Original Article

Comparison of SPET/CT, SPET and planar imaging
using 99mTc-MIBI as independent techniques
to support minimally invasive parathyroidectomy
in primary hyperparathyroidism: A meta-analysis
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Objective: Successful performance of minimally invasive parathyroidectomy (MIP) is based on the accuracy of preoperative parathyroid localization studies. Despite the various methodologies available,
no consensus has been reached so far on the optimal imaging technique. The aim of our meta-analysis
was to determine the accuracy of technetium-99m-hexakis methoxyisobutylisonitrile single photon
emission tomography/computed tomography (99mTc-MIBI SPET/CT), SPET and MIBI scintigraphy for the
preoperative localization of primary hyperparathyroidism (PHPT) lesions, thus facilitating better management of these patients. Subjects and Methods: Publications were screened by a comprehensive
computer search of PubMed and EMBASE for 25 years. Data were extracted from included articles and
forest plots of sensitivity and positive predictive value were calculated to investigate the diagnostic accuracy of SPET/CT, SPET and MIBI scintigraphy. Results: Eighteen articles were included in our study.
The sensitivities of SPET/CT, SPET and planar scintigraphy were 84% (95% CI: 78%-90%), 66% (95% CI:
57%-74%) and 63% (95% CI: 51%-74%), respectively. The PPV of the above three imaging modalities
were: 95% (95% CI: 92%-98%), 82% (95% CI: 73%-89%) and 90% (95% CI: 96%-99%), respectively. Conclusion: Our present meta-analysis showed that using 99mTc-MIBI, and combining anatomical information of CT and functional abnormalities on SPET, as presented on SPET/CT was by far more sensitive
and accurate than SPET or planar scintigraphy in localizing PHPT lesions. We firmly believe that this
technique will be the main diagnostic means, to detect PHPT lesions and support minimally invasive
parathyroidectomy.
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P

rimary hyperparathyroidism (PHPT) is characterized, in up to 85% of clinical
cases by the autonomous overproduction of parathyroid hormone (PTH), by a
solitary parathyroid adenoma. Minimally invasive parathyroidectomy (MIP) in
patients with PHPT has recently replaced the conventional bilateral approach because
of fewer complication rates and shorter hospitalization time. Precise pre-operative
detection and localization of abnormal parathyroid glands is essential for the successful performance of MIP. Currently, numerous imaging modalities are available,
such as ultrasound, nuclear medicine imaging, magnetic resonance imaging (MRI)
and computed tomography (CT), for the localization of parathyroid lesions.
Coakley et al. (1989) first reported parathyroid imaging using technetium-99mhexakis2-methoxy-2-methylpropylisonitrile (99mTc-MIBI). They suggested that 99mTc
may replace thalium-201 for routine preoperative parathyroid localization [1]. Technetium-99m-MIBI scintigraphy and subtraction imaging techniques using thyroid imaging with 99mTc-pertechnetate or 123I-sodium have since been developed and used
in many hospitals for the preoperative localization of diseased parathyroid glands.
Several researchers use 99mTc-MIBI scintigraphy as the technique of choice for parathyroid imaging [2-4]. The addition of SPET to the above methodologies offers high sensitivity and accuracy in localizing abnormal parathyroid glands [5-7]. Recently, the
hybrid SPET/CT, is increasingly used because it enables more detailed localization of
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the involved parathyroid glands. Others, demonstrated
that 99mTc-MIBI SPET/CT had no significant additional clinical value for eutopic parathyroid glands as compared to
that of the conventional 99mTc-MIBI SPET [8], while other researchers showed that 99mTc-MIBI SPET/CT was superior to
99m
Tc-MIBI SPET in preoperative parathyroid imaging [9, 10].
Considering that there is no consensus on the best preoperative imaging protocol for localization of parathyroid
adenomas, we performed this systematic meta-analysis
and compared, 99mTc-MIBI SPET/CT, 99mTc-MIBI SPET and
99m
Tc-MIBI planar imaging.

