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Abstract
Purpose Correct diagnosis and prognostic assessment of cardiac masses are crucial before therapy. We evaluated the diagnostic
and prognostic value of 18F-FDG PET/CT in patients with cardiac masses.
Methods 18F-FDG PET/CT images of 64 patients with 65 cardiac masses were retrospectively analysed (34 men, 30 women;
average age, 51.2 ± 17.5 years). Comparisons of CT features and 18F-FDG metabolic indices between benign and malignant
entities, as well as among primary and secondary malignancies and lymphoma, were performed. The diagnostic values of PET/
CT for distinguishing benign versus malignant masses were calculated. PET/CT data were further assessed for the predictive
value for overall survival (OS) using the Cox proportional hazards model to assess potential independent predictors. Kaplan-
Meier curves were generated to assess the value of PET/CT for prognostication.
Results Statistically significant differences in various morphological features and metabolic indices between benign and malig-
nant masses were found. An SUVmax of 6.75 was the optimal cutoff value to differentiate between benign and malignant masses,
and the diagnostic sensitivity, specificity, accuracy, positive predictive value, and negative predictive value were 92.11%,
88.89%, 90.77%, 92.11%, and 88.89%, respectively. Taking CT features and SUVmax ≥ 6.75 as a criterion, the values were
76.32%, 100.00%, 86.15%, 100.00%, and 75.00%, respectively; taking ≥ 3 CT features or SUVmax ≥ 6.75 as a criterion, the
values were 94.74%, 88.89%, 92.31%, 92.31%, and 92.31%, respectively, indicating optimal diagnostic performance when
paired with the anatomic information provided by the CT component. A univariate analysis of OS determined that surrounding
tissue infiltration, epicardial infiltration, necrosis, multiple chambers or vessel involvement, distant metastasis, SUVmax,
SUVmean, metabolic tumour volume (MTV), and total lesion glycolysis (TLG) were significant predictors of survival. In the
multivariate analysis, only SUVmax ≥ 6.715 was significant (P < 0.01). Median OS was 1460 days for SUVmax < 6.715 and
342 days for SUVmax ≥ 6.715 (P < 0.01).
Conclusion 18F-FDG PET/CT is helpful in the diagnosis of cardiac masses before treatment and has value in detecting
extracardiac primary or secondary tumours. 18F-FDG PET/CT could also be a promising tool to provide prognostic information
for these patients, especially SUVmax displaying independent prognostic value.
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Introduction

Cardiac masses are rare entities with high rates of morbidity
and mortality. There are three basic types: tumour, thrombus,
and vegetation. Primary tumours account for an extremely
small proportion, with an autopsy frequency between 0.001
and 0.3% [1]. More than three-quarters of primary neoplasms
are benign and almost half of the benign neoplasms are myx-
omas. About 20% of primary cardiac tumours are malignant,
and 95% of these are sarcomas [2]. Metastatic disease, which
typically originates from a primary pulmonary tumour [3], is
much more common than primary cardiac tumours.
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The therapeutic strategies and prognosis of cardiac
masses not only depend on the nature of the mass (neo-
plastic or non-neoplastic), but, in the case of neoplasm,
also on the tumour characteristics (benign or malignant,
primary or secondary) [4]. Because of the location, even
benign cardiac masses could lead to serious conse-
quences, such as heart failure caused by heart cavity ob-
struction, pulmonary/systemic embolism, and even sud-
den death [4, 5]. With the development of modern medi-
cal technology, the resection rate of cardiac masses has
been constantly improving [4]. Adjunctive therapy can
significantly reduce any impairment of cardiac function
[6]. In malignancies, postoperative radiotherapy and che-
motherapy can significantly improve the short-term prog-
nosis, but the long-term prognosis remains poor [6, 7].
Correct identification of the nature of a cardiac mass by
non-invasive imaging is critical for diagnosis, manage-
ment strategy, and prognosis.

Anatomical imaging modalities, including transthoracic
and transoesophageal echocardiography, computed tomogra-
phy (CT), and magnetic resonance (MR), are valuable to pro-
vide location and structural information. However, their abil-
ity to provide metabolic information is limited [8–10]. 18F-
Fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET/CT) can detect both
anatomical and metabolic information, which is applied in
oncologic imaging for diagnosis, staging, and prognosis
[11–15]. However, due to the rarity of cardiac masses, 18F-
FDG PET/CT does not have an established role in their rou-
tine evaluation. In the present study, we retrospectively
analysed the 18F-FDG PET/CT images of patients with cardi-
ac masses and sought to evaluate whether this imaging mo-
dality could provide useful information on diagnosis and
prognosis.

