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Objective
To decrease the operative time for parathyroidectomy in patients with hypercalcemic (primary)
hyperparathyroid disease, a combination of preoperative localization of a parathyroid tumor with
an effective nuclear scan (scintigram) and intraoperative monitoring of parathyroid hormone
(quick parathyroid hormone measurement) to ensure excision of all hyperfunctioning tissue was
studied.

Summary Background Data
For many years, persistent hypercalcemia after parathyroidectomy (3% to 10%) has been
constant and is usually due to the surgeon's failure to remove all hyperfunctioning glands. A
marked decrease in parathormone level after excision of a single large gland predicts operative
success and a return to normal calcium levels. Conversely, persistent high levels of parathyroid
hormone indicate excess secretion by another gland(s) and the need for further exploration.
Recently Tc-99m-sestamibi (MIBI) scintigraphy was shown to be more effective in localizing
parathyroid tumors than previous methods. A combination of both techniques could be useful to
the surgeon if they improve the operative success rate and are cost-effective.

Methods
Parathyroidectomy was performed on 18 patients with primary hyperparathyroid disease, with
tumors localized by MIBI scintigrams. When excision of the identified parathyroid gland was
accomplished, the operation was terminated and quick parathyroid hormone was measured to
confirm that all hyperfunctioning tissue was removed.

Results
Sixteen patients with positive results of scintigram had successful parathyroidectomies confirmed
by quick parathyroid hormone measurement with a cervical approach. Two patients with
mediastinal tumors localized by MIBI scintigraphy could not be resected using this approach. One
false-positive/false-negative scintigram was obtained. Compared with patients having
parathyroidectomy without localization and hormone monitoring, the average operative time was
shortened from 90 to 36 minutes.

Conclusions
Localization and successful excision of parathyroid tumors with confirmation that no other
hyperfunctioning glands were present by quick parathyroid hormone monitoring can predict a
return to normal calcium levels and a decrease in operative time in parathyroidectomy.
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Patients with hypercalcemic (primary) hyperparathy-
roid disease have been treated successfully using para-
thyroidectomy, with reported cure rates of90% to 96%.1
However, persisting postoperative hypercalcemia in 3%
to 10% of patients has been a consistent finding in large
series ofpatients for many years.2" Sometimes these fail-
ures are by a misdiagnosis or an aberrant location of the
tumor (mediastinum). More often, operation is unsuc-
cessful because the surgeon fails to identify and remove
all hyperfunctioning parathyroid glands. Because more
than one gland is effected in 7% to 26% of patients, many
surgeons remove the obviously enlarged gland and thor-
oughly explore both sides of the neck." 2'5 Further re-
moval of parathyroid tissue is then based on the size and
appearance of the remaining glands and the surgeon's
experience.

Tc-99m-sestamibi scintigraphy has been shown to be
an effective method for localizing parathyroid tumors.68
With accurate localization using this technique, a quick
and direct surgical procedure can be performed that
identifies and excises the parathyroid tumors. If the
surgeon could be sure that other hyperfunctioning glands
were not present, further exploration would not be
needed and the operation could be terminated rapidly.
Intraoperative measurement of intact parathyroid hor-
mone (PTH) provides the surgeon with a quantitative
test that predicts the postoperative serum calcium level
and can justify early closure or further exploration for
hyperfunctioning parathyroid tissue.9"0 A combination
ofthese two techniques, if it improves the success rate of
parathyroidectomy, shortens the time of surgery, or
both, and is cost-effective, suggests a new surgical ap-
proach in patients with primary hyperparathyroid dis-
ease.

METHODS

Eighteen consecutive patients with established hyper-
calcemic (primary) hyperparathyroid disease had cervi-
cal explorations for treatment ofthe disease. All patients
had elevated preoperative serum calcium levels averag-
ing 12.3 mg/dL (range, 10.2 to 12.8 mg/dL) and intact
PTH levels above the normal range for the assays used.
Two patients had previous neck explorations for thyroid
or parathyroid disease. All patients had normal renal
function, except for one (serum creatinine, 2.1 mg/dL)
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with a late recurrence 10 years after his first parathyroid-
ectomy.
As part of the preoperative evaluation, a Tc-99m-ses-

