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Background: To evaluate the diagnostic accuracy of contrast
echocardiography (CE) in patients with suspected cardiac masses.

Methods: A multicenter, prospective study involving 108 consecutive patients
with suspected cardiac masses based on transthoracic echocardiography
performed between November 2019 and December 2020 was carried out.
CE examinations were performed in all patients. The echocardiographic
diagnosis was established according to the qualitative (echogenicity, boundary,
morphology of the base, mass perfusion, pericardial effusion, and motility) and
quantitative (area of the masses and peak intensity ratio of the masses and
adjacent myocardium A1/A2) evaluations.

Results: Final confirmed diagnoses were as follows: no cardiac mass (n =
3), pseudomass (n = 3), thrombus (n = 36), benign tumor (n = 30), and
malignant tumor (n = 36). ROC analysis revealed the optimal A1/A2 with cutoff
value of 0.295 for a cardiac tumor from a thrombus, with AUC, sensitivity,
specificity, PPV, and NPV of 0.958 (95% confidence interval (Cl): 0.899-0.988),
100, 91.7, 95.7, and 100%, respectively. CE was able to distinguish malignant
from benign tumors with an AUC of 0.953 (95% CI: 0.870-0.990). Multivariate
logistic regression analysis revealed that tumor area, base, and A1/A2 were
associated with the risk of malignant tumor (OR = 1.003, 95% CI: 1.00003-
1.005; OR = 22.64, 95% CI: 1.30-395.21; OR = 165.39, 95% ClI: 4.68-5,850.94,
respectively). When using A1/A2 > 1.28 as the only diagnostic criterion to
identify the malignant tumor, AUC, sensitivity, specificity, PPV, and NPV were
0.886 (95% ClI: 0.784-0.951), 80.6, 96.7, 96.7, and 80.7%, respectively.

Conclusion: CE has the potential to accurately differentiate cardiac masses by
combining qualitative and quantitative analyses. However, more studies with a
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large sample size should be conducted to further confirm these findings.

Clinical trial

registration:
ChiCTR1900026809.

http://www.chictr.org.cn/,  identifier:

cardiac mass, heart neoplasms, echocardiography, ultrasound enhancing agents,

sensitivity, specificity

Introduction

Cardiac masses have captured researchers” attention since
the beginning of the field of echocardiography. Cardiac
masses can be classified into non-neoplastic masses (thrombi,
vegetations, calcifications, or other rare conditions), benign
tumors, or malignant tumors (1, 2). Non-neoplastic masses
account for 75% of all cases (3). Cardiac tumors are among
the least prevalent of all tumors. The estimated prevalence of
primary cardiac tumors is 0.001-0.03% (4), whereas metastatic
cardiac tumors have been reported to occur 10-1,000 times as
often (2.3-18.3%) (5). Primary cardiac tumors are divided into
benign and malignant based on their histological characteristics
(6). A previous study has demonstrated that the proportions of
cardiac tumors in the left atrium, right atrium, left ventricle,
right ventricle, and other sites were 34, 26, 6, 7, and 27%,
respectively (7).

Cardiac masses may occur in any cardiac chamber adjacent
to large blood vessels or pericardium. The treatments for cardiac
tumors include surgical removal and chemoradiotherapy. The
choice of treatment depends on the histopathological type, the
extent of cancer invasion, and patient risk stratification (8).
Early detection and accurate differentiation of cardiac masses
might prolong survival and improve quality of life in affected
patients. Several imaging modalities, including transthoracic
echocardiography (TTE), transesophageal echocardiography
(TEE), cardiac magnetic resonance (CMR), and positron
emission tomography, have a crucial role in the assessment of
cardiac masses (2). Given the diversity of cardiac masses, there
are no guidelines or consensus regarding the best diagnostic
approach. A recently published paper has comprehensively
summarized the utility of these imaging modalities (9), stating
that TTE is usually the first choice for cardiac mass examination.
Once a cardiac mass is suspected based on TTE results, patients
may be scanned using CMR for further evaluation due to the
high resolution of cardiac mass boundary it provides. Positron
emission tomography is helpful for staging malignancies and
optimizing biopsy location.

