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INTRODUCTION
Cardiac masses are rare but widely heterogeneous entities, 
and include benign, malignant, and non-tumour masses—
both primary and secondary tumours.1–3 In previous 
autopsy studies, the incidence of primary cardiac masses 
ranged from 0.001 to 0.03%, and approximately 25% of 
primary tumours were malignant.2–4 Sarcoma is the most 
common malignant cardiac disease (95%).2,5,6 Further-
more, metastatic tumours are more common than primary 
tumours, and metastasis occurs with 10% of tumours, 
which typically originate as primary pulmonary disease.3,7 

In addition, a heterogenous subgroup of pseudotumours, 
including thrombi, calcification, cysts or valvular nodules, 
have also been identified as cardiac masses.8

According to a recent research letter, malignancies are 
usually found in the right heart chambers (28%), pericar-
dium (32%), or pulmonary arteries (25%), which more 
often lead to associated pulmonary embolism and pericar-
dial effusion, whereas benign masses are mainly located in 
the left heart and usually cause peripheral emboli.9 Patients 
with benign tumours have been reported to experience 
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Objective: The present systematic review and meta-
analysis compared the diagnostic performance of F-18 
fludeoxyglucose positron emission tomography (18F-
FDG PET) and conventional imaging, including MRI, 
echocardiography, and CT, in characterising cardiac 
masses.
Methods: A literature search of the PubMed, Cochrane, 
and EMBASE databases for studies comparing the diag-
nostic accuracies of 18F-FDG PET and conventional 
imaging in characterising cardiac masses, from inception 
of indexing to 31 July 2020, was performed. The Quality 
Assessment of Diagnostic Accuracy Studies-2 tool was 
used to assess study quality. Sensitivity and specificity 
across the studies were determined, positive and nega-
tive likelihood ratios (LR+ and LR-, respectively) were 
calculated, and summary receiver operating character-
istic curves were constructed.
Results: Of six included studies (n = 212 patients), 18F-
FDG PET demonstrated a pooled sensitivity of 0.89 (95% 
confidence interval [CI] 0.81–0.94) and a pooled speci-
ficity of 0.89 (95% CI 0.80–0.94). LR syntheses yielded 
an overall LR+ of 7.9 (95% CI 4.3–14.6) and LR- of 0.12 
(95% CI 0.07–0.22). The calculated pooled diagnostic 

odds ratio (DOR) was 64 (95% CI 23–181). For conven-
tional imaging, the pooled sensitivity was 0.70 (95% CI 
0.57–0.81) and the pooled specificity was 0.96 (95% CI 
0.88–0.98). LR syntheses yielded an overall LR+ of 16.1 
(95% CI 5.8–44.5) and LR- of 0.31 (95% CI 0.21–0.46). 
The evaluated pooled DOR was 52 (95% CI 17–155).
Conclusion: 18F-FDG PET and conventional imaging 
demonstrated comparable diagnostic accuracies for 
the characterisation of cardiac masses. Further large 
multicentre studies are, however, required to corrobo-
rate the diagnostic performances of 18F-FDG PET and 
conventional imaging for the characterisation of cardiac 
masses.
Advances in knowledge: No previous studies have 
comprehensively analysed the diagnostic performance 
of 18F-FDG PET/CT compared with conventional imaging 
techniques including echocardiography, CT, and MRI. 
According to the current study, 18F-FDG PET/CT yielded 
a pooled DOR of 64, whereas other conventional imaging 
techniques demonstrated a DOR of 52. As such, 18F-FDG 
PET/CT demonstrated sensitivity and specificity, with a 
high pooled DOR comparable with other conventional 
imaging modalities.
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a three-fold greater mean survival rate than those with malig-
nancies.9 Patients in the pseudotumour stratum were character-
ised by a history of congestive heart failure and also exhibited a 
mortality rate that was not negligible.9

The therapeutic strategy for most cardiac tumours is complete 
resection.10,11 With advances and developments in medical tech-
nologies, the rate of successful resection of cardiac masses has 
been increasing.10 In malignant cases, additional postoperative 
chemotherapy or radiotherapy can be applied.11 Such adjunc-
tive therapies can significantly improve short-term prognosis, 
although long-term prognosis remains poor.12–15 However, these 
additional therapies can lead to serious complications involving 
impairment of cardiac function.15 Therefore, accurate initial 
identification of the nature of the cardiac mass, tumour extent, 
and involvement of any critical structures on non-invasive 
imaging are essential for establishing a management strategy and 
determining prognosis.