Subjects and Methods
Papers screened
Publications were screened by a comprehensive computer
search of PubMed and EMBASE from October 1989 to August 2014. The search strategy was based on the combination of the following keywords: a) 99mTc-MIBI SPET/CT, b)
99m
Tc-MIBI SPET/CT, c) parathyroid adenoma (PA) and PHP,
d) sensitivity or diagnostic accuracy of diagnostic value.
Although no language restrictions were imposed initially, the full-text reviews and final analyses were limited
to articles published in English. Conference abstracts and
letters to the journal were excluded because they contained limited data. Reference lists were manually
screened for additional relevant articles. Cross references
from selected articles were also used for retrieving relevant studies.
Selection of studies
Two reviewers (W-J W and C-T S) independently assessed
potentially eligible articles, after reading all abstracts and
also any citations for which determination could not be
made from the abstract. We then managed to get the full
texts of these articles to determine whether they were eligible for the study.
The inclusion criteria were as follows: a) used at least
99m
Tc-MIBI SPET/CT to diagnose patients with PHPT or PA;
b) at least one of the techniques (SPET/CT, SPET and planar
imaging) was relevant for inclusion and related data were
amenable to extraction; c) surgical and/or histopathology
findings and/or close clinical and imaging follow-up were
used as the reference standard; d) the studies were based
on per-patient or per-lesion statistics; e) when data or subsets of data were presented in more than one article, the
article with more details or the most recent article was selected.
The exclusion criteria were as follows: a) articles which
did not include raw data such as case reports, letters, editorials, comments, reviews and meta-analyses; b) articles
with secondary or tertiary HPT; c) articles with results of
different imaging modalities presented in combination
that could not be differentiated for performance assessment of individual modality; d) use of radiopharmaceutical other than 99mTc-MIBI and publication language other
than English; e) articles concerning other cancer types; f )
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articles focusing on parathyroid surgery and g) studies
mainly using other imaging modalities (ultrasound and/or
PET/CT).
Quality assessment
The contents of included articles were assessed by two authors (W-J W and C-T S) using the revised Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) [11].
Questions related to the four specific domains-patients selection, index test, reference standard, flow and timingwere set to assess the applicability and risk of bias as follows: a) Patients’ selection: The criteria used to select patients with PHPT for the study have been clearly explained.
Patients with prior history of neck surgery or with medical
history of neoplastic disease in the area of head and neck,
or with negative 99mTc-MIBI scintigraphy were excluded. b)
Index test: With the rapid development of medical imaging techniques, it was necessary to specify the detailed parameters of the imaging methodologies used in the
research. Explanation of the imaging technique and of the
experience of the interpreters as well as the definition of
positive and negative findings were explicitly described.
c) Reference standard: Surgical and histopathologic findings were considered to be the gold standard for confirming different imaging results. However, reference standard
bias existed when different pathologic methods were
used to verify the same set of imaging results. On some
occasions, confirmation by clinical follow-up was used
when histopathologic confirmation couldn’t be obtained.
We carefully assessed whether these specific patients were
closely followed-up or lost to clinical follow-up. Patients
lost to follow-up and included in final analysis, could be
the potential source of bias. d) Flow and timing: It was also
described whether the interpreters of the imaging results
were masked to the laboratory, surgical, pathologic results
or other imaging findings.
Data extraction and statistical method
Two reviewers independently read the titles and summaries of the papers included in the study and assessed
their eligibility. After excluding articles that did not met
inclusion criteria illustrated above, the full texts were read
and relevant data were extracted from the included studies. The SPET and SPET/CT were limited to techniques
using 99mTc-MIBI with delayed or dual-phase images. Any
disagreement was resolved by consensus. The extracted
data were recorded on two standardized tables. Specifically, nearly all patients had biochemical confirmation of
PHPT before nuclear medicine examinations. Patients with
negative imaging results were recommended to have further examinations rather than undergo bilateral neck exploration. Therefore, specificity and negative predictive
value (NPV) of most of the studies were not reported. Consequently, pooled proportion of sensitivity and positive
predictive value (PPV) of the index tests of included studies were calculated in our meta-analysis, to compare the
diagnostic accuracy of the three parathyroid imaging
methodologies.
Diagnostic meta-analysis was conducted on StatsDiwww.nuclmed.gr
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rect2.7.9 (Stats Direct Ltd., UK) using true positive (TP), false
positive (FP) and the total number of diseased PT lesions
of patients extracted directly or through recalculation. The
factor I2 was calculated to quantify heterogeneity between
studies. We used an effect model to draw the pooled forest
plots of sensitivity and of PPV in the presence of heterogeneity, which was interpreted as low (25%), moderate
(50%), and high (75%) [12]. In addition, Funnel plots were
drawn to investigate publication bias. The pooled sensitivities and PPV of SPET/CT, SPET and planar imaging were
calculated to compare the different diagnostic efficacy of
the three imaging modalities.