Patients and methods

Patients

The study was approved by the Institutional Review
Board. We retrospectively reviewed imaging data of all
the patients with cardiac masses who underwent 18F-FDG
PET/CT in the PET Center of Union Hospital, Tongji
Medical College, Huazhong University of Science and
Technology, from August 2012 to August 2018. The inclu-
sion criteria were as follows: (1) age ≥ 18 years and (2)
complete clinical and imaging data. The exclusion criterion
was diabetic patients or patients with fasting blood glucose
≥ 200 mg/dL. All of the cases were divided into malignant
and benign groups according to the histological or long-
term follow-up results.

18F-FDG PET/CT protocol

18F-FDG was synthesized with 18F produced by a cyclotron
(MINItrace®, GE Healthcare, Milwaukee, WI, USA), with
radiochemical purity > 95%. All patients fasted for at least
8 h before the administration of 18F-FDG. A total of 3.70–
5.55 MBq (0.10–0.15 mCi)/kg 18F-FDG was administered
intravenously. PET/CT was performed approximately
60 min after 18F-FDG administration by a PET/CT scanner
(Discovery VCT®, GE Healthcare). Both CT and PET were
acquired from the top of the head to the upper thighs. CT
scanning was performed after a CT scout view with a tube
voltage of 120 kV, a tube current of 110 mAs, and scanning
thickness of 3.75 mm. PET was acquired with 3 min per bed
position.

PET/CT image interpretation

PET/CT images were visually interpreted by two experienced
nuclear medicine physicians in consensus, with knowledge of
the initial clinical data but blinded to the histology. The phy-
sicians reviewed the CT and PET images and recorded their
findings, respectively. The CT diagnosis was mainly accord-
ing to the location and morphological characteristics of the
masses (margin, with/without necrosis), in addition to its re-
lationship with surrounding tissues (with/without infiltration/
involvement of epicardium, surrounding tissue, and vessel),
with/without pericardial/pleural effusion, and whether there
were extracardiac lesions. A semi-quantitative method was
applied in the PET interpretation, which was based on several
metabolic indices of 18F-FDG uptake (maximum standardized
uptake value [SUVmax], mean standardized uptake value
[SUVmean], metabolic tumour volume [MTV], and total lesion
glycolysis [TLG]). All PETand CT data were processed using
commercial software (PMOD PNEURO version 3.906,
PMOD Technologies Ltd., Zurich, Switzerland) in DICOM
format. The lesions were identified on PET images and seg-
mented automatically using a 3D-area growing algorithm in
the axial, coronal, and sagittal planes [16]. The measurement
of the indices was performed within the regions of interest
(ROIs), which were determined by the SUV threshold or from
CT image. The SUV threshold was calculated by a back-
ground method as described previously [17] as follows:

SUVthreshold ¼ SUVbkgdþ 20% SUVmaxROI−SUVbkgdð Þ; ð1Þ
where SUVmaxROI refers to SUVmax of the lesion and SUVbkgd

refers to the mean SUVmax of the background. Due to the
variability of FDG uptake in the myocardium, we chose the
erector spinae muscles as the background. The MTV and
SUVmean were determined automatically by the software,
and the total lesion glycolysis (TLG) was calculated according
to the formula:
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TLG ¼ SUVmean�MTV ð2Þ

Follow-up

Follow-up was performed after PET/CT scan. During the
follow-up time, we recorded the therapeutic response of each
patient, the time to first progression/recurrence or death, and
the performance status of survivors. OS was defined as the
time interval from the date of PET/CT imaging to death related
to cardiac mass or the date of last follow-up and was chosen as
an endpoint to estimate the prognostic value of clinical data
and PET/CT parameters.

Statistical analysis

A commercial software package (SPSS 22.0, IBM Inc.,
Armonk, NY, USA) was employed for data processing.
Continuous variables are expressed as mean ± SD.
Categorical variables are expressed as number and percentage.
For quantitative data, normal distribution and homogeneity of
variances were tested first. Student’s t test was used for quan-
titative data with normal distribution and equal variances,
while Welch’s t test was applied if variance was unequal.
Quantitative data with non-normal distribution or the categor-
ical variables were compared with the Mann-Whitney U test
between two groups (benign and malignant groups), or with
the Kruskal-Wallis H test among three groups (primary, sec-
ondary, and lymphoma groups). Receiver operating character-
istic (ROC) analysis was used to determine the optimal cutoff
values of parameters (SUVmax, SUVmean, MTV, and TLG),
and the value with the highest sum of sensitivity and specific-
ity was regarded as the cutoff value. Sensitivity, specificity,
accuracy, positive predictive value (PPV), and negative pre-
dictive value (NPV) were calculated for each variable. The
influences of gender, age, morphological features, and meta-
bolic indices were examined in univariate analysis and multi-
variate Cox regression analysis for overall survival (OS).
Kaplan-Meier’s method was applied to generate survival
curves, and the log-rank test was used for comparison.