For ideal therapeutic management, it is essential to correctly iden-
tify the nature of the masses.10 Echocardiography is the first-line 
imaging method,16 while CT, or MRI is the second-line approach 
in clinical settings for characterising tumour morphology and 
location and surrounding structural information.17,18 Neverthe-
less, these non-invasive imaging methods have limited utility in 
differentiating benign from malignant cardiac masses. As molec-
ular imaging techniques, F-18 fludeoxyglucose positron emis-
sion tomography (18F-FDG PET), PET/CT, and PET/MRI can 
yield both anatomical and metabolic information.19 However, 
published data regarding PET, PET/CT, and PET/MRI using 
18F-FDG for cardiac masses are scarce; as such, their role in the 
assessment of cardiac masses has not been established.19–22

The present meta-analysis assessed published data regarding 
comparison of the diagnostic performances of 18F-FDG PET and 
conventional imaging for characterisation of cardiac masses to 
obtain more evidence-based data and to provide reference for 
further studies.

METHODS
The present study was performed in accordance with the 
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (i.e. “PRISMA”) statement.23

Data sources and search strategy
A structured approach was used to identify patient population, 
intervention(s), comparators, outcomes, and study design, in 
accordance with the PICOS criteria.24 An electronic literature 
search of the English-language PubMed, Cochrane, and Embase 
databases, from inception of indexing through 31 July 2020, was 
performed. Additional studies identified as published references 
were also manually searched. The search algorithm was based 
on a combination of following terms: (1) “PET” OR “positron 
emission tomography” OR “positron emission tomography/
computed tomography” OR “PET/CT” OR “positron emission 
tomography-computed tomography” OR “PET-CT” AND (2) 
“MRI” OR “magnetic resonance imaging” AND (3) “Computed 

tomography” OR “CT” AND (4) “Echocardiography” AND (4) 
“Cardiac mass” or “Cardiac tumour”.

Study selection
The inclusion criteria for potentially eligible studies were as 
follows: both of 18F-FDG PET and conventional imaging used 
to characterise cardiac masses in the same patients; the sensitiv-
ities and specificities for both 18F-FDG PET and conventional 
imaging were accessible in characterising cardiac masses or 
absolute numbers of true positive (TP), true negative (TN), false 
negative (FN), and false positive (FP) data were reported; and 
no overlapping data. Duplicate publications and those without 
original data, such as case reports, review articles, letters, and 
conference papers, were excluded.

The titles and abstracts of the retrieved articles were reviewed 
independently by two investigators who applied the above-
mentioned selection criteria. Articles were rejected if they were 
clearly ineligible. The same two researchers then independently 
evaluated the full-text version of the included studies to deter-
mine their eligibility for inclusion.

Inclusion criteria
Studies that fulfilled the following PICOS criteria were eligible: 
patient population presenting with cardiac masses; imaging 
methods for characterisation included 18F-FDG PET/CT and 
conventional imaging modalities; final characterisation of cardiac 
masses was available as a reference standard; and comparative 
study design.

Studies were excluded if data could not be extracted using a 2 × 
2 table, if the number of enrolled patients was <10, and if there 
were multiple published reports for the same study population. 
In the latter case, the most detailed or most recent publication 
was included.