Results
Literature search and study characteristics
In total of 340 articles were identified from the primary literature search in PubMed and EMBASE. Following the inclusion and exclusion criteria, only 18 were selected as
having the diagnostic value of SPET/CT and/or SPET
and/or planar imaging. The flow diagrams of the articles
of selection process are presented in Figure 1 and the
basic features of these studies are shown in Table 1 [9, 10,
13-28].
From what has been summarized in Table 1, we can see
that 4 studies were from USA, 2 from Italy, 2 from Austria
and 1 study from each of the following countries UK,
China, Slovenia, Turkey, Japan, Iran, Korea, France, Canada
and Switzerland. Of the eighteen included publications, 6
studies were prospective while the remaining twelve studies were retrospective. Eighteen of the above studies provided diagnostic proof of SPET/CT, by acquiring fusion
information 1.5-2h after injection [13, 15, 17, 18, 20-22, 25,
26], after early phase image [14, 16, 24], or after dual phase
images of the radiopharmaceutical [9, 19, 23]. Regarding
the 9 studies which assessed the clinical utility of 99mTcMIBI scintigraphy, all groups except one used dual phase

Figure 1. Flow chart showing the process of study selection.

planar imaging protocols [9, 14-17, 21, 26, 28]. Tokmak et
al. (2014) showed the diagnostic efficacy of SPET/CT combined with conventional planar scintigraphy in the detection and localization of hyper-functioning parathyroid
glands, in 154 patients who had neck surgery with definitive histology reports. In this study ectopic adenoma accounted for 1.19% of all 168 lesions [9]. Prommegger et al.
(2009) showed that Technetium-99m-MIBI SPET/CT image
fusion exactly localized 6 of the 8 ectopic glands [23].
Other researchers assessed the clinical utility of SPET-CT
in subjects with endocrine and neuroendocrine tumors
compared to SPET and found that 32 of the 48 included
subjects underwent 99mTc-MIBI scans [19]. As we mainly
emphased on the clinical utility of SPET/CT in localizing
PA, we solely extracted the data related to HPT from studies that evaluated the diagnostic utility of the three imaging modalities on a per-patient basis and on a per-lesion
basis [15, 17]. The imaging acquiring protocols and the detailed information of the included 18 studies are showed
in Table 2.

Figure 2. a) Proportion of studies with low, high, or unclear risk of bias; b) Proportion of studies with low or unclear concerns regarding applicability.
www.nuclmed.gr
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Table 1. Basic study and patients characteristics
Author

Year

Country

Study design

Cause

Lavely

2007

USA

Prospective

PA

98

Patel

2009

UK

»

PA, MA, MGH

Prospective

Serra
Qiu

2006

Italy

2014

China

Lezaic

2014

Slovenia

Tokmak

2014

Turkey

Prommegge 2009

Austria

Hayakawa

2014

Japan

No.
Age
of patients (years)

Sex
（M/F）

Median
Serum PTH
(ng/L)

Gold
standard

10.64

NR

708

Surgery

36pmol/L

»

60 (28-94)

30/68

PA, Ca, PH

63

244

59 (10-86)
57 (7-86)

21/42

50/194

2.83mmol/L

PA, PH

24

42-77

4/20

2.68mol/L

154

54 (15-86)

30/124

116

59 (14-85)

36/80

Prospective PHP, NG, MEN1 48

59 (30-85)

15/33

Retrospective PA, PH, Ca
»

Retrospective PA, Ca, PH
»