tamibi (DuPont Merck Pharmaceutical, Billerica, MA)
parathyroid scintigram was performed. The usual dose
was 20 to 25 mCi injected intravenously, followed im-
mediately by planar (Picker Corp., Northford, CT) and
tomographic reprojection (single photon emission com-
puted tomography) (Trionix Research Laboratory,
Twinsburg, OH) scintigrams. Subsequently patients
were examined again approximately 2 hours after injec-
tion. The delay between the early and late scintigrams
allowed the preferential uptake by the parathyroid tumor
to be visualized after dissipation of most of the isotope
from surrounding tissues such as the thyroid gland. " All
patients had positive results of scintigrams, with tumor
images localized either in the right or left neck or in the
mediastinum. Interpretation of planar images was per-
formed as usual, whereas the tomographic images were
reviewed on a computer monitor allowing a three-di-
mensional reprojection rotating image of the neck and
upper chest, which helped define the location ofthe para-
thyroid tumor in depth and position relative to the thy-
roid gland and other anatomic landmarks.
The surgical procedure in each case was based on the

location of the parathyroid tumor as identified by the
nuclear scintigram. After general endotracheal anesthe-
sia, a low cervical incision was made, skin flaps were
raised, and the strap muscles were opened in the midline.
Exploration was directed to the site identified before op-
eration and any grossly abnormal-appearing parathyroid
gland was removed and sent to the pathology laboratory
for histologic confirmation. At this point, no further dis-
section was done and the wound was closed. Five min-
utes after excision of tissue, a peripheral venous blood
sample was obtained and processed for quick parathy-
roid hormone (QPTH) determination. Light anesthesia
was maintained until the results ofthe QPTH assay were
available. Ifthe hormone level decreased substantially in
the 5-minute postexcision sample (as defined below), the
patient was awakened and returned to the recovery
room. On the other hand, if there was little or no de-
crease in the PTH level, the closed wound was opened
and exploration continued for any remaining hyperfunc-
tioning glands.
Measurement of the intact PTH, which has a half-life

of 3 to 4 minutes, was done by an intraoperative immu-
noradiometric assay (IRMA) in nine patients. As pre-
viously described,9"10 perioperative 6-mL blood samples
were taken from a peripheral vein at the following times:
after induction of anesthesia but before any incision; af-
ter dissection and just before tumor excision; and 5 min-
utes, 10 minutes, and 20 minutes after parathyroid exci-
sion. Each sample was divided into two tubes: one for
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later PTH determination by a standard 24-hour IRMA
(INCSTAR Corp., Stillwater, MN or Nichols Institute
Diagnostics, San Juan Capistrano, CA) and the other
shaken in ethylenediamine tetraacetic acid for anticoag-
ulation and use in the QPTH assay.
Quick PTH was measured with a modification of a

commercially available two-site antibody immunoradio-
metric assay (INCSTAR Corp.) using a small portable
gamma counter (MGM Electronics, Hamden, CT) in or
just outside the operating room; turnaround time of the
assay is 12 minutes. A decrease in the PTH level of 50%
or more in the 5-minute postexcision sample compared
with the highest preoperative or pre-excision sample was
used to predict a return to normal calcium levels after
operation. Using this assay in patients with primary hy-
perparathyroid disease, we previously reported that a
50% decrease in the 10-minute postexcision sample has a
sensitivity rate of96% and overall accuracy rate of97%.'O
More recently, we used a modified immunochemi-

luminescence assay (ICMA) for intraoperative monitor-
ing of intact PTH (Nichols Institute Diagnostics). This
two-site antibody assay is similar to the IRMA but uses
acridinium ester as a label instead of radioisotopes.12"13
Quick PTH is measured in the operating room using a
small portable luminometer (MGM Electronics, Ham-
den, CT) with a turnaround time ofless than 15 minutes.
Modifications of the standard 2-hour ICMA include us-
ing ethylenediamine tetraacetic acid plasma after ultra-
centrifugation (Brinkmann Instrument Co., Westburg,
NY) for 30 seconds, shaking at 800 rpm, heating to 45
C with a heat-controlled shaker (IKA-Works, Staufen,
Germany) for 10 minutes, washing with buffered saline,
and counting duplicate tubes for 2 seconds each in the
luminometer. The intact PTH level in each sample is
measured in relative light units and expressed by com-
puter analysis in picrograms per deciliter based on a pre-
calculated standard curve. The percentage decrease is
measured from the highest preoperative or pre-excision
PTH level, as described for the IRMA.9 Again a decrease
of more than 50% in the 5-minute postexcision sample
was considered to be predictive ofa postoperative return
to normal calcium levels. This assay was shown to be
more sensitive than.the IRMA and was used for intraop-
erative monitoring in the last seven patients reported in
this series.

Using the approach described, confirmation that all
hyperfunctioning parathyroid tissue has been removed is
available between 17 and 20 minutes after excision ofthe
parathyroid adenoma, often before the histologic report
on the frozen section is available.