Data extraction
Basic information, including author(s), year of publication, 
country of origin, study design (i.e. prospective or retrospective), 
characteristics of the enrolled patients, and technical features 
was collected. Each study was analysed to retrieve the number of 
TP, TN, FP, and FN findings of 18F-FDG PET and conventional 
imaging for characterisation of cardiac masses according to the 
reference standard. Only studies providing such complete infor-
mation were ultimately included in the final meta-analysis.23

Methodological quality assessment
To minimise biases in the selection of studies and in the extraction 
of data, reviewers who were blinded to the journal, author, insti-
tution, and date of publication, independently selected articles 
based on the inclusion criteria and assigned scores to the study 
design characteristics. The anonymised data were prepared by 
independent review and reorganisation by two different assistant 
researchers.

The quality of the examination results was examined using 
a standardised form based on the 15-item modified Quality 
Assessment of Diagnostic Accuracy Studies (QUADAS)−2 tool. 
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According to the QUADAS-2 tool, overall risk of bias in patient 
selection was high in two (33.3%) studies, unclear in three (50%), 
and low in one (16.7%). Risk of bias in the index test was unclear 
in two (33.3%) studies and low in four (66.7%). Risk of bias in the 
reference standard test was unclear in one (16.7%) study and low 
in five (83.3%). Flow and timing in all six studies with low risk of 
bias. Overall applicability concerns were low (Figure 1).

Two reviewers independently assessed each potentially eligible 
study and assigned a quality rating of “good,” “fair,” or “poor”. 
Quality assessment was based on following features: study 
design and presence of bias including selection, performance, 
recording, and reporting bias. Studies with high risk of bias were 
defined as poor quality, presence of moderate risk (did not affect 
the results) as fair quality, and those with minimal risk as good 
quality. Disagreements between the two authors were resolved by 
consensus discussion.

Data synthesis and analysis
Data were extracted from each eligible study. Categorical vari-
ables are expressed as frequencies or percentages, whereas 
continuous variables are expressed as mean unless indicated 
otherwise. Diagnostic performance, including sensitivity, spec-
ificity, and diagnostic odds ratio (DOR), are reported as point 
estimates with corresponding 95% confidence interval (CI). The 
ratio of the odds of positivity in a disease state relative to the 
odds of positivity in the non-disease state is expressed as DOR, 

with higher DOR values indicating better discriminatory test 
performance.25 The I2 and the Cochrane Q test were used to 
assess between-study statistical heterogeneity based on random-
effects analysis.26 The bivariate random-effects model for anal-
ysis and pooling of the diagnostic performance measures across 
studies, as well as comparisons between different index tests 
were used.27,28 The bivariate model evaluated pairs of logit trans-
formed sensitivity and specificity from the studies, incorporating 
the association that may exist between sensitivity and specificity. 
The model was also used to create hierarchical summary receiver 
operating characteristic (SROC) curves and to estimate the area 
under the curve (AUC).29 When statistical heterogeneity was 
substantial, meta-regression was performed to identify poten-
tial sources of bias.30 Differences with a two-sided p ≤ 0.05 were 
considered to be statistically significant. Statistical analyses were 
performed using STATA v. 13.1 (StataCorp LLC, College Station, 
TX).

RESULTS
Literature search and study selection
After a comprehensive computerised search was performed 
and references lists were extensively cross-checked, the search 
retrieved 1781 records, of which 419 were duplicate abstracts 
and excluded after reviewing the title and abstract. Addition-
ally, 134 non-human studies, 608 non-relevant studies, 178 case 
reports, 204 conference abstracts, 13 editorials, 30 letters, and 
183 review articles were excluded. The remaining 12 full text 
articles were assessed for eligibility, of which 6 were excluded 
due to insufficient data for the calculation of sensitivity and 
specificity of 18F-FDG PET and conventional imaging for char-
acterisation of cardiac masses. Ultimately, therefore, six studies 
were selected and were eligible for systematic review and meta-
analysis; no additional studies were found in screening the refer-
ences of these articles.21,31–36 Characteristics of the included 
studies are summarised in Table  1. A detailed flow diagram 
illustrating study selection for the current meta-analysis is 
shown in Figure 2.

