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Abstract
The purpose of the current study was to investigate the diagnostic performance of F-18 Fluorocholine (FCH) positron
emission tomography/computed tomography (PET/CT) for localization of hyperfunctioning parathyroid gland in patients
with hyperparathyroidism (HPT) through a systematic review and meta-analysis. The MEDLINE/PubMed and EMBASE
database, from the earliest available date of indexing through April 30, 2018, were searched for studies evaluating the
diagnostic performance of F-18 FCH PET/CT for localization of hyperfunctioning parathyroid gland in patients with
HPT. We determined the sensitivities and specificities across studies, calculated positive and negative likelihood ratios
(LR+ and LR−), and constructed summary receiver operating characteristic curves. Across eight studies (272 patients),
the pooled sensitivity for F-18 FCH PET/CT was 0.90 (95% CI, 0.86–0.94) without heterogeneity (I2 = 7.1) and a pooled
specificity of 0.94 (95% CI, 0.90–0.96) with heterogeneity (I2 = 79.8). Likelihood ratio (LR) syntheses gave an overall
positive likelihood ratio (LR+) of 5.3 (95% CI, 1.2–24.3) and negative likelihood ratio (LR−) of 0.15 (95% CI, 0.08–
0.29). The pooled diagnostic odds ratio (DOR) was 38 (95% CI, 8–174). Hierarchical summary receiver operating
characteristic (ROC) curve indicates that the areas under the curve were 0.9492 (SE, 0.0215). In meta-regression
analysis, no definite variable was the source of the study heterogeneity. The current meta-analysis showed the high
sensitivity and specificity of F-18 FCH PET/CT for localization of hyperfunctioning parathyroid gland. At present, the
literature regarding the use of F-18 FCH PET/CT for localization of hyperfunctioning parathyroid gland remains still
limited; thus, further large multicenter studies would be necessary to substantiate the diagnostic accuracy of F-18 FCH
PET/for localization of hyperfunctioning parathyroid gland in patients with HPT.
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Introduction

Hyperparathyroidism (HPT) is a clinical condition character-
ized by increased secretion of parathyroid hormone (PTH). It
occurs mainly in two forms of primary hyperparathyroidism
(pHPT) and secondary hyperparathyroidism (sHPT). Also, it
could occur as a tertiary hyperparathyroidismmainly in chron-
ic renal failure patients.

pHPT is the third most common endocrine disorder, with the
highest incidence in postmenopausal women [1]. It is character-
ized by hypercalcemia associated with either elevated or non-
suppressed serum intact PTH levels. Most cases of pHPT are
caused by a parathyroid adenoma and most of them are solitary
lesion. Other causes include hyperplasia, double adenomas while
parathyroid carcinoma is extremely infrequent [2, 3].
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Once the diagnosis is made, patients can be treated with
either medication or surgery. However, the effective treatment
is the removal of the affected parathyroid glands. Preoperative
localization of the abnormal parathyroid glands could bemade
with various anatomical imaging modalities such as ultraso-
nography (US), computed tomography (CT), magnetic reso-
nance imaging (MRI). The functional imaging techniques of
Tc-99m sestamibi dual phase imaging have been used for
localization of abnormal parathyroid glands [4].

Recently, F-18 Fluorocholine (FCH) positron emission
tomography/computed tomography (PET/CT) was known
to be able to identify pathologic parathyroid glands [5, 6].
Choline is a part of the phospholipid layer in the cell mem-
brane. It is hypothesized that the abnormal hyperfunction-
ing parathyroid gland lesions (adenoma and/or hyperplasia)
revealed increased cellular proliferation, metabolism, and
upregulation of choline kinase activity leading to enhanced
choline uptake which allows greater imaging efficacy for
the detection of abnormalities using F-18 FCH PET/CT
[7]. However, not much data are available on the diagnostic
performance of F-18 FCH PET/CT for localization of hy-
perfunctioning parathyroid gland in patients with either
pHPT or sHPT. Some recent interesting studies have re-
vealed promising and excellent results of F-18 FCH PET/
CT in patients with HPT even with inconclusive conven-
tional imaging results [8–12].

The purpose of our study is to meta-analyze published data
on the diagnostic accuracy of F-18 FCH PET/CT for localiza-
tion of hyperfunctioning parathyroid gland, in order to provide
more evidence-based data and to address further studies in the
evaluation of HPT patients.