RESULTS
Figure 1 shows a representative scintigram in 1 of the

18 patients operated on in this series; a parathyroid tu-

Figure 1. Comparison of planar scintigrams performed immediately (left)
and 2 hours after (right) injection of 20 mCi of Tc-99m-sestamibi. A para-
thyroid tumor near the inferior pole of the right thyroid lobe is best seen in
the delayed scintigram.

mor is clearly identified in the right neck, with proximity
to the thyroid gland when the early and late planar im-
ages are compared. In Figure 2, selected views of the re-
projection single photon emission computed tomo-
graphic study show the three-dimensional computer ro-
tating image in the same patient, which places the
parathyroid tumor just below and dorsal to the inferior
pole of the right lobe of the thyroid gland. This type of
localization helps the surgeon enormously to shorten the
operative procedure. In the 16 patients with tumors lo-
calized in the neck, all had successful parathyroidecto-
mies resulting in normal calcium levels after operation.
In one patient, the scintigram provided both false-posi-
tive and false-negative information, suggesting a tumor
laterally and superior to the thyroid lobe and missing its
true inferior position. At operation in this patient, a large
parathyroid tumor was found inferior to the thyroid in
juxtaposition to the trachea, removal of which was fol-
lowed by a 50% decrease in QPTH 5 minutes later; a
thorough search of the area suspected on the basis of the
scintigram, including biopsy of a normal-sized superior

Figure 2. Anterior (right), oblique (middle), and lateral (left) views from a
computer-generated three-dimensional reprojection of early (above) and
delayed (below) MIBI single photon emission computed tomography. The
parathyroid tumor is localized inferiorly and dorsally to the right lobe of the
thyroid gland.
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Figure 3. Early (left) and delayed (right) planar views of an MIBI scinti-
gram showing a parathyroid tumor in the mediastinum. Attempted para-

thyroidectomy through a cervical incision was unsuccessful. Note the un-

usual distance of the parathyroid tumor from the thyroid gland.

parathyroid gland, revealed no other abnormal tissue.
Two patients had scintigrams localizing parathyroid tu-
mors in the mediastinum. Figure 3 shows the unusual
distance between the hyperfunctioning parathyroid and
the thyroid gland in one of these patients. Attempts at
operative ablation of these tumors through cervical inci-
sions, including partial thymectomies and extensive ex-

plorations of the anterior mediastinum, were unsuccess-

ful. Further study showed that the tumor pictured in Fig-
ure 3 was located in the aortic window. Both patients
with mediastinal tumors are awaiting reoperation.

After excision ofwhat was thought to be a parathyroid
tumor localized previously by the MIBI scintigram, con-

firmation by QPTH assay that all hyperfunctioning para-

thyroid tissue had been removed was reported in 13 of
16 patients (Table 1). Patient 7 had a false-negative
QPTH assay (36% decrease). The percentage decrease in
QPTH in patient 9 (32%) indicated that the surgeon had
overlooked a hyperfunctioning parathyroid gland after
mistakenly excising a large hyperplastic lymph node, as

diagnosed later by histopathologic examination. Based
on this information, the same area was re-explored and
a parathyroid adenoma was found and the QPTH de-
creased by 63% 10 minutes after excision. The delay re-

sulting from these repeated assays and the extended sur-

gical exploration added 2 hours ofoperative time, but the
QPTH assay successfully prevented an operative failure.
Patient 10, who had a previous thyroidectomy, did not
meet the 50% decrease threshold in the 5-minute postex-
cision QPTH sample. This was confirmed later by the
24-hour IRMA control. However, there was a 70% de-
crease in the QPTH in the 10-minute postexcision sam-

ple, suggesting that continued manipulation of the re-

maining normal glands after the excision ofthe adenoma
delayed the measured decrease in PTH in the 5-minute
sample. In this small series, one false-negative QPTH as-

say occurred using the immunoradiometric technique.
The intraoperative PTH assay predicted a return of

normal calcium levels after operation in 15 of 16 pa-

tients. This allowed the surgeon to complete the proce-

dure without a time-consuming search for the remaining
parathyroid glands. The average skin-to-skin operative
time was 36 minutes. As shown in Table 1, the two out-
liers were patient 1, who had had two previous parathy-
roidectomies, and patient 9, whose prolonged operative
course is described above. For comparison, the average
operative times for 10 consecutive patients having para-
thyroidectomy for primary hyperparathyroid disease by
the same surgeon without using MIBI scintigraphy or in-
traoperative PTH monitoring was 90 minutes.