Results

The final study population comprised 64 patients (34 men, 30
women; mean age ± SD, 51.20 ± 17.50 years), with 65 cardiac
masses (one man with two different benign cardiac masses
[myxoma, ventricular aneurysm]). These cardiac masses were
diagnosed as follows: (1) malignancy = 38 (58.50%; primary
tumours [N = 17], metastases [N = 15], lymphomas [N = 6]);
(2) benign = 27 (41.50%; neoplasms [N = 13], non-neoplastic
lesions [N = 12], unknown [N = 2]). The information of

pathology type, location, related history, and presence of
extracardiac lesions is summarized in Table 1, and four repre-
sentative cases are shown in Fig. 1.

PET/CT findings and diagnostic performance

The comparisons of CT features and FDG metabolic indices
between benign and malignant groups, as well as among pri-
mary and secondary malignancies and lymphoma, are sum-
marized in Table 2. There were statistically significant differ-
ences in multiple morphological features and metabolic indi-
ces between the benign and the malignant masses. For malig-
nant masses, among patients with primary or secondary ma-
lignancies or lymphoma, there were no statistically significant
differences in any of the aforementioned morphological fea-
tures. The SUVmax and SUVmean of lymphoma were signifi-
cantly higher than those of primary and secondary malignan-
cies (Table 2, Fig. 2a).

Table 2 also illustrates the diagnostic performance of
distinguishing benign masses from malignancies using the
abovementioned CT features and PET metabolic cutoff
values. Each CT feature alone showed relatively low diagnos-
tic accuracy, whereas using a criterion containing more than
three CT features for the diagnosis improved the diagnostic
performance (sensitivity, 78.94%; specificity, 100%; accura-
cy, 87.69; PPV, 100%; and NPV, 77.14%). The ROC curves
(Fig. 2b) show that using SUVmax of 6.75, SUVmean of 3.52,
MTVof 61.32, and TLG of 126.07 as cutoff values resulted in
the highest diagnostic performance with the areas under the
ROC curves (AUC) of 0.9142, 0.8655, 0.8713, and 0.8187,
respectively. Multiple logistic regression analysis resulted in

logit pð Þ ¼ 0:4092� SUVmaxþ 0:0055� TLG−3:6223 ð3Þ
with a little better AUC than that of SUVmax alone (0.9279 vs.
0.9142) (sensitivity, 94.74%; specificity, 85.19%; accuracy,
90.77%; PPV, 90.00%; and NPV, 92.00%), but with no statis-
tical difference.

Combining CT morphological features and SUVmax as a
criterion for distinguishing benign masses from malignancies
optimized the diagnostic performance (≥ 3 CT features and
SUVmax ≥ 6.75 [sensitivity, 76.32%; specificity, 100.00%; ac-
curacy, 86.15%; PPV, 100.00%; and NPV, 75.00%]; ≥ 3 CT
features or SUVmax ≥ 6.75 [sensitivity, 94.74%; specificity,
88.89%; accuracy, 92.31%; PPV, 92.31%; and NPV,
92.31%]). These results were also shown in Table 2.

Follow-up and Survival Analysis.

Except for two patients with cardiac lipoma who did not un-
dergo surgery, the main treatment for benign lesions was sur-
gery. Surgery with/without adjuvant chemotherapy was the
mainstay of treatment for patients with primary cardiac
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malignancy. The patients with secondary malignancy and
lymphoma mainly received systemic chemotherapy.

Because 18 patients were lost to follow-up, the survival
analysis was performed in 72.31% (47/65) of cardiac masses,
with a mean age of 52.89 ± 17.73 years. The follow-up time
ranged from 6 to 2289 days (534 ± 563 days). Of the 47 car-
diac masses, 25 were malignant and 22 were benign. Of the 25
patients with malignant masses, 18 (72.00%) died of the dis-
ease, whereas only 2 (9.09%) patients with benign disease
died. The 2-year OS rates of patients in the malignant and
benign groups were 21% and 86%, respectively.