Methods

Data Sources and Search Strategy

We conducted electronic English-language literature
searches of MEDLINE/PubMed and Embase database from
the earliest available date of indexing through April 30,
2018.We also hand-searched the reference lists of identified
publications for additional studies. We used a search algo-
rithm based on a combination of terms (1) BPET^ OR
Bpositron emission tomography^ OR Bpositron emission
tomography/computed tomography^ OR BPET/CT^ OR
Bpositron emission tomography-computed tomography^
OR BPET-CT^ and (2) Bhyperparathyroidism^ OR
Bparathyroid^ OR BHPT^ and (3) BFluorocholine.^

Study Selection

The inclusion criteria for relevant studies were as follows: F-
18 FCH PET/CT had been used to localize hyperfunctioning

parathyroid gland; sufficient data to reassess sensitivity and
specificity of F-18 FCH PET/CT for localization of parathy-
roid or absolute numbers of true positive, true negative, false
positive, and false negative data had been presented; and no
data overlap.

The duplicated publications were excluded, as were publi-
cations such as review articles, case reports, conference pa-
pers, and letters, which do not contain the original data. Two
researchers independently reviewed titles and abstracts of the
retrieved articles, applying the abovementioned selection
criteria. Articles were rejected if clearly ineligible. The same
researchers independently evaluated the full text of the includ-
ed articles to determine their eligibility for inclusion of the
current review.

Data Extraction and Quality Assessment

Information about basic study (authors, year of publication,
and country of origin), study design (prospective or retro-
spective), patients’ characteristics and technical aspects
were collected.

Each study was analyzed to retrieve the number of true
positive (TP), true negative (TN), false positive (FP), and false
negative (FN) findings of F-18 FCH PET/CT for localization
of hyperfunctioning parathyroid gland, according to the refer-
ence standard. Only studies providing such complete informa-
tion were finally included in the meta-analysis.

The overall quality of the included studies in this review
was critically appraised by two authors independently, based
on 15-item modified Quality Assessment of Diagnostic
Accuracy Studies (QUADAS2) [13]. Discrepancies between
the researchers were resolved by discussion.

Data Synthesis and Analysis

All data from each eligible study were extracted. The primary
objective was to estimate the sensitivity and specificity and the
positive and negative likelihood ratios (LR+ and LR−, respec-
tively) with 95% confidence intervals (CIs) and diagnostic
odds ratios (DORs) with 95% CIs. A DOR can be calculated
as the ratio of the odds of positivity in a disease state relative to
the odds of positivity in the non-disease state, with higher
values indicating better discriminatory test performance [14].
Between-study statistical heterogeneity was assessed using I2

and the Cochrane Q test on the basis of the random-effects
analysis [15]. We used the bivariate random-effects model for
analysis and pooling of the diagnostic performance measures
across studies, as well as comparisons between different index
tests [16, 17]. The bivariate model estimates pairs of logit
transformed sensitivity and specificity from studies, incorpo-
rating the correlation that might exist between sensitivity and
specificity. Each data point of the summary receiver operator
characteristic (SROC) graph comes from an individual study;
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then, the SROC curve is formed based on these points to form
a smooth curve to reveal pooled accuracy [18]. When statisti-
cal heterogeneity was substantial, we performed meta-
regression to identify potential sources of bias [19]. Two-
sided p ≤ 0.05 was considered statistically significant.
Statistical analyses were performed using Meta-Disc statisti-
cal software version 1.4 [20].

Results

Literature Search and Selection of Studies

After the comprehensive computerized search was performed
and references lists were extensively cross-checked, our re-
search yielded 59 records, of which 12 records of duplicated
abstracts were excluded after reviewing the title and abstract.
Also, non-relevant 19 studies, 2 case reports, 11 conference
abstracts, and 2 review articles were excluded. Remaining 13
full-text articles were assessed for eligibility and 5 articles
were excluded due to insufficient data for the calculation of
sensitivity and specificity of F-18 FCH PET/CT for localiza-
tion of hyperfunctioning parathyroid gland in patients with
HPT. Finally, eight studies were selected and were eligible
for the systematic review and meta-analysis and no additional
studies were found screening the references of these articles
[21–28]. The characteristics of the included studies are pre-
sented in Table 1. The detailed procedure of study selection in
the current meta-analysis is shown in Fig. 1.

Study Description, Quality

We conducted all analyses based on per-lesion data.
Among those eight studies included in the current review,
four studies enrolled patients prospectively [21, 23, 26,
28]. Other four studies enrolled patients retrospectively
[22, 24, 25, 27]. There was a total of 272 patients in the
included studies, and the age ranged from 22 to 87 years.
A total 63 patients were male, and 192 patients were fe-
male. One study did not report the number of male and
female patients in their population [27]. All eight studies
analyzed the F-18 FCH PET/CT images visually. Five
studies [21–23, 25, 28] included pHPT patients and three
studies [24, 26, 27] included mixed pHPT and sHPT pa-
tients. The median value of preoperative serum calcium
level was 2.68 mmol/l and ranged from 1.08 to 3.33. Two
studies did not report the preoperative serum calcium lev-
el in their studies [26, 27]. The median value of preoper-
ative PTH level was 132 pg/ml and ranged from 15 to
1946. The principal characteristics of the eight studies
included in the meta-analysis are included in Table 1. Ta
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Methodological Quality Assessment

Figure 2 shows the risk of bias and applicability concerns
summary of the included studies, and overall, the quality of
the included studies was deemed satisfactory.