DISCUSSION
Parathyroidectomy, when performed by experienced

surgeons, is very successful in patients with hypercalce-
mic (primary) hyperparathyroid disease, with cure rates
of 90% to 96%.' On the other hand, the failure rate for
this operation has not changed much during the last two
decades. In our series of patients, persistent hypercalce-
mia after parathyroidectomy was 10% in 1972'4 and 7%
in 1991.9

In the last 2 years, 3 of 42 patients (7%) remained hy-
percalcemic after their first parathyroidectomy. Our ex-
perience with MIBI parathyroid scintigraphy suggests
that these three patients could have been spared failed
operations. Two patients had positive results of scinti-
gram with localized tumors in the mediastinum. Al-
though most parathyroid tumors in the anterior medias-
tinum can be removed through a cervical incision, we
have subsequently learned that when the distance be-
tween the thyroid and the parathyroid tumor is as great
as shown in Figure 3, further localizing studies are
needed to establish the best operative approach, either
by thoracotomy or median sternotomy. We would not
recommend a cervical approach under these circum-
stances. The third unsuccessful parathyroidectomy was
done on a patient in the surgical intensive care unit with
severe pancreatitis, hypercalcemia, and a contaminated
tracheostomy wound who was dependent on a ventila-
tor. Ultrasonography suggested a parathyroid mass in the
right neck, and exploration was done through a right lat-
eral incision to isolate the tracheostomy. No tumor was
found and the operation was aborted because of the pa-
tient's unstable condition. Two days later, a large (2 cm)
parathyroid adenoma behind the left lobe of the thyroid
was removed on repeated exploration. Today, a tumor
of this size would probably be localized correctly using
an MIBI scintigram, thus indicating the appropriate op-
erative approach to the left-sided lesion. Increased expe-
rience with and availability ofMIBI scintigraphy proba-
bly would have prevented these three unsuccessful para-
thyroidectomies, thereby enhancing our success rate.
Any technical modality offered to enhance surgical

practice must be justified by its ability to increase the suc-
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Table 1. COMPARISON OF QPTH ASSAYS, STANDARD 24-HOUR IRMA CONTROLS,
OPERATIVE TIMES, AND SIZE OF EXCISED PARATHYROID GLANDS

QPTH 24-Hour PTH IRMA

Highest Highest
Preoperative or 5-Minute Preoperative or 5-Minute Size of Excised Operation

Patient Preexcision Post-Excision Decrease Pre-Excision Post-Excision Serum Control Parathyroid Time
No. (pg/dL) (pg/dL) (%) (pg/dL) (pg/dL) Decrease (%) (cm) (min)

1 291 83 71 407 150 63 3.0 x 2.0 x 0.5 86
2 265 79 70 182 52 71 1.6 x 0.8 x 0.3 36
3 511 239 53 727 269 63 3.0 x 2.0 x 0.8 24
4 666 58 91 385 81 79 2.5 x 1.8X 1.0 28
5 280 96 66 301 124 59 2.0 x 1.5 x 1.0 16
6 688 284 59 688 284 59 1.7 x 0.8 x 0.6 20
7 336 214 36 153 56 63 1.5 x 0.9 x 0.9 13
8 324 130 60 182 61 66 2.2 x 1.5 x 1.0 22
9 465 315 32 97 99 0
9a 520 193 63 84 24 71 3.0 x 2.0 x 1.0 120
10 64 48 25 124 67 46 2.0 x 1.0 x 0.7 40
1 Oa 64 19* 70 124 17* 86
11 240 119 50 430 138 68 1.0x1.0x1.0 40
12 456 195 57 1310 486 63 1.5X1.5X1.2 20
13 508 181 64 134 39 71 1.2 x 0.7 x 0.5 25
14 158 54 66 122 46 62 1.2 x 1.0 X 0.4 24
15 60 23 62 94 30 68 1.3 x 1.2 x 1.0 29
16 100 32 68 99 32 68 1.7 x 1.5 x 0.7 35

* Delayed, 10 minute post-excision sample.

cess of the operation and its cost-effectiveness. The cost
of each MIBI scintigram is approximately $600; if ap-
plied to all 42 patients ($25,200) to improve the success
rate by saving three repeated operations ($24,000), pre-
operative MIBI scintigraphy in all patients is an expense
that is not easily justified. Our approach of combining
this effective but costly localizing technique with intra-
operative PTH monitoring is designed to ensure not only
a successful operation but one that is completed in the
shortest possible time, thereby reducing operating room
and anesthesia costs. Extended operative time usually re-
sults from dissection and exploration to identify the re-
maining parathyroid glands. The results reported here
using the QPTH assay as a "biochemical frozen section"
make routine examination of the remaining glands un-
necessary, thereby shortening the operative time in most
cases. In our medical center, operating room costs in-
crease by approximately $1,000 for each 30 minutes af-
ter the first hour. In the patients described here, in whom
these techniques were applied, average operative time
was decreased to 36 minutes from the 90 minutes re-
quired in other patients not subject to these procedures.
Projection of an average saving of $1000 per patient in
operating room charges suggests a strong basis for cost-
effectiveness.