The optimal cutoff values were calculated by ROC curves
and are summarized in Table 3. On univariate analysis

(Table 3), risk of death was increased for patients with sur-
rounding tissue infiltration, epicardial infiltration, necrosis,
multiple chambers or vessel involvement, extracardiac lesion,
SUVmax ≥ 6.715, SUVmean ≥ 3.16, MTV ≥ 54.54, and TLG ≥
137.90. Irregular mass margins seemed to increase the risk of
death but not to a statistically significantly extent (hazard ratio
4.15, p = 0.056). Gender, age, pericardial effusion, and pleural
effusion were not predictive of overall survival. Multivariate
Cox regression analysis showed SUVmax ≥ 6.715 was the only
significantly independent prognostic factor (p < 0.001).

Kaplan-Meier curves illustrated that the cases with SUVmax

< 6.715 had longer OS than the patients with SUVmax ≥ 6.715,
withmedian survival times of 1460 and 342 days, respectively

Table 1 Cardiac lesion pathology, location, related history, and presence or absence of extracardiac lesions

Diagnosis No. Location (NO.) Related
history

Extracardiac
lesions

RA LA RV LV Multiple
chambers

Chamber(s) +
vessel(s)

Others

Malignant 38 11 3 2 1 8 12 1 5 28

Primary 17 8 3 – – 3 3 – 3 8

Angiosarcoma 5 5 – – – – – – – 4

Undifferentiated sarcoma 1 – 1 – – – – – 1 –

Myofibroblastic sarcoma 1 – 1 – – – – – 1 1

Synovial sarcoma 1 – – – – 1 (RA+RV) – – 1 –

Malignant peripheral nerve sheath
tumour

1 – 1 – – – – – – –

Unknown 8 3 – – – 21* 33* – – 3

Secondary 15 3 – 1 1 2 7 1 2 14

Lung 6 1 – 1 – – 44* – 2 6

Mediastinum 6 1 – – – 1 (LA + LV) 3 (RA +CS) 16* – 5

Ovarian cancer 1 1 – – – – – – – 1

Choroidal melanoma 1 – – – – 1 (LA + LV) – – – 1

Esophageal carcinoma 1 – – – 1 – – – – 1

Lymphoma 6 – – 1 – 32* 25* – – 6

Benign 27 6 5 3 5 – 2 6 3 2

Neoplasms 13 3 3 1 2 – 2 2 3 1

Myxoma 8 3 3 – 1 – 1 (RA+CI) – 3 –

Lipoma 2 – – – – – – 27* – –

Intravenous leiomyomatosis 1 – – – – – 1 (RA+CI) – – 1

Cavernous hemangioma 1 – – 1 – – – – – –

Papillary fibroelastoma 1 – – – 1 – – – – –

Non-neoplastic lesions 12 3 2 – 3 – – 4 – 1

Thrombus 5 3 2 – – – – – – –

Valvular lesion 4 – – – – – – 4 (AVJ)– –

Ventricular aneurysm 3 – – – 3 – – – – 1#

Unknown 2 – – 2 – – – – – –

Total 65 17 8 5 6 8 14 7 8 30

RA, right atrium; RV, right ventricle; LA, left atrium; LV, left ventricle;CS, cava superior;CI, cava inferior;AA, ascending aorta; PA, pulmonary artery;BV,
brachiocephalic vein; AVJ, atrioventricular junction; HV, hepatic vein
1 * RA+RV; RA+LA; 2 * RA+RV(2); RA+RV+LA(1); 3 * RA+CS+left BV; RA+ CS+CI+PA+AA; RA+ CI; 4 * RA+CS; RA+CS+jugular vein; LA+
RPA; 5 * RA+ RV+CS(1); RA+CI+HV(1); 6 *intrapericardial; 7 *LV inferior wall (1); interventricular septum (1); # a man with stage IV lung cancer
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(p = 0.00016) (Fig. 3a). Seventeen of the 24 patients with
SUVmax ≥ 6.715 (70.83%) died, whereas only three of the
23 lesions in 22 patients with SUVmax < 6.715 died
(13.64%), including one patient with myxoma who died dur-
ing surgery, one patient with thrombus who died 1 year after
heart transplantation due to restrictive cardiomyopathy, and
another case with ovarian cancer metastatic to the right atrium.
The 2-year OS rates were 29.17% (7/24) in the patients with
SUVmax ≥ 6.715 and 86.96% (20/23) in the patients with
SUVmax < 6.715, respectively.

