MIBI and US is
more accurate at determining the preoperative location of
abnormal glands in PHPT patients.

In patients with preoperative discordant lesions on MIBI
and US, intraoperative iPTH monitoring should be used,
and the possible presence of other parathyroid lesions
should be kept in mind. In fact, in our series of patients, we
were able to treat double parathyroid adenomas during
surgery. In the future, conducting larger prospective studies
would be helpful to confirm the present results.

In conclusion, intraoperative iPTH monitoring is very
useful in patients presenting with 2 or more abnormal
glands or discordant lesions on MIBI and US. When single
concordant lesions are preoperatively identified on MIBI
and US examinations, the use of intraoperative iPTH
monitoring can be abandoned.
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