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Surgery for Hyperparathyroidism
in Image-Negative Patients
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Hypothesis: Patients with primary hyperparathyroid-
ism and negative preoperative localization imaging have
a different outcome than patients with positive imaging.

Design: Prospective single-surgeon case series.

Setting: Referral center.

Patients: Forty-two patients with primary hyperpara-
thyroidism, indications for surgery, and both cervical ul-
trasonographic results and technetium Tc 99m ses-
tamibi nuclear images that were nonlocalizing over a 5-
year span.

Main Outcome Measures: Extent of surgery re-
quired to produce cure; operative findings.

Results: Of 430 patients undergoing surgery for pri-
mary hyperparathyroidism, 351 underwent both ultra-
sonographic and sestamibi imaging. Among 351 pa-

tients, the imaging results of 42 patients did not show
an adenoma, and these patients underwent cervical ex-
ploratory surgery. Of 42 patients, 41 were cured at a mean
follow-up of 90 days; 1 patient underwent surgical re-
exploration and was cured by removal of a mediastinal
adenoma. To achieve initial cure, 12 of 42 patients (28.6%)
required partial thyroidectomy, 9 (21.4%) required par-
tial thymectomy, 17 (40.5%) required paratracheal dis-
section to access or devascularize an obscure adenoma.
Pathologic examination disclosed single adenoma in 26
of 42 patients (61.9%), parathyroid hyperplasia in 14
(33.3%), and double adenoma in 2 (4.8%).

Conclusions: Patients whose preoperative localization
studies fail to localize solitary adenoma commonly require
extensive surgery to cure hyperparathyroidism. Lack of
localizationmaybea reasonablecriteriononwhich tobase
referral of the patient to a high-volume medical center.
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A CCURATE PREOPERATIVE LO-
calization is important to
successful focused para-
thyroidectomy. In the past,
intraoperative parathy-

roid hormone (PTH) level monitoring has
complemented preoperative radio-
graphic testing, allowing surgeons to ob-
serve a physiologic drop in the PTH level
after resection of the affected adenoma. Al-
though technetium Tc 99m sestamibi
imaging and ultrasonography (US) are
highly specific for localization of the af-
fected gland when used together, neither
technique is very sensitive. In the Mayo
Clinic experience of almost 1400 pa-
tients, sestamibi imaging has a sensitivity
of 86%, whereas US has a sensitivity of
61%.1 In a recent review of the experi-
ence at our institution, sestamibi imaging
has a sensitivity of 69%, whereas US has
a sensitivity of 63%.2 Therefore, failure of
either or both techniques to localize an af-
fected adenoma is possible.

Our research group previously showed
that the positive predictive value in local-
izing an affected adenoma can be increased
with the use of US and sestamibi imaging
together and that concordant localization
might negate the need for intraoperative
PTH level monitoring.2 For that reason, we
adoptedthetechniqueofobtainingbothpre-
operative imagingmodalitieswhenever fea-
sible.Despite this, a subsetexistsofpatients
whootherwisehaveclinicalprimaryhyper-
parathyroidism and in whom both tech-
niqueswill fail to localize anaffectedgland.

The characteristics and outcomes of
these image-negative parathyroidecto-
mies in patients with nonlocalizing ses-
tamibi images are not well characterized,
and it is the intent of this study to further
define these lesions. It has been specu-
lated that parathyroid glands with nega-
tive imaging carry a higher incidence of
multiglandular disease, although there
have been only sporadic reports in the lit-
erature specifically studying this issue.3
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METHODS

In this prospective, single-surgeon case series, we gathered clini-
cal data on all patients who underwent surgery for primary hy-
perparathyroidism at Brigham and Women’s Hospital, Boston,
Massachusetts, between January 2000 and June 2005, per-
formed by one of us (F.D.M.). We excluded all patients with re-
nal failure and patients who had recurrent disease. Data re-
corded included operative findings, basic demographics,
preoperative indications, findings of the 2 imaging modalities,
preoperative calcium and PTH levels, rapid PTH assay measure-
ments (if any), and final pathologic diagnosis and follow-up data,
including calcium level at 31⁄2 months after surgery.

The study was approved by the institutional review board
at Brigham and Women’s Hospital; all data collection was per-
formed in accord with regulations defined in the study proto-
col. All identifying information about specific patients was
removed.