Compared with PET (SUVmax ≥ 6.715)- or CT (≥ 3
features)-positive findings alone, the cases with both
PET-positive and CT-positive results had a worse progno-
sis (p = 0.0023) (Fig. 3b). For disease types, statistically
significant differences were observed among the sub-
groups for survival probability, with best survival in the
benign group, followed by the lymphoma group. Primary
cardiac malignancies had the worst prognosis (p < 0.001)
(Fig. 3c).

Discussion

18F-FDG PET/CT has been well documented in the diagnosis,
staging, and monitoring of neoplastic and some non-
neoplastic diseases [18–20]. Given the rarity and complexity
of cardiac masses, the values of PET/CT in cardiac masses,
especially the prognosis assessment value, remain to be con-
firmed. Scattered case reports have noted that FDG PET/CT
can visualize cardiac masses and assess their glucose metab-
olism levels [21–28]. A few publications involved cardiac
masses cohort showed that PET/CT or PET/MRI with 18F-
FDG is promising for differentiating benign from malignant
cardiac lesions [29–32]. However, the enrolled patient num-
bers were limited, ranging from 20 to 24, and prognostic as-
sessment was not available.

In this study, we enrolled 65 cardiac masses in 64 cases for
evaluating not only the diagnostic accuracy but also the prog-
nostic value of FDG PET/CT. Considering that non-neoplastic
lesions, including thrombus, vegetation, valvular lesions, and

Fig. 1 Representative cases. a A
54-year-old man presenting with
malignant peripheral nerve sheath
tumour in the left atrium. 18F-
FDG PET/CT images showed the
cardiac tumour with an SUVmax

of 12.27 without extracardiac in-
volvement (arrows). b A 83-year-
old man presenting with left atrial
myxoma with calcification.
Images showed the benign mass
with an SUVmax of 4.51 (arrows).
c The 18F-FDG PET/CT images
of a 63-year-old woman demon-
strated a left atrial hypermetabolic
mass with an SUVmax of 15.15
(arrows), which was secondary to
a malignant mesenchymal tumour
in the right lung (curved arrow).
The MIP image also detected
lymph nodes (arrowhead) and
adrenal (dotted arrows) metasta-
ses. d 18F-FDG PET/CT images
of a 61-year-old man revealed a
large cardiac mass with an
SUVmax of 25.37 involving the
left atrium (yellow arrows), right
atrium (red arrows), and right
ventricle (not shown). Bilateral
adrenal involvement (dotted ar-
rows) was also noted. The histo-
logical diagnosis was diffuse
large B cell lymphoma

Eur J Nucl Med Mol Imaging (2020) 47:1083–1093 1087



Ta
bl
e
2

C
om

pa
ri
so
n
of

m
or
ph
ol
og
ic
al
fe
at
ur
es

an
d
m
et
ab
ol
ic
in
di
ce
s
am

on
g
gr
ou
ps

an
d
di
ag
no
st
ic
pe
rf
or
m
an
ce

B
en
ig
n

M
al
ig
na
nt

p
Se
n.

(%
)

S
pe
.

(%
)

A
cc
.

(%
)

P
P
V

(%
)

N
PV

(%
)

Pr
im

ar
y

S
ec
on
da
ry

L
ym

ph
om

a
P

N
um

be
r

27
38

17
15

6

M
al
e
(%

)
16

(5
9.
3%

)
19

(5
0%

)
0.
46
1

9
(5
2.
9%

)
8
(5
3.
3%

)
2
(3
3.
3%

)
0.
68
0

A
ge

51
.8
1
±
17
.4
7
50
.6
1
±
17
.5
0

0.
78
4

46
.3
5
±
18
.5
6

54
.1
3
±
16
.4
8

53
.8
3
±
17
.0
5

0.
41
4

C
T
fe
at
ur
es

Su
rr
ou
nd
in
g
tis
su
e
in
fi
ltr
at
io
n

1
21

0.
00
0

55
.2
6

96
.3
0

72
.3
1

95
.4
5

60
.4
7

8
(4
7.
1%

)
8
(5
3.
3%

)
5
(8
3.
33
%
)

0.
31
1

In
vo
lv
em

en
to

f
ep
ic
ar
di
um

0
21

0.
00
0

55
.2
6

10
0.
00

73
.8
5

10
0.
00

61
.3
6

9
(5
2.
9%

)
8
(5
3.
3%

)
4
(6
6.
67
%
)