TTE can help to determine the presence, size, shape,
echogenicity, mobility, attachment point, and hemodynamic
effects of the cardiac masses (10). The sensitivity of TTE
to diagnose cardiac masses is 93% (11). However, it is not
sufficient for some patients when image quality is suboptimal
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and echo are complex. With an accuracy of less than 70%, it is
very challenging to differentiate between benign and malignant
tumors using TTE (12). Contrast echocardiography (CE) is a
rapidly developing technology in recent years. The published
guidelines for CE state that it can improve the image quality
and help to distinguish between benign and malignant lesions
(class of recommendation: benefits are greater than risks, and
the procedure can be useful if performed) (13). However, most
studies on CE diagnosis of cardiac masses are case reports (14—
16), while the rest are retrospective (12) or small sample-sized
prospective studies (17). The evidence for differential diagnosis
of cardiac masses using CE is insufficient. Therefore, the present
study aimed to evaluate the diagnostic accuracy of CE in patients
with suspected cardiac masses.

Materials and methods

A group of six tertiary hospitals in North China, including
the second largest hospital in China, conducted this prospective
study. All the data collected were sent to Shengjing Hospital of
China Medical University, as in our previous multicenter study
(18). The study followed the STARD guidelines.

Study participants

Consecutive patients with suspected cardiac masses based on
TTE performed between November 2019 and December 2020
were eligible for inclusion. All patients were adults. Exclusion
criteria included allergies to albumin, blood products, and
ultrasound enhancing agents; severe heart failure (New York
Heart Association Class IV) and severe arrhythmia patients;
respiratory failure; severe liver or kidney dysfunction; and
mental illness or epilepsy (19).

Echocardiographic image acquisition
Echocardiographic examinations were performed with the
patient in the left lateral position by a radiologist with

more than 10 years of TTE experience using a Philips iE33
ultrasound system (Philips Medical Systems, Bothell, WA,
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USA) and a TTE probe (S5-1, 1-5 MHz) at each center.
All images and measurements were obtained according to the
echocardiography guideline (20). Subsequently, all patients were
examined using CE according to the latest published guidelines
(13, 21).

Contrast echocardiography protocol

This protocol was written according to the recently
published guideline for CE (13). Commercial ultrasound
enhancing agents were used in the CE process (SonoVue;
Bracco, Plan-Les-Ouates, Switzerland). First, the left ventricular
opacification (LVO) mode was initiated with a low mechanical
index of 0.2 and 30-Hz frame rates. Then, 0.8 mL of prepared
ultrasound enhancing agents were quickly injected via the
peripheral vein, with a slow (10-20s) 3-5mL saline flush. This
was repeated as needed for optimal delineation of the left
ventricular cavity and cardiac masses. The above-mentioned
morphological and hemodynamic features of cardiac lesions
were observed and saved digitally in this mode. Second, the
myocardial contrast echocardiography (MCE) mode was turned
on with a very low mechanical index of 0.08 and 30-Hz frame
rates. After filling in the left ventricle and the myocardium, the
ultrasound enhancing agents were continuously infused with a
dedicated Vueject® syringe pump (Bracco, Milano, Italy) at a
rate of 1 mL/min. The intermittent-flash (high mechanical index
of 1.0) technique was used to destroy the microbubbles. Notably,
the high mechanical index ultrasound impulse was transmitted
between 5-10 frames to destroy the microbubbles. Perfusion
was confirmed post contrast replenishment after the impulse to
prevent a false positive reading due to saturation artifact. Finally,
imaging results for the enhancement of the masses and adjacent
normal myocardium before and after the flash were stored.