Diagnostic Accuracy of F-18 Fluorocholine PET/CT

The diagnostic performance results of F-18 FCH PET/CT for
localization of hyperfunctioning parathyroid gland in the eight
included studies are presented in Fig. 3. The pooled sensitivity

for F-18 FCH PET/CTwas 0.90 (95% CI, 0.86–0.94) without
heterogeneity (I2 = 7.1, p = 0.375) and a pooled specificity of
0.94 (95% CI, 0.90–0.96) with heterogeneity (I2 = 79.8, p =
0.000). LR syntheses gave an overall positive likelihood ratio
(LR+) of 5.3 (95% CI, 1.2–24.3) and negative likelihood ratio
(LR−) of 0.15 (95% CI, 0.08–0.29). The pooled DOR was 38
(95%CI, 8–174). Forest plots of the sensitivity and specificity
of F-18 FCH PET/CT are shown in Fig. 3. Figure 4 shows
hierarchical summary receiver operating characteristic (ROC)
curve and indicates that the area under the curve was 0.9492
(SE, 0.0215).

Heterogeneity Evaluation and Meta-Regression
Analysis

Between-study heterogeneity was present for the specificity
among studies of F-18 FCH PET/CT for localization of hy-
perfunctioning parathyroid gland. A meta-regression analysis
was performed to explore other sources of heterogeneity in the
studies of F-18 FCH PET/CT.Meta-regression showed that no
definite variable was the source of heterogeneity in the current
meta-analysis (Table 2).

Discussion

HPT is a common endocrine disease and pHPT is newly di-
agnosed in 100,000 patients in the USA and occurs in 0.2–
0.5% of the population [29]. For the relief of the high level of
PTH-related symptoms, the surgical treatment is mandatory
for HPT. The previously used bilateral neck exploration is
recently being replaced by minimally invasive procedures,
which have the advantages of shorter duration of surgery,
lower morbidity, and lower complication rates with higher
success rates [30]. A prerequisite for minimally invasive pro-
cedures is accurate preoperative localization of the involved
hyperfunctioning parathyroid gland. Also, this non-invasive
preoperative localization of involved hyperfunctioning para-
thyroid gland in patients with HPT has an important impact on
patient management.

Currently, the most commonly used imaging modali-
ties for preoperative localization of involved hyperfunc-
tioning parathyroid gland are neck US and Tc-99m
methoxyisobutylisonitrile (MIBI) parathyroid scintigra-
phy. However, US is known to be associated with some
limitations such as operator dependence, limited sensi-
tivity for localization of ectopic parathyroid adenomas,
and difficulty in differentiating adenomas from lymph
nodes and thyroid nodules [31]. Tc-99m MIBI parathy-
roid scintigraphy is based on the abnormal accumulation
in parathyroid adenoma and differential washout from
thyroid and parathyroid glands. Although three-
dimensional imaging technique of SPECT was applied

Fig. 1 Flow chart of the search for eligible studies on the diagnostic
performance of F-18 FCH PET/CT for localization of hyperfunctioning
parathyroid gland in patients with hyperparathyroidism (HPT)

Fig. 2 Risk of bias and applicability concerns summary
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with Tc-99m MIBI for localization of abnormal parathy-
roid tissue, 25% of adenomas were false negative [32].

Recently, F-18 FCH PET/CT has been introduced as a
promising imaging technique for the evaluation of in patients

Fig. 3 Forest plot of pooled
sensitivity and specificity of F-18
FCH PET/CT for localization of
hyperfunctioning parathyroid
gland in patients with HPT

Fig. 4 Hierarchical summary
receiver operating characteristic
(HSROC) curves of F-18 FCH
PET/CT for localization of hy-
perfunctioning parathyroid gland
in patients with HPT

444 HORM CANC (2018) 9:440–447



with HPT [8–12]. Upregulation of phospholipid/Ca2+-depen-
dent choline kinase has been shown to be related to PTH
secretion in parathyroid adenoma [7]. In a study of Beheshti
et al. [21], although F-18 FCH PET-positive adenomatous
lesions showed higher SUVmax values than the hyperplastic
glands in the semiquantitative analysis, the difference was not
significant. Grimaldi et al. reported that F-18 FCH PET/CT is
a promising modality in challenging pre-surgical localization
of hyperfunctioning parathyroid glands, such as inconclusive
standard imaging, recurrence after surgery, or suspected mul-
tiple gland disease [23]. In a study of Lezaic et al., the lesion-
based sensitivity for F-18 FCH PET/CTwas significantly bet-
ter than that for Tc-99m MIBI imaging in preoperative local-
ization of hyperfunctioning parathyroid glands [25]. Michaud
et al. showed that FCH PET/CT could detect 9 adenomas and
15 hyperplastic glands [27]. According to the lesion-based
analysis, the sensitivity for US was 42%, whereas sensitivity
for Tc-99m MIBI and F-18 FCH PET/CT was 83 and 96%,
respectively [27]. In patients with a negative or inconclusive
preoperative localization with Tc-99mMIBI scintigraphy and/
or US, a detection rate of hyperfunctioning parathyroid gland
by F-18 FCH PET/CT ranging between 77 and 94% was
reported on a per-patient-based analysis and between 80 and
96% on a per-lesion-based analysis [24, 28].

F-18 FCH PET/CT has advantages terms of better image
and shorter study time owing to faster tracer kinetics and
thus improved patient convenience. However, even if F-18
FCH PET/CT localization performances are quite good, FP
or FN findings may occur. In a study of Grimaldi et al., they
noted four FP findings related to thyroid gland uptakes and
faint uptake and seven FN findings related to the ectopic
localization of the parathyroid gland and multi-glandular
parathyroid diseases [23].

The current meta-analysis showed a considerable heteroge-
neity of specificity between studies. The included studies were
statistically heterogeneous in their estimates of sensitivity and
specificity. This heterogeneity is likely to arise through diver-
sity in methodological aspects between different studies and

the basic differences among the patients in the included stud-
ies may have contributed to the observed heterogeneity of the
results too. However, in meta-regression analysis of the cur-
rent review, no definite variable was the potential source of
heterogeneity. To minimize bias in the selection of studies and
in the data extraction, reviewers who were blinded to the jour-
nal, author, institution, and date of publication independently
selected articles based on the inclusion criteria, and scores
were assigned to study design characteristics and examination
results by using a standardized form that was based on the
QUADAS2 tool. The results of the current meta-analysis
should be interpreted with caution, and more future research
is needed to confirm our results.

In addition, somemajor problems which could have effects
on the results of the current meta-analysis should be consid-
ered. All studies included in the current meta-analysis did not
report the serum level of vitamin D and creatinine. The me-
tabolism of vitamin D is accelerated in patients with pHPT,
and vitamin D deficiency is seen in up to 53% of patients with
pHPT [33]. Also, sHPT occurs because of decreased levels of
1,25-dihydroxyvitamin D, hyperphosphatemia, and hypocal-
cemia in chronic kidney disease. Furthermore, in patients with
normocalcemic pHPT, it is important to verify normocalcemia
by checking ionized calcium levels. However, not all studies
reported the serum ionizing calcium level in their studies.
Also, the major drawback of the current study is that all in-
cluded studies did not report the exact causes of false positive
and false negative cases of their studies. The administered
dose of F-18 FCH in each study could affect the detection rate
of parathyroid tissue localization. Therefore, when
interpreting the F-18 FCH images of patients with pHPT or
sHPT, cautious interpretation should be placed.

Conclusion

The current meta-analysis showed the high sensitivity and
specificity of F-18 FCH PET/CT for localization of

Table 2 Effects of moderators
Variables Coefficienta SE DOR 95% CI of DOR pb

Number of patient (> 24 vs ≤ 24) 0.510 1.9013 1.67 0.00 5949.91 0.8136

Study design (prospective vs retrospective) − 0.794 1.8604 0.45 0.00 1353.44 0.7110

PTH level (> 132 vs ≤132 pg/ml) 0.813 1.4965 2.25 0.00 1410.16 0.6415

Patient type (primary vs primary and
secondary)

− 0.672 1.9449 0.51 0.00 2200.65 0.7627

Number of patient (1 (> 24) vs 0 (≤ 24)); study design (1 (prospective) vs 0 (petrospective)), PTH level (> 132 vs
≤ 132 pg/ml), patient type (primary vs primary and secondary)

DOR diagnostic odds ratio, SE standard error, CI confidence interval
a Regression coefficient
bP value of random effect meta-regression using maximum likelihood estimation (ML) between-study variances
and the weighted least squares of study size for regression model estimation
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hyperfunctioning parathyroid gland in patients with HPT. At
present, the literature regarding the use of F-18 FCH PET/CT
for localization of hyperfunctioning parathyroid gland in HPT
patients remains still limited; thus, further large multicenter
studies would be necessary to substantiate the diagnostic ac-
curacy of F-18 FCH PET/CT for localization of hyperfunc-
tioning parathyroid gland in HPT patients.
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