0.
83
3

Ir
re
gu
la
r
m
ar
gi
n

10
38

0.
00
0
10
0.
00

62
.9
6

84
.6
2

79
.1
7

10
0.
00

17
(1
00
%
)

15
(1
00
%
)

6
(1
00
%
)

_

Pr
es
en
ce

of
ne
cr
os
is

0
9

0.
00
7

23
.6
8

10
0.
00

55
.3
8

10
0.
00

48
.2
1

5
(2
9.
4%

)
2
(1
3.
3%

)
2
(3
3.
3%

)
0.
48
0

Pe
ri
ca
rd
ia
le
ff
us
io
n

3
21

0.
00
0

55
.2
6

88
.8
9

69
.2
3

87
.5
0

58
.5
3

6
(3
5.
3%

)
10

(6
6.
7%

)
5
(8
3.
33
%
)

0.
07
1

Pl
eu
ra
le
ff
us
io
n

3
18

0.
00
2

47
.3
7

88
.8
9

64
.6
2

85
.7
1

54
.5
5

5
(2
9.
4%

)
8
(5
3.
3%

)
5
(8
3.
33
%
)

0.
06
8

In
vo
lv
em

en
t>

1
ch
am

be
r
or

ve
ss
el
(s
)

2
20

0.
00
0

52
.6
3

92
.5
9

69
.2
3

90
.9
1

65
.7
9

6
(3
5.
3%

)
9
(6
0.
0%

)
5
(8
3.
33
%
)

0.
10
4

M
or
e
th
an

3
fe
at
ur
es

0
30

0.
00
0

78
.9
4

10
0

87
.6
9

10
0.
00

77
.1
4

12
(7
0.
6%

)
12

(8
8.
2%

)
6
(1
00
%
)

0.
17
3

P
E
T
fe
at
ur
es

S
U
V
m
ax

5.
25

±
2.
63

11
.6
4
±
5.
14

0.
00
0

92
.1
1

88
.8
9

90
.7
7

92
.1
1

88
.8
9

11
.1
0
±
4.
67

10
.0
1
±
3.
92

17
.2
6
±
5.
98

0.
00
8

S
U
V
m
ea
n

2.
94

±
1.
49

5.
08

±
2.
11

0.
00
0

78
.9
5

85
.1
9

81
.3
4

88
.2
4

74
.1
9

4.
59

±
1.
59

4.
51

±
1.
57

7.
87

±
2.
58

0.
00
1

M
T
V

20
.6
1
±
23
.8
9
12
9.
47

±
13
6.
54

0.
00
0

55
.2
6

96
.3
0

72
.3
1

95
.4
5

60
.4
7

11
4.
85

±
11
5.
25

12
4.
77

±
16
0.
73

18
2.
63

±
13
7.
58

0.
58
3

T
L
G

58
.1
2
±
78
.3
0
70
9.
4
±
85
1.
96

0.
00
0

73
.6
8

92
.5
9

81
.5
4

93
.3
3

71
.4
3

61
2.
64

±
87
6.
23

57
8.
08

±
79
5.
27

13
11
.8
6
±
79
0.
11

0.
16
9

C
T
an
d
P
E
T

fe
at
ur
es

C
T
≥
3
fe
at
ur
es

A
N
D
SU

V
m
ax

≥
6.
75

0
29

0.
00
0

76
.3
2

10
0.
00

86
.1
5

10
0.
00

75
.0
0

12
(7
0.
6%

)
11

(7
3.
33
%
)

6
(1
00
%
)

0.
16
5

C
T
≥
3
fe
at
ur
es

O
R
S
U
V
m
ax
≥
6.
75

3
36

0.
00
0

94
.7
4

88
.8
9

92
.3
1

92
.3
1

92
.3
1

17
(1
00
%
)

13
(8
6.
67
%
)

6
(1
00
%
)

0.
14
3

Se
n,
se
ns
iti
vi
ty
;S

pe
,s
pe
ci
fi
ci
ty
;A

cc
,a
cc
ur
ac
y;

P
P
V,
po
si
tiv

e
pr
ed
ic
tiv

e
va
lu
e;
N
P
V,
ne
ga
tiv

e
pr
ed
ic
tiv

e
va
lu
e

1088 Eur J Nucl Med Mol Imaging (2020) 47:1083–1093



ventricular aneurysm, sometimes mimic tumours [33–35], we
brought the patients with the abovementioned tumour mimics
into this retrospective study. There are considerable differ-
ences in treatment strategies not only between malignant and
benign entities but also among different types of malignan-
cies. Therefore, in addition to diagnostic and prognostic as-
sessment between malignant and benign entit ies,
distinguishing among primary malignancies, secondary ma-
lignancies, and lymphoma was also carried out in our study.