Study description, quality, and publication bias
Six studies were included in the current review and all analyses 
were based on per-patient data analysis. A total of 408 patients 
(235 male, 173 female) comprised the included population, with 
age ranging from 20 to 83 years. Of the six studies, one enrolled 
patients prospectively,21 one performed the research retro-
spectively and prospectively,36 and the remaining five enrolled 
patients retrospectively.31–35 Three studies21,31,33 used cardiovas-
cular magnetic resonance as the conventional imaging modality, 
and three used CT,32–34,36 and one used transesophageal echo-
cardiography.33 Two studies used visual analysis to interpret the 
18F-FDG PET images.31,33 Four studies used maximum standard 
uptake value (SUVmax) as the quantitative index for interpre-
tation of 18F-FDG PET images.21,32,34,35 All studies used histo-
pathology as the reference standard for the characterisation of 
cardiac masses. The principal features of the six studies exam-
ined in the meta-analysis are summarised in Table 1. The test for 
publication bias, however, was not performed due to the small 
number of studies.37

Figure 1. Risk of bias and applicability concerns summary 
for the assessment of study quality. Scores are based on the 
modified Quality Assessment of Diagnostic Accuracy Stud-
ies-2 for each included study. Symbols: (+), low risk of bias; 
(?), unclear risk of bias; (-), high risk of bias.
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Comparison of diagnostic accuracies between 
18F-FDG PET and conventional imaging modalities
A comparison of the diagnostic performance between 18F-FDG PET 
and conventional imaging modalities for characterisation of cardiac 
masses from the six studies included in the current meta-analysis is 
presented in Figure 3. The pooled sensitivity of 18F-FDG PET was 
0.89 (95% CI 0.81–0.94), without heterogeneity (I2 = 14.2 [95% CI 
0–100]; p = 0.32), and a pooled specificity of 0.89 (95% CI 0.80–
0.94) without heterogeneity (I2 = 0 [95% CI 0.0–100.0]; p = 0.58). 

Likelihood ratio (LR) syntheses revealed an overall positive LR+ of 7.9 
(95% CI 4.3–14.6) and negative LR (LR-) of 0.12 (95% CI 0.07–0.22). 
The pooled DOR was 64 (95% CI 23–181). The pooled sensitivity of 
conventional imaging was 0.70 (95% CI 0.57–0.81), without hetero-
geneity (I2 = 23.6 [95% CI 0–85.9]; p = 0.25) and a pooled specificity 
of 0.96 (95% CI 0.88–0.98), without heterogeneity (I2 = 5.2 [95% CI 
0–100]; p = 0.39). LR syntheses yielded an overall LR+ of 16.1 (95% 
CI 5.8–44.5) and LR- of 0.31 (95% CI 0.21–0.46) and the pooled DOR 
was 52 (95% CI 17–155). Figure 4 shows a hierarchical SROC curve 

Figure 2. Flow diagram illustrating the search strategy for eligible studies comparing the diagnostic performance of 18F-FDG 
PET and conventional imaging for the characterisation of cardiac masses. 18F-FDG PET, 18F-fludeoxyglucose positron emission 
tomography.

Figure 3. Comparison of forest plot for pooled sensitivity and specificity for 18F-FDG PET (A) and conventional imaging (B) for 
the characterisation of cardiac masses. 18F-FDG PET, 18F-fludeoxyglucose positron emission tomography.
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indicating AUCs of 0.95 (95% CI 0.92–0.96) for 18F-FDG PET and 
0.92 (95% CI 0.89–0.94) for conventional imaging in the characteri-
sation of cardiac masses. Comparison of AUCs for 18F-FDG PET and 
conventional imaging revealed no statistical differences in the char-
acterisation of cardiac masses (area difference 0.0116, SE; 0.0452; p 
= 0.7977).

DISCUSSION
In the present study, we compared the diagnostic performance of 
18F-FDG PET and other conventional imaging modalities, including 
MRI, CT, and echocardiography. All non-invasive cardiac imaging 
modalities demonstrate different efficacies in management strategies 
for cardiac masses. 18F-FDG PET yielded results comparable with 
conventional imaging modalities in discriminating between benign 
and malignant cardiac masses.