Parathyroid hormone monitoring may be unnecessary

when the patient has a positive result ofMIBI scintigram.
In the small series of patients described here, one scinti-
gram was incorrectly interpreted and one well-localized,
hyperfunctioning gland was overlooked. In these two pa-
tients, the QPTH assay correctly identified the problems,
thus helping to ensure successful parathyroidectomy.
The sensitivity and specificity rates ofMIBI parathyroid
scintigram and its ability to localize all hyperfunctioning
glands have not been determined. Therefore, without in-
traoperative PTH monitoring, it would still be necessary
to examine all four parathyroid glands even when a sin-
gle hyperfunctioning gland is seen on the scintigram. The
need for this is clear because 14% of414 our patients with
primary hyperparathyroid disease had more than one
hyperfunctioning gland.
Although the immunoradiometric QPTH assay has

been used successfully for intraoperative monitoring in
our medical center for the past 3 years, this method has
two disadvantages. The radioisotopic label has a short
half-life, which limits the time of utility for each assay
kit, and the test has a false-negative rate of 15%. The
modified two-antibody ICMA appears to be more sensi-
tive and stable than the IRMA. The ICMA kit shelf-life
of 6 months makes it more practical for intraoperative
use. Clinical validation of this assay is limited by the
small number of patients in our series, but a correlation
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ofthe ICMA QPTH results and the 24-hour IRMA con-
trol appears satisfactory. Kao and associates,'5 using a
similar chemiluminescence method to measure intact
PTH, reported very good correlation of their intraopera-
tive assay with a 15-minute incubation time and their
standard 18-hour assay. The cost of intraoperative PTH
monitoring has not been determined at this stage of its
development.
The combination of MIBI parathyroid scintigram for

accurate localization oftumors and rapid intraoperative
determination ofpossible hypersecretion by the remain-
ing glands after tumor excision is a useful surgical ad-
junct. Using a combination ofthese two new techniques,
operating time has decreased, which suggests a cost-
effective approach to improving the success rate of para-
thyroidectomy.
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Discussion

DR. JOHN P. WEI (Augusta, Georgia): Today, Dr. Irvin has
attempted in this circumstance to join two new emerging tech-
nologies in the hopes of improving the success of initial para-
thyroidectomies for patients with primary hyperparathyroid-
ism. As with any emerging new technique, an experience to
define the limitations and refinement ofthe techniques are nec-
essary, and delineation of areas ofpotential failure is necessary
prior to wide dissemination and common use of these tech-
niques. In the old days, when a woman was first found to be
with child, people had to wait until the rabbit died before they
knew she was pregnant. Nowadays, all you have to do is look
in the bottom of the test tube and see whether it turns blue or
not. Now until parathyroid localization can be developed to the
point that it can be done in a rapid time and in such a manner
that everyone can apply it with a 100% success rate, then by
and large it should still be considered investigational. First, the
nature of the parathyroid embryological development and po-
tential mediastinal descent will always contribute to a small
percentage of initial parathyroid surgical failure. As in Dr. Ir-
vin's case, two out of his 18 patients in this series were surgical
failures because of this anatomic constraint. I ask Dr. Irvin if,
given successful preoperative localization, he would proceed to
mediastinotomy for resection if he has sufficient confidence in
his techniques that he would open the sternum after a failed
surgical operation. Second, the limits of resolution of any ra-
dionuclide study will always be dependent upon the atomic
physics of that isotope. By and large, most of the currently ex-
isting technologies have fallen by the roadside. Technetium-
thallium has been deemed a failure by John Doppman. A year
and a halfago in Miami, he basically stated that, as they quoted,
"All you need is a good surgeon to find the parathyroid ade-
noma." The limitations of the test have to considered in the
utilization ofthat test. The physical relationships to the thyroid
gland and specific pathologic anomalies of a thyroid may give
rise to difficulties in interpretation ofthat test. As Dr. McGarity
showed, it is possible to have false-positives because ofthyroid
pathology. And as Dr. Irvin himself noted, he had two cases in
which he had difficulty with interpretation of his scans. Third,
the ultimate success rate of the operation is dependent upon a
surgeon and his capability to recognize and identify intraoper-
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