Our results suggest that 18F-FDG PET/CT is a reliable
tool in the diagnosis of cardiac masses. From the results
of this study, we propose an 18F-FDG PET/CT diagnostic

approach for cardiac masses shown in Fig. 4. Some re-
ports have suggested that a location of the tumour outside
the left heart, tissue inhomogeneity, the presence of peri-
cardial effusion, infiltrative growth pattern, and lobulated
margins are predictors of malignant cardiac masses [8–10,
36, 37]. Tumour size is not efficient to differentiate be-
nign masses from malignancies [8, 32]. Following the
morphological score system established by Rahbar et al.
[32], we enrolled multiple morphological features for
analysis (Table 2). Our data showed the diagnostic perfor-
mance of combining ≥ 3 CT features was relatively supe-
rior to those using a single feature.

Fig. 2 a SUVmax of different types of cardiac masses. b ROC curve of SUVmax, SUVmean, TLG, MTV, and SUVmax and TLG

Table 3 Results of univariate
analysis for predicting overall
survival

Optimal cutoff value AUC Hazard ratio 95% CI p value

Gender – – 1.11 0.46–2.68 0.819

Age – – 1.02 0.99–1.05 0.170

Surrounding tissue infiltration – – 3.98 1.62–9.81 0.003**

Epicardial infiltration – – 2.92 1.20–7.08 0.018*

Irregular margin – – 4.15 0.96–17.92 0.056

Necrosis – – 2.72 1.08–6.83 0.033*

Pericardial effusion – – 2.38 0.98–5.77 0.055

Pleural effusion – – 2.10 0.87–5.07 0.098

Multi chambers/vessels – – 2.54 1.05–6.15 0.038*

Extracardiac lesion – – 2.75 1.12–6.75 0.027*

SUVmax 6.715 0.7574 7.61 2.21–26.20 0.001**

SUVmean 3.16 0.7343 6.23 1.81–21.40 0.004**

MTV 54.54 0.7185 2.97 1.210–7.28 0.017*

TLG 137.90 0.7019 3.32 1.32–8.35 0.011*

*, p < 0.05; **, p < 0.01
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The lesion SUVmax values in this study were significantly
higher in malignant cardiac masses than those in benign le-
sions, which is similar to those in the studies (imaging modal-
ity, patient numbers; SUVmax cutoff value; sensitivity, speci-
ficity, accuracy, PPV, and NPV for diagnosis) conducted by
Shao et al. [29] (PET/CT; N = 23; 3.5–4.0; 100.0%, 90%,
95.7%, 92.9%, and 100.0%), Rahbar et al. [32] (PET/CT,
N = 24; 3.5; 100%, 86%, 96%, 100%, and 100%), and
Nensa et al. [30] (PET/MR, N = 20; 5.2; 100%, 92%, 95%,
88%, and 100%). The cutoff value in our study (6.75) was
higher than those of the abovementioned three publications,
whereas the diagnostic performance (92.11%, 88.89%,
90.77%, 92.11%, and 88.89%) using SUVmax ≥ 6.75 seemed
to be slightly inferior to those studies. These differences might
be due to the larger sample size and intra-individual/individual
variability. Notably, we hold an identical view with these re-
ports that despite an SUVmax of 2.5 being the conventional

cutoff for differentiating benign and malignant lesions in other
solid tumours, it is not suitable for cardiac masses.
Additionally, SUVmean, MTV, and TLG also reflect
glycometabolism and were used for diagnosis [38–40] as we
did in our study. However, these values had relatively lower
efficiency in diagnostic accuracy compared with SUVmax.

Simultaneous consideration of CT results (≥ 3 features) and
SUVmax (≥ 6.75) could further optimize the diagnostic perfor-
mance (Table 2). If both CT- and SUVmax-positive results were
regarded as positive criteria, the specificity and PPV would in-
crease, avoiding false-positive results. In contrast, either CT- or
SUVmax-positive results regarded as positive criteria could in-
crease the sensitivity and NPV, reducing false-negative results.