16

PA, PH, MEN1 15

»

pHPT

51 (35-80)

63 (32-83)

5/11

3/12

Shafiei

2012

Iran

Kim

2012

Korea

»

PA, PH, SHP

31

60 (35-78)

10/21

Bural

2012

USA

Retrospective

PA, PH

32

NR

France

»

PA, Ca

94

Ciappuccini 2012

Median
Serum
calcium
(mg/dL)
NR

2.67ng/mL 293.80ng/mL

11.13mg/dL 434.17pg/mL
NR

208pg/mL

NR

NR

Surgery

NR

NR

NR

61 (18-85)

21/73

2.75mmol/L

121pg/mL

Pathology &
follow-up

PA, NG

27

55 (18-80)

5/22

11.7mg/dL

154pg/mL

Pata*

2011

Italy

»

PA, NG

28

57 (22-83)

7/21

11.5mg/dL

142pg/mL

49.5

NR

11.8mg/dL

165pg/mL

Sharma*

USA

Retrospective

PHP, SHP

2006

USA

»

Harris

2007

Canada

Neumann

2008

USA

Sharma*

Sharma*

Öksüz

2006

2006

USA

»

Surgery &
pathology
findings

Intraoperative findings
»
»

MGH, PA

24

138

60 (29-79)

MGH, PA

165

52.2

NR

11.7mg/dL

179pg/mL

22.4pmol/L Intraoperative findings

4/20

NR

»

MGH, PA

PA, MGH

180
23

66 (26-80)

9/14

2.85mmol/L

Prospective

PA, PH

61

59 (18-85)

18/43

11.0mg/dL

PHP, SHP

60

51 (22-80)

16/44

NR

2010 Switzerland Retrospective

Intraoperative
finding

NR

»
Prospective

Surgery &
pathology

NR

Italy
Austria

Surgery

11.22mg/dL 251.89pg/mL Histology &
follow-up

2011
2003

Surgery &
pathology

8.8pmol/L », follow-up
(83.5 pg/mL)

Pata*
Profanter

»

55.8

NR

11.7mg/dL

NR

147g/mL

114pg/mL
NR

Intraoperative
parathyroid
pathology
»
»

Surgery &
pathology
findings
»

NG: nodular goiter; MGD: multiple gland disease; PA: Parathyroid adenoma; Ca: carcinoma; PH: parathyroid hyperplasia; MA: multiple
adenomas; MGH: multiglandular hyperplasia; MEN1: multiple endocrine neoplasia type 1; NG: nodular goiter;*:
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Table 2. Imaging protocols and diagnostic performance of three image modalities
Author

Dose(MBq)

Serra

370

Patel

800

Qiu

555

Lezaic

600

Tokmak

925-1110

Hayakawa

600

Prommegger

370

Shafiei

740

Kim

555

Bural

1110

Ciappuccini

740

Pata

740

Profanter

370

Sharma

703-925

Harris

700

Neumann

1191

Öksüz

400

Lavely

925-1110

Image

Planar
SPET
SPET/CT
Planar

Dual phase, Anterior/RAO/LAO, 128×128 matrix
25s/3°, 60 views, dual-head SPET/CT;
2.5mA, 140kV, 10mm slices, 256×256 matrix for CT
Dual phase, Anterior, 128×128 matrix

SPET/CT

128×128matrix for SPET;
2.5mA, 140 kV, 10mm slices, 256×256 matrix for CT

89.8

Dual-head gamma camera, 128×128 matrix, 32views, 20s/frame,
Dual-head camera for SPET; 25mAs, 130kV for CT

48.7

SPET
SPET/CT

SPET/CT
Planar

25s/3°, 120 views, dual-head SPET/CT, 128×128 matrix;
2.5mA, 140kV, 5mm slices, 256×256 matrix for CT

56.5
61.5
72.0
60.0
100
100

128×128matrix for SPET; 80mA, 5-mm slices, B70 kernel filter for CT
Dual phase, 128×128 matrix, zoom level 2.5

73.7
44

Planar
SPET/CT
Planar

Dual phase, Anterior/RAO/LAO, 128×128 matrix
128 stops, 20s/stop for early, 30s/stop for delayed, 128×128 matrix
Anterior planar images

87.5
97.6
54.5

SPET
SPET/CT

NR
16 row MD-CT, 1.25mm and 2.5mm for CT

63.4
88.7

SPET/CT

SPET
SPET/CT

Planar
SPET
SPET/CT

Dual-head gamma camera, Infinia Hawkeye 4, GE Healthcare for SPET;
Low-dose, four-slices for CT

Anterior planar image,
Dual-detector camera, 60 frames, 25s/3°, 128×128 matrix for SPECT;
30mA, 130kV, 2mm slices for CT

Planar
SPET
SPET/CT

NR
Hawkeye 4 instrument, GE Healthcare,128×128 matrix for SPECT;
5.0 mm slices, 140kV, 2.5mA, 512×512 matrix for CT

SPET/CT

Double-head camera, 128×128 matrix, 64 projections for SPET;
60mA, 5mm slices for CT

SPET
SPET/CT

SPET
SPET/CT
SPET

128×128 matrix, 30 s/stop, 64 stops, 128 projections for SPET;
140kV for CT

54.5
54.5

59.18
67.34
77.55
67.6
76.5
100

68.8
96.8

91.7

64×64 matrix, 120 frames, 20s/3° for SPET;
140kv, 2.5 mA, 10mm slices, 256×256 matrix for CT
CT MIBI image fusion;

61.1
86.7
31.0

Hawkeye; General Electric Medical Systems
NR

84.7

SPET/CT
Planar
SPET

1.25mm and 2.5mm slices for CT
NR

SPET/CT
SPET/CT

60 projections, 30s/6°, 128×128 matrix for SPET;
5-10mm slices, 140kV, 2.5mA for CT

73.9

Anterior planar images, 256×256 matrix
120 projections, 20s/3°, 128×128 matrix

76.0
97.0

SPET/CT
Planar
SPET/CT

93.0
62.2

Dual detectors, 60 steps, 25 s/3°, 128×128matrix for SPET;
130kV 100mA, 5mm slices for CT

RAO: right anterior oblique; LAO: left anterior oblique; NR: not reported
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Quality assessments and meta-analysis
The qualities of the 18 studies were methodologically assessed using QUADAS-2 [11]. The guidelines used to quality assessment have been explained above. As a whole, the
qualities of the included studies were satisfactory, eligible
and results are shown in a bar chart of QUADAS-2, in Figure 2.
For the three diﬀerent imaging modalities, results from
these 18 studies were not statistically homogeneous and we
found significant heterogeneity in sensitivity and PPV data
(I2=88.2%/74.6%/86.5% for sensitivity and I2=83.5%/

74.8%/92.9% for PPV, respectively). Funnel plots of the included studies are presented in Figure 3.
For the diagnostic value of SPET/CT, the pooled sensitivity
and PPV were, 84% (95% confidence interval: 78%-90%) and
95% (95% confidence interval: 92%-98%), respectively. For
the diagnostic eﬃcacy of SPET, the pooled sensitivity and
PPV were 66% (95% confidence interval: (57%-74%) and 82%
(95% confidence interval: 73%-89%), respectively. For the diagnostic utility of planar scintigraphy, the pooled sensitivity
and PPV were 63% (95% confidence interval: 51%-74%) and
90% (95% confidence interval: 96%-99%), respectively.

Figure 3. (a) Publication bias assessment of the included studies for SPET/CT, (b) SPET and (c) planar imaging.Two of the three Figures also demonstrate significant heterogeneity between the included studies (Figures 3. b and c). Therefore, the random-eﬀect model was used to calculate the pool estimates in our study.

Figure 4. The pooled
sensitivity a) and PPV b)
of SPET/CT.

Figure 5. The pooled
sensitivity a) and PPV b)
of SPET.
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Figure 6. The pooled sensitivity a) and
PPV b) of SPET.

Discussion
The management of PHPT has dramatically developed over
the past few decades from performing a conventional limited
diagnostic evaluation, to bilateral neck exploration (BNE)
with both laboratory and radiographic evaluation followed
by MIP. Precise preoperative localization is essential for the
successful performance of MIP. Despite various methodologies that are available for preoperative localization of
parathyroid lesions, there are few papers directly comparing the diﬀerent methods and even fewer supporting the
superiority of one over another. To our best knowledge, this
is the first meta-analysis that systematically evaluated the
diagnostic value of three nuclear medicine techniques for
the detection of parathyroid disease.
Planar99mTc-MIBI scintigraphy has typically been widelyused for preoperative localization of parathyroid adenomas.
However, false-positive results due to uptake by thyroid
adenomas, multinodular goiter scintigraphy or metastatic
medullary cancer, as well as metastatic lung cancer have
been reported. Although neck ultrasound examination has
an acceptable sensitivity for identifying adenomas located
close to or within the thyroid gland, this is an operator-dependent technique, with limited practical use when detecting intrathyroidal parathyroid lesions, deeply located
lesions, ectopic or especially mediastinal parathyroid lesions. In addition, SPET compared to planar scintigraphy
has increased sensitivity and accuracy in diagnosing
parathyroid diseases [29, 30], however, the degree of
anatomic details they provided, is limited. In our metaanalysis we concluded that SPET had similar diagnostic eﬃcacy with that of planar imaging.
Our meta-analysis also suggested that SPET/CT had a superior diagnostic eﬃcacy in detecting and localizing diseased parathyroid glands when compared with SPET and
planar imaging (with sensitivity of 84% and PPV of 95%).
This improvement in accuracy is mainly because hybrid
www.nuclmed.gr

SPET/CT oﬀers the possibility of attenuation correction and
co-registration of functional and anatomical information.
In addition, for patients who have distorted neck anatomy,
due to previous neck surgery or have multiglandular disease, or nodular thyroid disease, SPET/CT is obviously advantageous and improves the detections of PA. Ectopic
superior parathyroid glands may be located either above
the superior thyroid pole, below the inferior thyroid artery,
or in the retropharyngeal, retrotracheal or retroesophageal
space. Ectopic inferior parathyroids are most frequently
found in the anterior mediastinum and 30% of ectopic
parathyroids are associated with thymus gland [31]. Less
frequently, ectopic sites are anterio-superior mediastinal,
intrathyroidal, within the thyrothymic ligament or rarely
submandibular [32]. Ectopic parathyroid tumors and unrecognized multiglandular parathyroid disease are major
causes of clinical surgical failure. It is always diﬃcult to differentiate ectopic PA from lymph nodes, thyroid or thymus
tissue on conventional CT or MRI. Fortunately, by providing
detailed anatomic information, SPET/CT contributed much
to the precise localization and the detection of both eutopic and ectopic PA. In another study SPET/CT not only improved localization but also facilitated the surgical
approach of all 10 ectopic lower adenomas [33]. By using
combined transmission and emission SPET/X-rays-CT imaging in 4 patients, other researchers accurately localized mediastinal parathyroid tumors. Thus morbidity, radiation
exposure time and costs were reduced [34].
There are several limitations of our study. First, the selective publication bias is an important concern in meta-analytic reviews of the literature, because papers reporting
positive imaging findings are more likely to be published.
Asymmetric funnel plot has long been associated with publication bias. It has been reported that English language
bias and methodological bias are the two main sources of
publication bias [35]. Considering the insuﬃcient number
of studies for SPET and planar imaging in our current paper
and the asymmetric funnel plots (Figures 3 b and c), the
small cohort of patients for the two nuclear medicine tech-
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niques limited our work’s eligibility and may have caused
heterogeneity. Second, our meta-analysis was limited by
the fact that primary patients’ data of some of the included
studies were not available so some data had to be extrapolated from graphs or tables, possibly resulting in some error,
particularly in pooled analyses. However, the relatively large
number of patients in our meta-analysis for the last 25 years
strengthened the eligibility of our work.
In conclusion, based on the statistical results of this metaanalysis we showed that 99mTc-MIBI SPET/CT is advantageous over SPET or planar imaging in diagnosing useful
anatomic and metabolic information, in patients with PHPT.

The authors declare that they have no conflicts of interest.
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