Echocardiographic image analysis

The

(uniform/non-uniform),

included

(well-demarcated/not

qualitative  analysis echogenicity
boundary
well-demarcated), morphology of the base under CE (narrow
with peduncle/narrow with notch/broad) (22), mass perfusion
(no perfusion/mild perfusion/intense perfusion) (23), motility
(absent/present) (24), and pericardial effusion (absent/present).
Quantitative analysis was performed using QLAB software
(version 13.0; Philips Medical Systems, Andover, MA, USA).
The area of the masses was measured when the long maximum
diameter was apparent. The region of interest was depicted
along the boundary of each lesion and within the adjacent
myocardium section (23). The peak intensity of the masses
and of the adjacent myocardium were measured as Al and
A2, respectively (Figure 1) (25). The ratio of Al to A2 was
then calculated (26). A1/A2 > 1 was considered to indicate

a high possibility of malignant tumor, while a mass with a
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FIGURE 1
Qualitative analysis of contrast echocardiography in patients
with suspected cardiac masses using QLAB software

ratio between 0 and 1 was considered to be a benign tumor
or thrombus (26, 27). The mass with Al close to zero was
considered a thrombus.

All analyses were performed independently by two
investigators (Y.L. and X.W.) with more than 6 years of
experience with CE and more than 10 years of experience
with TTE. To improve the specificity of CE differentiation of
malignant tumor from benign tumor based on the pilot study,
the final diagnosis was made based on the combination of
qualitative and quantitative results (26). Disagreements were
discussed and resolved by involving a senior CE expert (W.R.)
for adjudication.

Follow-up and validation

All patients were followed up to determine all-cause
mortality by checking their medical records, performing
telephone interviews, and via outpatient exams every 6 months
until March 1, 2022. (I) Pseudomass was defined as a variant
or prominent normal structure, including Eustachian valve
or Chiari network, Crista terminalis, and Coumadin ridge
(28). Diagnosis was confirmed by CMR. No morphological
changes were identified by follow-up imaging. (II) Thrombus
was defined as a distinct mass of echoes that can be seen
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throughout systole and diastole (29). Either of the following
two criteria had to be met: i) a significantly diminishing size or
full resolution after anticoagulation therapy and confirmation of
thrombus upon follow-up TEE or computed tomography (CT);
or ii) pathological confirmation (24). (IIT) All tumors had to
be confirmed by surgery or biopsy. Tumors were classified as
benign or malignant based on histology (pathologic analysis)
results in accordance with the 2015 World Health Organization
classification of tumors of the heart and pericardium (6).

Measurement variability

To determine the intra-observer variability for all qualitative
and quantitative indexes, measurements of 50 randomly selected
cases were reassessed 2 weeks later by an investigator (Y.X.)
who was blinded to the previous measurement results. To
determine the inter-observer variability, measurements were
repeated by a second observer (Y.F.) who was blinded to the
results obtained by the first investigator. The two investigators
were equally experienced.

Sample size calculation

The appropriate sample size was estimated with a 5% level
of type I error and a minimal statistical power of 80% using
PASS software (PASS 21.0.3. NCSS, LLC, Kaysville, UT, USA).
The average sensitivity was 92.9% and the average specificity was
78.3% when using CE to differentiate malignant tumors from
benign tumors based on Xia et al. (12) and our previous study
(26) findings. When the prevalence/ratio was 35.0% (number of
patients with malignant tumor/number of total cardiac tumor
patients), the test required a minimum sample size of 46 (16
participants with malignant tumors and 30 participants with
benign tumors).

The sensitivity was greater than 88.9% and specificity
was greater than 80% when using CE to differentiate cardiac
tumors from non-neoplastic cardiac masses in our previous
study (26). When the prevalence/ratio was 57.1% (number of
patients with thrombus/total number of patients with cardiac
mass) (26), a sample size of 65 participants (37 participants
with tumors and 28 participants with non-neoplastic cardiac
masses) were sufficient to differentiate cardiac tumors from non-
neoplastic cardiac masses. Therefore, 81 (16 malignant tumors,
30 benign tumors, and 35 non-neoplastic cardiac masses) was
the minimum sample size for this study.