Echocardiography has been used as the first-line imaging modality 
for the evaluation of cardiac masses owing to its availability, non-
invasiveness, and absence of any contrast medium or radiation expo-
sure.16 Additionally, onsite dynamic assessments can be performed 
using echocardiography.16 However, echocardiography has a limita-
tion for the evaluation of right atrial masses, probably due to a diverse 
spectrum of etiologies,38 and in ventricular masses.39 Global evalu-
ation of entire cardiac structures and extracardiac lesions cannot be 
performed using echocardiography.

CT or MRI could provide further information about the location 
of masses and surrounding anatomy, and tissue characterisation, 
which may contribute to management decisions.40 With improved 
soft tissue contrast and availability of extracardiac examination, both 
CT and MRI have demonstrated better diagnostic performance 
compared with echocardiography in identifying cardiac masses.17,18 
However, echocardiography, CT, and MRI are recommended by task 
force teams of American societies for cardiac assessment without 
distinction.41

The nature of cardiac masses can affect prognosis and subsequent 
treatment strategies, with most benign masses having an excellent 

prognosis, whereas primary and secondary malignant cardiac masses 
result in poor outcomes. 18F-FDG is a biomarker of glucose metab-
olism of tumours, pseudotumours and normal cardiovascular 
structures, this information can only be obtained from PET.35 As 
described in a study by Rahbar et al, which included 24 patients with 
cardiac tumours, PET using 18F-FDG was the most efficient modality 
in discriminating benign from malignant cardiac lesions.35 18F-FDG 
PET/CT provides the most usable information associated with prog-
nosis in both benign and malignant cardiac masses.33

All non-invasive imaging methods played a useful role and affected 
decision-making in all patients in a study comparing multimodali-
ties for cardiac masses, including echocardiography, CT, MRI, and 
18F-FDG PET or PET/CT.33 Our data also support that all included 
modalities were useful for the diagnosis of cardiac masses. Different 
imaging modalities can complement one another for more accurate 
diagnosis and inform physicians in designing efficient management 
strategies for patients.

Although, 18F-FDG PET/CT has emerged as a major diagnostic tool 
in the diagnosis of cardiac tumours, it is not useful for tumours that 
do not take up 18F-FDG, such as well-differentiated neuroendocrine 
tumours.42 Other tracers, such as Ga-68-DOTATATE, are more 
useful in characterising cardiac metastases from neuroendocrine 
tumours.43 Therefore, the study we performed—comparing imaging 
modalities—remains insufficient; as such, further study is needed to 
guide the most appropriate diagnostic pathway to evaluate cardiac 
masses.

A major limitation of the present study was the considerable hetero-
geneity of the interpretation criteria for 18F-FDG PET for the defi-
nition of a positive PET scan in the included studies. Some studies 
adopted a positive result with visual evaluation according to differ-
ences in the intensity of the 18F-FDG uptake among primary masses 
or greater than the avidity in adjacent tissues. Other studies used 
different thresholds of SUVmax for quantitative indices for the positive 
interpretation of 18F-FDG PET scans. Moreover, in all meta-analyses, 
publication biases are a major concern because studies reporting 

Figure 4. Hierarchical summary receiver operating characteristic (SROC) curves for characterisation of cardiac masses 18F-FDG 
PET (A) and conventional imaging (B). 18F-FDG PET, 18F-fludeoxyglucose positron emission tomography.
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significant findings are more likely to be published than those 
reporting non-significant results. Efforts made to minimise the risk 
of bias in the conduct of this review included having two researchers 
independently carrying out the inclusion and assessment processes.

CONCLUSION
18F-FDG PET and conventional imaging demonstrated compa-
rable diagnostic performance in characterising cardiac masses. 

Nevertheless, further large-scale, prospective, multicentre studies are 
necessary to substantiate the diagnostic accuracies of 18F-FDG PET 
and conventional imaging for the characterisation of cardiac masses.
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