In addition to providing morphological characteristics and
metabolic parameters, 18F-FDG PET/CTclearly illustrated the
locations of the lesions, which was critical for diagnosis and
staging. Our results suggest cardiac masses may occur in any
single chamber or multiple chambers, with or without vascular
infiltration. The right atrium is the most common location for
both malignant and benign cardiac masses. Multi-chambers or
vessel involvement often occurred in malignant disease. In
benign diseases, only one case of myxoma and one case of
intravenous leiomyomatosis occurred in the right atrium and
inferior vena cava. Some diseases had specific locations, such
as lipomas usually occurring in the myocardial wall, valvular
lesions in the atrioventricular junction area, and ventricular
aneurysms in the ventricle (more common in left ventricle)
[4]. One of the biggest advantages of PET/CT is panoramic
imaging, which is especially useful for detecting tumours in
patients with metastasis with unknown primary and for stag-
ing. In this study, PET/CT detected extracardiac lesions in 30
cases, contributing to correct staging.

Diagnostic CT and MR (especially cardiac MR) provide
excellent anatomical visualization [41, 42], and some criteria
(surrounding tissue infiltration, epicardial infiltration, necro-
sis, multiple chambers or vessel involvement, and extracardiac
lesions) were associated with poorer OS. However, multivar-
ia te Cox regress ion ana lys i s showed al l of the

Fig. 3 Kaplan-Meier analysis of the relationship between OS and SUVmax (a), PET/CT findings (b), and mass types (c), respectively

Fig. 4 FDG PET/CT diagnostic approach for cardiac masses. First, using
SUVmax ≥ 6.75 or ≥ 3 CT features as a differential criterion to distinguish
malignancies from benign masses. Second, lymphoma may be distin-
guished from other malignancies by a higher FDG uptake. Moreover,
further detection of extracardiac lesions can not only stage lymphoma
but also identify primary and secondary malignant masses
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abovementioned morphological criteria were not independent
prognostic factors. In addition to morphological criteria, PET/
CT offers semi-quantitative metabolic indices to aid prognos-
tic assessment. Due to the panoramic view of PET/CT, the
detection of extracardiac lesions allows prognostic evaluation.
High glycometabolism levels indicate worse outcome, as is
reported in other solid tumours [43, 44]. Our data demonstrat-
ed that SUVmax is the only significant independent prognostic
factor. The patients with cardiac masses with SUVmax ≥ 6.715
had a significantly worse prognosis.

In this study, patients with benign masses had the best prog-
nosis, because gross total resection could alleviate the heart bur-
den and greatly improve the quality of life, obtaining satisfactory
long-term survival [45, 46]. Primary cardiac lymphoma had a
relatively favourable prognosis due to most patients having a
good response to chemotherapy. Petrich et al. [47] described poor
survival with left ventricular involvement by lymphoma.
However, no left ventricular involvement was observed in our
study, which may be one of the reasons for the relatively good
prognosis. Whether primary or secondary, cardiac malignancies
have a very dismal prognosis because of their high degree of
aggressiveness [46]. Some authors suggest right heart malignan-
cies tend to be bulky, infiltrative, cause late symptoms, and me-
tastasize early, all of which are closely related to poor outcome
[48, 49]. Themajority of our cases had right cardiac involvement,
which could partly explain the poor prognosis. Superior survival
was observed in secondary malignancies in comparison with
primary ones, whichmight be due in part to the pathological type
of primary tumour and relatively good response to therapy.

One of the main limitations of this study is the background
interference coming from physiological uptake of 18F-FDG in
myocardium in some patients. A low-carbohydrate/high-fat
diet before 18F-FDG administration can suppress the tracer
accumulation within the myocardium [50, 51]. However, this
diet regimen was not instituted due to the lack of suspicion of
a cardiac mass. Prolonged fasting before 18F-FDG PET is
another suitable method to depress normal myocardial 18F-
FDG uptake [51, 52], which was performed in our study.
Other limitations include inexact image fusion due to the re-
spiratory and cardiac motion [53], the relatively short follow-
up time, and the heterogeneity of treatment modalities. In
addition, although our study enrolled 64 cases, which is a
relatively larger cohort compared with previous studies, the
sample size remains relatively small due to the extremely low
incidence of cardiac masses. Hence, we need a prospective
randomized trial involving a larger number of patients with
gated 18F-FDG PET/CT to further confirm our results.

Conclusions

18F-FDG PET/CT is of great value for diagnosis and prognos-
tic assessment in patients with cardiac masses before treatment

and has optimal detecting ability for extracardiac lesions due
to the whole-body images. As a semi-quantitative metabolic
criterion, SUVmax ≥ 6.75 displayed significant positive predic-
tive value for cardiac malignancies, and SUVmax ≥ 6.715 pre-
dicted poor overall survival.
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