All patients with negative imaging went to the operating room
with the intent to undergo a 4-gland exploratory procedure.
Surgical exploration commenced on the right side, and a blood
sample for baseline PTH level measurement was drawn from
the internal jugular vein before any significant dissection or re-
traction was performed. If a clinically evident adenoma was iden-
tified and resected with an associated greater than 50% drop
in PTH level in a second blood sample 10 minutes later, con-
tralateral exploration was abandoned. If no adenoma was found
on the right side, contralateral exploration was pursued until
adenoma or hyperplasia was identified with certainty. We found
that the intraoperative PTH level measurement was helpful when
only a single side was surgically explored and an adenoma was
immediately found, and the assay helped exclude a second ad-
enoma without further exploration. The technique used for rapid
intraoperative PTH assay has been previously described.4 Fur-
ther dissection is ceased during the 10-minute wait time until
the postresection sample PTH level is analyzed.

In cases in which all 4 glands were enlarged (parathyroid
hyperplasia), biopsy specimens were obtained of all 4 parathy-
roid glands to confirm their identity as parathyroid tissue. All
4 were then resected except for a portion of 1 gland approxi-
mating the mass of a single normal parathyroid gland.

Failure to identify an adenoma led to further surgical ex-
ploration on the side of the missing parathyroid gland, con-
sisting of unilateral cervical thymectomy, retroesophageal ex-
ploration, jugular sheath exploration, and division of the thyroid
upper pole vessels to enhance visualization of the region of the
recurrent nerve insertion into the larynx. When this maneu-
ver failed to identify the missing adenoma, partial thyroidec-
tomy was performed on the side of the missing parathyroid gland.
If the missing parathyroid gland was definitively identified as
in the lower position, this thyroid resection included only the
inferior 50% of the thyroid. If the missing parathyroid gland
was thought to be in the upper or lower position, complete par-
tial thyroidectomy was performed.

Failure of the partial thyroidectomy specimen to contain the
abnormal parathyroid, per immediate pathologic examina-
tion, led to paratracheal dissection to remove or devascularize
any occult parathyroid tissue. Paratracheal dissection in-
cludes resection of unilateral paratracheal soft tissue consist-
ing of fat, lymph nodes, and any missing parathyroid tissue from
the space defined by the trachea and esophagus medially, the
pretracheal fascia posteriorly, and the carotid artery laterally.
The upper parathyroid gland, if normal, is preserved on a vas-
cular pedicle extending to the inferior thyroid artery. The dis-
section extends from the level of the insertion of the recurrent
laryngeal nerve into the larynx down to the upper mediasti-
num. The recurrent nerve is preserved.

Statistical analysis was performed using commercially avail-
able software (Sigmaplot; SPSS Inc, Chicago, Illinois). Results
are given as mean (SE) unless otherwise indicated. If needed, com-
parison groups were subjected to 1-way analysis of variance, and
a t test was applied when statistical significance was found.

RESULTS

During 5 years, 430 patients underwent surgery for pri-
mary hyperparathyroidism. Of these, 351 underwent both
US and sestamibi imaging. Among these, 174 had con-
cordant findings, 135 had discordant findings, and 42 did
not show an adenoma by either modality.

All 42 patients underwent cervical exploratory sur-
gery, which commenced on the right side (our usual prac-
tice). In 11 patients, an obviously abnormal right para-
thyroid gland was found and was resected with an
associated drop in the rapid intraoperative PTH assay, con-
sistent with cure. The remaining 31 patients went on to
undergo a contralateral exploratory procedure. Among our
42 patients, no complications, including bleeding, hypo-
calcemia, and vocal cord paralysis or paresis occurred.

Of 42 patients, 41 required no further surgery at a mean
follow-up of 90 days. One patient underwent surgical re-
exploration and was cured by removal of a mediastinal
adenoma, through a median sternotomy, located on the
aortic arch. Among the patients with negative imaging,
12 of 42 (28.6%) required partial thyroidectomy, 9
(21.4%) required partial thymectomy, 17 (40.5%) re-
quired paratracheal dissection to access or devascular-
ize an obscure adenoma. A mean of 4 (range, 1-11) fro-
zen sections per patient were sent for pathologic
examination. Among 42 patients with negative imaging,
final pathologic examination disclosed single adenoma
in 26 (61.9%), parathyroid hyperplasia in 14 (33.3%),
and double adenoma in 2 (4.8%). Of 12 resected thy-
roid specimens, 8 contained intrathyroidal parathyroid
tissue. Resection of affected glands was performed in the
cases of single and double adenomas, and subtotal para-
thyroidectomy, as already described, was performed in
the case of parathyroid hyperplasia. Twenty-six single ad-
enomas were found. Thirteen (6 right upper and 7 right
lower adenomas) were on the right side, and 13 (7 left
upper and 6 left lower adenomas) were on the left side.

COMMENT

Patients with negative imaging represent an important
subset of patients with primary hyperparathyroidism in
whom traditional 4-gland operative exploratory surgery
remains the optimal management because of the in-
creased frequency of multiglandular disease (38% vs 15%
in patients with positive imaging5-7). Based on the find-
ings of this study, these patients perform well with long-
term cure of their disease after undergoing an appropri-
ate surgical procedure. Because of the higher incidence
of multiglandular disease in these patients, surgery needs
to be conducted with a level of suspicion that multiglan-
dular disease exists to ensure that all diseased glands are
resected during the operation.2 If an adenoma is found
immediately and is resected with an associated greater
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than 50% drop in PTH level at 10 minutes after the re-
section, contralateral exploratory surgery in theory can
be abandoned, as was done in several of these cases. How-
ever, the positive predictive value of a fall in intraopera-
tive PTH level is highest in patients with positive imaging,
among whom the incidence of solitary adenoma ex-
ceeds 90%. In the setting of patients having negative
imaging, with a much higher incidence of multiglandu-
lar disease, changes in intraoperative PTH levels have
lower positive predictive value, and interpretations should
be made with care. Therefore, the wiser strategy in the
case of a rapidly discovered parathyroid adenoma in a
patient with negative imaging might be to continue the
surgical exploration to ensure that further abnormal tis-
sue is not present.

The incidence of patients with negative imaging is sig-
nificant. Based on a review8 published in 1980, the mean
annual incidence of primary hyperparathyroidism is 51
cases per 100 000. In review of our experience, 14% of
these do not have an adenoma that can be found using
sestamibi imaging or US. Other centers at which both of
these preoperative imaging modalities are used report a
similar rate of negative imaging, ranging from 12% to
18%.3,9 Findings from another study10 suggest that ses-
tamibi imaging–negative cases have histologic findings
that are different from those associated with hyperpara-
thyroidism. This nuclear medicine study histologically
compared parathyroid specimens from patients with nega-
tive preoperative nuclear imaging with those from pa-
tients with positive imaging, and the authors conclude
that patients with negative imaging have a higher pre-
ponderance of chief cells than do patients with positive
imaging, who had a higher incidence of oxyphilic cells.
Others report that sestamibi imaging–negative hyper-
parathyroidism is associated with smaller adenomas than
are positive-imaging cases.11 The PTH levels associated
with these small adenomas were also less than the PTH
levels from positive-imaging cases. This group previ-
ously reported a direct relationship between serum PTH
levels and adenomatous gland weight.12 We did not ad-
dress this issue. However, the common need for exten-
sive surgical exploration, including paratracheal dissec-
tions and thyroid resections, indicates (at the least) that
the frequency of occult parathyroid adenomas and dif-
ficult explorations is increased in patients with negative
imaging. Our data do not support this finding.

The length of patient follow-up after surgery that is
necessary to determine whether a patient is cured is a ma-
jor ambiguity in the parathyroid surgery literature. To
our knowledge, other than the already-mentioned single
patient with the adenoma on the aortic arch, there has
not been persistent or recurrent disease in the patients
described herein.

Although solitary adenomas account for most abnor-
malities in this subset of patients with negative imaging,
parathyroid exploratory surgery often and unpredict-
ably requires more extensive neck exploration, includ-
ing paratracheal dissection, thymectomy, and partial thy-
roidectomy. The immediate availability of intraoperative

rapid PTH monitoring and of expert frozen section analy-
sis is important to accomplish successful cures. This sug-
gests the need for referral of these patients to high-
volume medical centers for parathyroid surgery.
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