Statistical analysis

Continuous parameters were expressed as the mean
+ standard deviation, and differences between groups
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were analyzed using independent-samples t-tests. Non-
normally distributed parameters were expressed as the median
(interquartile range, IQR), and differences between groups
were analyzed using the Mann-Whitney U test. Comparison
of categorical parameters between groups was analyzed using
Pearson’s chi-squared test or Fisher’s exact test. Univariate
logistic regression analysis was performed to evaluate the
association between different echocardiographic parameters
of cardiac tumors. Additionally, multivariate analysis was
performed with the identified significant variables (P < 0.05).
Odds ratio (OR) and 95% confidence intervals (Cls) were also
calculated. Receiver operating characteristic (ROC) analysis
was conducted to assess the differentiating capacity of variables
for cardiac masses. Youden’s | statistic was used to determine
the optimal cutoff value. Finally, the area under the receiver
operating characteristic curve (AUC), accuracy, sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) were calculated. Interclass correlation
coefficient was used for continuous variables, and weighted
kappa (kw) was used for categorical measurements. A P value
of < 0.05 was used to define statistical significance. Statistical
analyses were performed using Stata (version 16.0; StataCorp,
College Station, TX, USA).

Results

Population characteristics

A total of 46,111 TTEs were performed at six departments
between November 1, 2019 and December 31, 2020. During
this period, 110 (0.24%) examinations were carried out in
patients with suspected cardiac masses. Two patients with
allergic constitution refused CE (Figure 2). As a result, 108
patients with a median age of 61.5 years (IQR: 52.0-67.5 years)
were enrolled in the study, of which 68 (63.0%) were men. The
baseline demographic and clinical characteristics of all patients
are summarized in Table 1. In these 108 patients: three patients
did not have any cardiac masses, three patients had a cardiac
pseudomass, 36 patients had a cardiac thrombus, 30 patients
had a benign tumor, and 36 patients had a malignant tumor.
These results revealed that the history of previous cardiovascular
disease and malignancy were significantly different among the
four groups.

Two cases of cardiac pseudomass were hypertrophy of
the interatrial septum, and one case of cardiac pseudomass
was hypertrophy of papillary muscle. All patients with a
cardiac thrombus received anticoagulation therapy, and none
underwent a pathological analysis. Thrombi were all solitary.
A total of 75% (27/36) of the thrombi were dissolved, and
in 25% of cases (9/36) the thrombus volume was significantly
reduced. Benign tumors were confirmed by surgery (28/30) and
biopsy (2/30). Malignant tumors were confirmed by surgery
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FIGURE 2

Diagnostic flow diagram for patients with suspected cardiac masses using contrast echocardiography according to STARD 2015.

(all three were primary malignant tumors) and biopsy (27/30).
The diagnoses made by two investigators (YL and XW) were
consistent in 104 cases. Four controversial cases were discussed
and diagnosed with the help of a senior CE expert (W.R.):
one case in the thrombus group with A1/A2 of 2.12 (correct
diagnosis before treatment); two cases in the benign group with
A1/A2 of 1.21 and 1.16 (erroneous diagnoses before treatment);
and one case in the malignant group with A1/A2 of 0.54
(erroneous diagnosis before treatment). More details on the
location and histopathology of cardiac tumors are shown in
Supplementary Tables S1, S2. No adverse drug reactions were
observed in any of the 108 patients.

Comparison and differentiation of
cardiac tumors from thrombi

Compared to the thrombus group, a larger area, higher
rate of non-uniform echogenicity, wider base, higher perfusion
intensity, and higher A1/A2 were identified in the tumor group
(P < 0.05; Table 2). Multivariate regression analysis revealed
that the base and enhancement A1/A2 were associated with
the presence of cardiac tumor compared to the thrombus (OR
= 7.53, 95% CI: 1.10-51.56; OR = 20.09, 95% CI: 4.17-96.72,
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respectively; Table 2). The AUC for A1/A2 was 0.958 (95% CIL:
0.899-0.988) when the cutoff value for A1/A2 was set to 0.295.
The accuracy, sensitivity, specificity, PPV, and NPV are shown
in Table 3.

Comparison and differentiation of
malignant tumors from benign tumors

Compared to the benign group, a larger area, higher rate
of non-uniform echogenicity, not well-demarcated boundary,
wider base, presence of motility, and higher A1/A2 were
identified in the tumor group (P < 0.05; Table 4). Multivariate
regression analysis revealed that the area, base, and A1/A2 were
associated with the presence of malignant tumor compared
to the benign tumor (OR = 1.003, 95% CI: 1.00003-1.005;
OR = 22.64, 95% CI. 1.30-395.21; OR = 165.39, 95%
CIL: 4.68-5,850.94, respectively; Table4). When the cutoff
value for A1/A2 was set to 1.28, the AUC for Al/A2
was 0.886 (95% CI: 0.784-0.951). When the cutoff value
for the tumor area was set to 1,302.2 mm?, the AUC
for the tumor area was 0.725 (95% CI: 0.601-0.828). The
accuracy, sensitivity, specificity, PPV, and NPV are shown in
Table 5.
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TABLE 1 Characteristics of the population.

No cardiac mass Thrombus
(n=3) and (n=36)
pseudomass (n =3)
Age, mean (SD), years 58.7 (10.7) 57.1(14.7)
Sex (Male/Female)
Male 4 21
Female 2 15
BMI, mean (SD), kg/m? 24.5(0.8) 24.6 (2.1)
Symptom
Asymptomatic 4 8
Dyspnea 0 13
Chest pain 0 7
Palpitations 1 4
Others 1 4
History of cardiovascular 6 33
disease
History of malignant 0 2
disease
Localization
Left ventricle 3 4
Left atrium 0 5
Right ventricle 0 8
Right atrium 1 12
Others* 2 7

SD, standard deviation; * details are shown in the Supplementary Table S3.

Follow-up

The median follow-up duration was 570 days (IQR: 447-
691 days). The 1-year survival rates for no mass/pseudomass,
thrombus, benign tumor, and malignant tumor groups were 100,
88.9, 100, and 80.6%, respectively. Patients in the malignant
group had a lower survival rate compared to patients in the
benign group (P = 0.014, Figure 3).

Reproducibility
The inter- and intra-observer reproducibility values

were excellent for all qualitative and quantitative indexes
(Supplementary Table S3).

Discussion

CE is a useful tool for patients with suspected cardiac masses.
In the present study, the diagnostic sensitivity and specificity of
CE were high when differentiating cardiac tumors from non-
neoplastic cardiac masses. At the same time, CE was superior
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Benign tumor Malignant P value
(n=30) tumor (n = 36)
55.1(13.3) 65.1(9.8) 0.117
0.810
21 2
9 14
23.6 (2.1) 24.0 (2.0) 0.153
0.069
5 2
11 21
6 5
2 3
6 5
18 19 <0.001
3 33 <0.001
0.084
0 1
8 1
5 9
13 19
4 6

to conventional TTE and comparable to pathologic analysis for
differentiating malignant tumors from benign tumors. To the
best of our knowledge, this is the first multicenter diagnostic
study of CE in patients with suspected cardiac masses.

Cardiac masses are often encountered during clinical
practice. They can be serious or even life-threatening. Improving
the diagnostic efficiency of cardiac mass is an urgent goal of
radiologists. TTE, transesophageal echocardiography, and CMR
are commonly used in diagnostic procedures. Currently, CMR is
the hottest topic in cardiac mass research. Several retrospective
studies have shown that the CMR features demonstrate excellent
accuracy for the differentiation of cardiac thrombi from
tumors and can be helpful for the distinction of benign
and malignant neoplasms (24, 30-34). A prospective CMR
study has demonstrated that tumor size (>3.25cm), invasion,
and first-pass perfusion are useful imaging characteristics in
differentiating benign from malignant tumors (35). Another
prospective CMR study has revealed that invasiveness, irregular
border, and late heterogeneous gadolinium enhancement are
better variables for differentiating benign and malignant tumors
(36). However, all of the above studies were limited to
qualitative or semi-quantitative analysis. Therefore, a diagnostic
imaging technique with quantitative parameters is urgently

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1011560
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Li et al.

TABLE 2 Comparison of echocardiographic parameters between thrombus and tumor.

10.3389/fcvm.2022.1011560

Thrombus Tumor P value Univariate regression Multivariate regression*
(n=36) (n=66)
OR (95%CI) P value OR (95%CI) P value
Area, mean (SD), mm? 966.5 (378.4) 1,484.5 (783.4) <0.001 1.001 (1.000-1.002) 0.001 1.00 (0.99-1.01) 0.188
Echogenicity 0.008 3.08 (1.31-7.21) 0.010 2.31(0.51-10.43) 0.278
Uniform 24 26
Non-uniform 12 40
Boundary 0.143 1.95 (0.79-4.80) 0.147
Well-demarcated 27 40
Not well-demarcated 9 26
Base <0.001 21.69 (4.81-97.86) <0.001 7.53 (1.10-51.56) 0.040
Narrow with peduncle 0 17
Narrow with notch 34 12
Broad 2 37
Mass perfusion <0.001 0.24 (0.06-0.93) 0.040 1.44 (0.18-11.38) 0.731
No perfusion 23 0
Mild perfusion 10 29
Intense Perfusion 3 37
Motility 0.097 2.33 (0.84-6.46) 0.103
Absent 30 45
Present 6 21
Pericardial effusion 0.275 1.71 (0.69-4.24) 0.244
Absent 27 42
Present 9 24
Enhancement A1/A2, 0.05 1.16 <0.001 38.82(8.33-180.93) <0.001 20.09 (4.17-96.72) <0.001
median (IQR) (0.04-0.17) (0.71-1.88)

CI, confidence interval; IQR, interquartile range; OR, odds ratio; SD, standard deviation. * variables entered into the multivariate regression included area, echogenicity, base, mass

perfusion, and enhancement A1/A2.

TABLE 3 Comparison of diagnostic performance in differentiating thrombus from cardiac tumor.

Sensitivity Specificity AUC Accuracy PPV NPV
Combined qualitative and 100% (94.6%—100%) 100% (90.3%—100%) 1.000 (0.964-1.000) 100% (96.5%—100%) 100% 100%
quantitative analysis
Using A1/A2 alone (Cutoff 100% (94.6%—100%) 91.7% (77.5%—98.3%) 0.958 (0.899-0.988) 97.1% (91.6%—99.4%) 95.7% 100%

value = 0.295)

(88.2%—98.5%)

AUG, the area under the receiver operating characteristic curve; NPV, negative predictive value; PPV, positive predictive value.

needed to share the burden of CMR and to reduce pathology
specialist workload.

At present, TTE is still the first diagnostic procedure
used to evaluate cardiac masses. Conventional TTE usually
assesses the following characteristics of cardiac masses: site,
base, mortality, and echogenicity. However, cardiac tumors,
especially differentiating benign and malignant tumors, are very
challenging to analyze using conventional TTE. An accurate
diagnosis based on qualitative information depends more on
the experience of the radiologist. To address this issue, CE
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has become an indispensable part of echocardiography with
rapid development in the recent decade (37). The application
of ultrasound enhancing agents based on conventional TTE
can clearly display the endocardial boundary of the left
ventricle and improve the accuracy of the left ventricular
ejection fraction measurement (13). CE data can also be
quantitatively analyzed. Kirkpatrick et al. have published the
first study that demonstrated the diagnostic utility of Al and
A2 values using CE in cardiac masses in 2004 (38). Since
then, several radiologists have shared their diagnosis experiences
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TABLE 4 Comparison of echocardiographic parameters between malignant tumor and benign tumor.

Benign Malignant P value Univariate regression Multivariate regression*
tumor tumor
(n=30) (n=36)
OR (95%CI) P value OR (95%CI) P value
Area, mean (SD), mm? 1,153.98 (721.68) 1,759.86 (732.47) <0.001 1.001 (1.0004-1.002) 0.003 1.003 (1.00003-1.005) 0.023
Echogenicity 0.034 2.97 (1.07-8.26) 0.037 2.30 (1.00003-1.005) 0.487
Uniform 16 10
Non-uniform 14 26
Boundary 0.015 3.67 (1.26-10.70) 0.017 24.46 (0.94-636.52) 0.055
Well-demarcated 23 17
Not well-demarcated 7 19
Base <0.001 16.43 (4.86-55.55) <0.001 22.64 (1.30-395.21) 0.033
Narrow with peduncle 15 2
Narrow with notch 8 4
Broad 7 30
Mass perfusion 0.057 2.62 (0.96-7.12) 0.060
Mild perfusion 17 12
Intense Perfusion 13 24
Motility 0.018 0.28 (0.09-0.82) 0.021 2.05 (0.15-28.56) 0.592
Absent 16 29
Present 14 7
Pericardial effusion 0.071 2.94 (0.94-8.57) 0.077
Absent 23 19
Present 7 17
Enhancement A1/A2, 0.73 (0.25) 1.76 (0.61) <0.001 84.07 (10.18-694.37) <0.001 165.39 (4.68-5850.94) 0.005

median (IQR)

CI, confidence interval; IQR, interquartile range; OR, odds ratio; SD, standard deviation. * variables entered into the multivariate regression included area, echogenicity, boundary, base,
motility, and enhancement A1/A2.

TABLE 5 Comparison of diagnostic performance in differentiating malignant tumor from benign tumor.

Sensitivity Specificity AUC Accuracy PPV NPV

Combined qualitative 97.2% (85.5-99.9%)  93.3% (77.9-99.2%)  0.953 (0.870-0.990)  95.5% (87.3-99.1%)  94.6% (82.1-98.5%)  96.6% (80.2-99.5%)
and quantitative

analysis

Area alone (Cutoff 75.0% (57.8-87.9%) 70.0% (50.6-85.3%) 0.725 (0.601-0.828) 72.7% (60.4-83.0%) 75.0% (62.7-84.2%) 70.0% (55.8-81.1%)
value = 1,302.2)

Using A1/A2 alone 83.3% (67.2-93.6%) 83.3% (65.3-94.4%) 0.833 (0.721-0.914) 83.3% (72.1-91.4%) 85.7% (72.7-93.1%) 80.6% (66.4-89.8%)
(Cutoff value = 1.00)

Using A1/A2 alone 80.6% (64.0-91.8%) 96.7% (82. 8-99.9%) 0.886 (0.784-0.951) 87.9% (77.5-94.6%) 96.7% (80.7-99.5%) 80.7% (68.0-89.0%)
(Cutoff value = 1.28)

AUG, the area under the receiver operating characteristic curve; NPV, negative predictive value; PPV, positive predictive value.

using CE to identify cardiac masses (12, 17, 23, 26, 27, 39— 043 vs. 0.65 = 0.17, P < 0.01) (12). Mao et al. have
41). Five of these studies have provided the evidence for the revealed that A1/A2 >1 had a high diagnostic accuracy in
indispensable differential diagnostic value of A1/A2 (12, 26, differentiation of a benign mass from a malignant metastatic
27, 38, 40). Xia et al. have found a significant difference tumor in a cohort study (27). Furthermore, A1/A2 >1 was a
in A1/A2 between malignant and benign tumors (1.34 =+ significant and independent predictor of future death in patients
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Kaplan-Meier survival curve for patients in this study.

with cardiac masses and a history of extracardiac malignant
tumors (27).

Differentiation between cardiac tumors
and thrombi

The present study found that CE had an excellent accuracy
in the diagnosis of intracardiac thrombi. Setting A1/A2 with
a cutoff value of 1 had a 91.7% specificity and nearly 100%
sensitivity when diagnosing a thrombus. Interestingly, the
A1/A2 value for most thrombi was around zero. However,
three cases had a much higher A1/A2 (1.91, 2.12, and 1.85,
respectively), likely because these three cases were fresh thrombi.
The loose texture of a fresh thrombus and the ability of
the ultrasound-enhancing agents to enter from the periphery
at the beginning of CE result in a higher A1/A2, which is
consistent with a previous study (19). Conversely, the texture
of an old thrombus is dense, and the microbubbles of the
ultrasound-enhancing agents cannot enter, resulting in A1/A2
values close to zero. Differentiation of a fresh thrombus
from an old thrombus has important clinical value: a fresh
thrombus is easier to remove than an old one (42). A fresh
thrombus is also less fixed to the left ventricular wall and
more fragile because of its collagen-poor organization (43).
The risk of fresh thrombus shedding should be evaluated with
great care.

Another perfusion phenomenon was demonstrated by
Uenishi et al. (23). They found that ultrasound-enhancing agents
often do not enter the interior of the thrombus (81.8%, 27/33)
or only stay at its periphery (12.1%, 4/33). The ultrasound
enhancing agents usually perfuse the periphery of the cardiac
tumor (44.7%, 21/47) or even the entire tumor (48.9%, 23/47).
The perfusion patterns identified in the present study and the
findings by Uenishi et al. require more samples to confirm in the
future (23).
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Differentiation between cardiac tumors
and thrombi

The present study combined CE quantitative parameters
with qualitative echocardiographic assessment to improve the
diagnostic accuracy of cardiac tumors compared to our previous
study (26). The resulting accuracy was comparable to that of
CMR (accuracy = 98.4%) (34).

CE can improve the image quality and assess the blood
supply inside the tumor. Benign tumors often have sparse blood
supply, while malignant tumors have rich blood supply (44, 45).
Previous studies have usually used 1.0 as the cutoff value for
A1/A2 to differentiate malignant tumors from benign tumors
(26, 38, 40). However, benign tumors may have an A1/A2 which
is close to or slightly more than 1 [1.32 in a hemangioma (38),
1.08 in a rhabdomyoma, 0.84 in a fibroma, 0.92 in a hemangioma
(40), and 1.06-1.15 in myxomas (26)]. Some malignant tumors
containing necrotic tissue result in an A1/A2 of <1 [3.6%, 2/55
in Mao et al. (27)]. The present results revealed that 1.28 is better
than 1 as the cutoff value for A1/A2 to differentiate malignant
tumors from benign tumors. For less experienced radiologists,
only using A1/A2 with a cutoff value of 1.28 would achieve a
good diagnostic result. The tumor area/size is also helpful during
differentiation, which is consistent with a previous study (35).

The strengths of the present study include the novelty of the
diagnostic approach to differentiate cardiac masses, prospective
study design, and relatively large sample size. Simple, quick,
highly repeatable quantitative parameter (A1/A2) is of great help
for clinical diagnosis, especially for radiologists who do not have
much experience in diagnosing cardiac masses using TTE. The
proposed diagnostic flow for cardiac tumors using CE is shown
in Figure 4.

Other modalities

TEE can also be useful in the diagnosis of cardiac masses.
Several previous studies have shown that the use of ultrasound-
enhancing agents can increase the diagnostic accuracy of cardiac
thrombi in a TEE exam for atrial fibrillation patients (46—
48). Xia et al. have found that the combination of TEE and
CE was feasible for the detection of suspected cardiac masses
with an accuracy of 97.8-100%, especially in diagnosing and
differentiating between benign and malignant lesions (12).

Cardiac CT may offer an alternative to CMR, especially
when other imaging modalities are non-diagnostic or
contraindicated (9, 49). Compared to other cardiac imaging
modalities, cardiac CT is optimal for the evaluation of calcified
masses (9, 49). Disadvantages of cardiac CT include radiation
exposure, low risk of contrast-induced nephropathy, and
limited soft tissue and temporal resolutions compared to
magnetic resonance imaging (9). Several studies have revealed
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identified the cardiac mass (red arrow).

Proposed diagnostic flow of cardiac tumors using contrast echocardiography. Transthoracic echocardiography and contrast echocardiography

that cardiac CT can differentiate between cardiac tumors and
thrombi (50-53). A prospective study with a large sample is
needed to confirm this finding.

Limitations

The present study had several limitations. First, the study
only included 36 patients with a thrombus and 66 patients with
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a cardiac tumor. The incidence of primary malignant cardiac
tumor is extremely low. Only three cases were included in the
study. Therefore, the limited spectrum of the cardiac tumor
represents a limitation. Second, the participating hospitals in
this study were tertiary. Intracardiac thrombus with a well-
demarcated boundary, broad base, and low echocardiographic
suspicion is usually treated at secondary hospitals instead of
transferring to our hospitals. Therefore, most thrombi in the
present study were atypical and without a broad base. Third, due

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1011560
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Li et al.

to the low number of pseudomass cases in the study, more cases
need to be included in future analyses. