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Are Additional Localization Studies
and Referral Indicated for Patients
With Primary Hyperparathyroidism
Who Have Negative Sestamibi Scan Results?
Dina M. Elaraj, MD; Rebecca S. Sippel, MD; Sheila Lindsay, RN; Ileana Sansano, MPH;
Quan-Yang Duh, MD; Orlo H. Clark, MD; Electron Kebebew, MD

Hypothesis: Additional imaging studies are useful to select patients who are candidates for minimally invasive
parathyroidectomy, and referral is not indicated when results from a preoperative sestamibi scan are negative.
Design, Setting, and Patients: Prospective analysis
of 492 operations for primary hyperparathyroidism from
May 2005 to May 2007 at a tertiary care center.
Main Outcome Measures: Accuracy of imaging studies, pathologic findings, and biochemical cure.
Results: Among the patients, 96% were cured. Of the sestamibi scan results, 91% were positive and 82% were truepositive. Ultrasonography results were positive in 51% of
patients with negative sestamibi scan results, and 43% were
true-positive. Patients with positive sestamibi scan results compared with those with negative sestamibi scan
results had a higher rate of single-gland disease (87% vs

63%, respectively) and lower rates of double adenoma (6%
vs 22%, respectively) and asymmetric hyperplasia (7% vs
15%, respectively) (P⬍.001). In patients with positive sestamibi scan results compared with those with negative sestamibi scan results, there was no significant difference in
the rate of ectopic parathyroid glands (18% vs 12%, respectively) but there was a significant difference in cure
rate (97% vs 89%, respectively) (P=.008).
Conclusions: Additional imaging with neck ultrasonography is helpful for selecting minimally invasive parathyroidectomy in most patients with primary hyperparathyroidism who have negative sestamibi scan results.
Referral for parathyroidectomy may be considered in patients with negative sestamibi scan results because these
results are associated with multigland disease and lower
cure rates.
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PPROXIMATELY 100 000
new cases of primary hyperparathyroidism (PHPT)
are diagnosed annually.1
Primary hyperparathyroidism is commonly due to a single parathyroid adenoma (80%-87%) followed by
multigland disease (10%-15% asymmetric 4-gland hyperplasia, 2%-5% multiple
adenomas) and, rarely, carcinoma (⬍1%).1
It is one of the most common endocrine
disorders for which parathyroidectomy is
the only effective therapy. There has been
a shift to a focused approach for parathyroidectomy because of improved accuracy of preoperative localizing studies and
the use of intraoperative parathyroid hormone (PTH) testing to confirm biochemical cure. In most medical centers, the most
accurate and first-line localizing study used
in patients with PHPT is a sestamibi scan.2
Positive sestamibi scan results that show
single-gland disease allow a focused approach to be used with high biochemical

(REPRINTED) ARCH SURG/ VOL 145 (NO. 6), JUNE 2010
578

cure rates, similar to those obtained with
bilateral neck exploration.3
Although the accuracy of sestamibi scanning for localizing a parathyroid tumor is
high, especially in patients with singlegland disease, a significant number of patients will have nonlocalizing studies.2 In
such cases, several investigators have demonstrated that the risk of multigland disease is high.4-7 However, some investigators have suggested that a significant
number of patients with PHPT who have
negative sestamibi scan results could still
undergo a focused-approach parathyroidectomy by having additional localizing studies that detect probable single-gland disease.8,9 The most commonly used additional
localizing studies are high-resolution neck
ultrasonography and, more recently, 4-dimensional computed tomography.
Anecdotally, we have observed an increasing number of patients with PHPT who
are referred for parathyroidectomy because their sestamibi scan results were nega-
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tive. Some investigators have also suggested that patients
with PHPT who have negative sestamibi scan results are
more likely to have ectopic parathyroid glands and warrant referral to a tertiary care center with experienced endocrine surgeons.10
There are limited studies, however, that comprehensively address the impact of additional imaging studies on
influencing the parathyroidectomy approach used and that
determine the frequency of ectopic parathyroid tumors and
the outcome of patients with negative sestamibi scan results. We therefore set out to determine whether obtaining additional imaging studies could increase the number of patients who could be identified preoperatively as
having single-gland disease, improve the outcome of parathyroidectomy, and localize the site of disease in a prospective cohort of 487 unselected patients.

Table. Demographic and Clinical Characteristics of Patients
With Primary Hyperparathyroidism
Characteristic
Female, No. (%)
Race/ethnicity, No. (%)
White
Other/not specified
Age, mean (SD), y
History of head and neck radiation, No. (%)
Personal or family history of PHPT, No. (%)
Familial PHPT
MEN-1
MEN-2A
Unknown family history
Type of PHPT, No. (%)
Initial presentation
Persistent disease a
Recurrent disease a
Preoperative calcium level, mean (SD), mg/dL
Preoperative intact PTH level, mean (SD), pg/mL

METHODS
Review of a prospective database identified 487 patients who
underwent 492 neck explorations for PHPT at the University
of California, San Francisco Medical Centers between May 2005
and May 2007. We reviewed demographic, clinical (including
the presence of family history of PHPT and history of exposure to head and neck radiation), preoperative biochemical
(serum calcium and intact PTH levels), and radiographic (highresolution neck ultrasonography performed by boardcertified radiologists and technetium Tc 99m sestamibi scans)
data as well as operative notes, pathology reports, and clinic
follow-up notes 2 to 3 weeks postoperatively. The committee
on human research approved this study at our institution.
Patients underwent a focused-approach parathyroidectomy (operation limited to resection of 1 abnormal parathyroid gland without further neck exploration), unilateral neck
exploration (identification of 2 parathyroid glands on the same
side), or bilateral neck exploration (identification of all 4 parathyroid glands). The intraoperative PTH assay was used as an
adjunct in most cases. Biochemical cure was confirmed by having both postoperative serum calcium and intact PTH values
within the normal range. In cases where either the postoperative calcium or PTH level was elevated, biochemical cure was
defined by the serum calcium level being within the normal
range at least 6 months postoperatively.
The results of the preoperative imaging were compared with
the operative results. A true-positive study was defined as one in
which 1 abnormal parathyroid gland was identified and 1 abnormal parathyroid gland was resected, resulting in biochemical cure.
A study that identified all abnormal parathyroid glands in the case
of multigland disease was also defined as a true-positive study. A
false-positive study was defined as one in which no abnormal parathyroid gland was found on the side identified by the preoperative imaging study. A study that identified more than 1 abnormal parathyroid gland with the intraoperative finding of a single
abnormal gland and subsequent biochemical cure was also defined as a false-positive study. Given that all patients had a biochemical diagnosis of PHPT, there were no true-negative studies. A false-negative study was defined as one that failed to show
all of the abnormal parathyroid glands. Imaging studies of patients with persistent disease after neck exploration (n=20) or
of those who were lost to follow-up (n=6) were designated as unknown and were excluded from accuracy calculations.
Data are presented as mean (SD) or as number (percentage).
Categorical data were compared using the Fisher exact test with
2-tailed P values. A difference was defined as statistically significant when P⬍.05.

Value
382 (78)
412 (85)
75 (15)
59.2 (13.4)
40 (8)
38 (8)
28
8
2
10
431 (88)
48 (10)
13 (2)
11.1 (0.8)
128.4 (89.1)

Abbreviations: MEN, multiple endocrine neoplasia; PHPT, primary
hyperparathyroidism; PTH, parathyroid hormone.
SI conversion factors: To convert calcium to millimoles per liter, multiply
by 0.25; to convert PTH to nanograms per liter, multiply by 1.
a Persistent disease is defined by an elevated serum calcium level with an
inappropriately elevated PTH level 6 months following the initial operation for
PHPT. Recurrent disease is defined by a period of normocalcemia for at least
6 months following the initial operation for PHPT with subsequent elevation
in the serum calcium level and an inappropriately elevated PTH level.

RESULTS

Four hundred eighty-seven patients had 492 neck operations for PHPT (88% initial and 12% reoperation). The
demographic and clinical characteristics of the study cohort are summarized in the Table. The overall biochemical cure rate was 96% and was significantly higher in initial operations (97%) than in reoperations (87%) (P⬍.001).
Results from 447 sestamibi scans were positive (91%)
and 82% were true-positive (Figure). Sestamibi scan results were positive for a single abnormal gland in 391 cases
(87%) and positive for multiple glands in 56 cases (13%).
In patients who had negative sestamibi scan results, ultrasonography results were positive in 51%, and 43% of
cases were true-positive (Figure).
Three hundred thirty-nine patients (69%) underwent
parathyroidectomy via a focused or unilateral approach,
while 153 (31%) underwent bilateral neck exploration. Of
the 480 patients who had 1 or more abnormal parathyroid gland resected, 407 patients (85%) had a single adenoma and 73 (15%) had a double adenoma (n=35 [7%])
or multigland hyperplasia (n=38 [8%]). Twelve patients
had negative results on neck exploration. Patients with positive sestamibi scan results were significantly more likely
to have a focused or unilateral neck exploration for parathyroidectomy (P⬍.001) (Figure).
Patients who had positive sestamibi scan results compared with those who had negative sestamibi scan results were significantly more likely to have single-gland
disease (87% vs 63%, respectively) than multigland disease (double adenoma, 6% vs 22%, respectively; asymmetric hyperplasia, 7% vs 15%, respectively) (P⬍.001).
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492 Neck operations for PHPT

447 With positive
sestamibi scan results

122 Bilateral neck
exploration

110 Cured

45 With negative
sestamibi scan results

23 With positive
ultrasonography
results

325 Focused or
unilateral

11 Not cured
1 Lost to
follow-up

317 Cured

4 Not cured
4 Lost to
follow-up

15 Bilateral
neck
exploration

13 Cured

22 With negative
ultrasonography
results

8 Focused or
unilateral

2 Not cured

8 Cured

16 Bilateral
neck
exploration

14 Cured

1 Not cured
1 Lost to
follow-up

6 Unilateral

4 Cured

2 Not cured

Figure. Results of imaging studies and neck exploration of 492 neck operations for primary hyperparathyroidism (PHPT).

Eighteen percent of patients with positive sestamibi scan
results had ectopic parathyroid glands vs 12% of patients with negative sestamibi scan results. There was no
significant difference by the site of parathyroid tumor (ie,
ectopic vs normal anatomic sites). We found no significant difference by age, sex, race/ethnicity, and preoperative serum total calcium and intact PTH levels in patients with PHPT who had positive vs negative sestamibi
scan results.
Patients with PHPT who had positive sestamibi scan
results had a higher biochemical cure rate than patients
who had negative sestamibi scan results (97% vs 89%,
respectively; P= .008). We performed a subset analysis
of only patients who were cured, comparing groups with
positive vs negative sestamibi scan results, and also found
a significant difference in the type of parathyroid disease (P⬍.001) and surgical approach used (P⬍.001). We
further performed a subset analysis of patients who underwent only initial neck exploration, because patients
with persistent or recurrent disease often require multiple localizing studies to ensure that the hyperfunctioning and enlarged parathyroid tumor is identified. The differences in the type of parathyroid disease and cure rate
persisted in this subgroup of patients.
COMMENT

Most patients with PHPT have single-gland disease, and
the use of sestamibi scanning has proven to be useful for
selecting patients who would be ideal candidates for a
focused or minimally invasive approach. However, when
sestamibi scan results are negative, the need and utility
of additional imaging studies, their predictive value of
single-gland vs multigland disease, and the implications
on outcome are just beginning to be defined but have not
been comprehensively addressed in a single cohort study.
We found that neck ultrasonography in patients with
negative sestamibi scan results correctly indicated singlegland disease in 54% of patients. Also, negative sestamibi scan results were associated with a higher risk of
multigland disease and lower biochemical cure rates.

The routine use of additional imaging studies to determine whether patients with PHPT have single-gland vs multigland disease has been advocated by some investigators
because when these studies are concordant for 1 enlarged parathyroid gland, the likelihood of a successful focused parathyroidectomy approach with or without the
use of intraoperative PTH measurement is high (⬎95%).11,12
Ultrasonography has been most commonly used in addition to sestamibi scanning at most centers, but 4-dimensional computed tomography has also been used more recently. When the sestamibi scan results are negative and
when an additional imaging study is used, up to 80% of
the cases have been reported to be positive for singlegland disease. We observed a similar rate in our cohort,
and 46% of these patients were able to undergo a focused
approach or unilateral parathyroidectomy with biochemical cure. Our findings suggest that the use of a focused approach is possible in such cases, but intraoperative PTH
measurement should probably be used to confirm biochemical cure. The cost-effectiveness of using localizing
studies in addition to sestamibi scanning is unknown, especially if sestamibi scan results are already positive for
single-gland disease in patients with initial PHPT.13
Negative sestamibi scan results are informative about
which surgical approach may be best to use because they
indicate a higher risk of multigland disease and, in some
studies, a higher risk of an ectopic parathyroid tumor requiring more extensive dissection.4-7,10 We found that 37%
of patients with negative sestamibi scan results had multigland disease, similar to the rates observed by other investigators.4-7 When the sestamibi scan and neck ultrasonography results were negative, 40% of patients had
multigland disease. All of these patients underwent bilateral neck exploration, and the biochemical cure rate
was 100%. Although some investigators have reported
higher rates of ectopic parathyroid tumors in patients with
negative sestamibi scan results, we found no significant
difference in our study cohort. This is not surprising as
sestamibi scanning is better for localizing ectopic parathyroid tumors in the mediastinum, which cannot be imaged with neck ultrasonography.14 We also found that
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the biochemical cure rate in patients with negative sestamibi scan results was lower, even when considering only
patients who underwent initial operation for PHPT.
Limitations of our data include the short follow-up for
most of our patients, which may affect the long-term biochemical cure rates. Other studies, however, have used
normal postoperative calcium levels with or without the
addition of normal postoperative PTH values to define
biochemical cure.15,16
There are no established criteria for referral of patients with PHPT to tertiary care medical centers. Several investigators have suggested that complication rates
are lower in high-volume centers or when the operations are performed by high-volume surgeons.17,18 Most
parathyroidectomies are, however, performed by lowvolume surgeons. Although anecdotal, the number of patients being referred for negative sestamibi scan results
has increased in our practice. Our data suggest that there
is a higher risk of failed neck exploration because of multigland disease in patients with PHPT who have negative
sestamibi scan results. Of course, it is unclear whether
these patients’ outcomes would be any different if they
received their care at a nontertiary care center, but given
that most patients with persistent or recurrent PHPT are
referred to experienced endocrine surgeons, it may be reasonable to suggest that patients with negative sestamibi
scan results be referred to such centers. There are several reasons for this: (1) parathyroidectomy complication rates are lower when performed by a high-volume
endocrine surgeon; (2) localizing studies performed at
tertiary care centers may be more accurate; and (3) nontertiary care centers do not usually have the availability
of parathyroid gland cryopreservation in cases of multigland disease requiring subtotal parathyroidectomy.
In summary, we have found that patients with PHPT
who have negative sestamibi scan results benefit from having additional imaging studies to determine whether they
have single-gland vs multigland disease. Negative sestamibi scan results are associated with a higher risk of multigland disease and lower biochemical cure rates. Therefore, referral for parathyroidectomy to a tertiary care center
may be considered in patients with negative sestamibi scan
results.
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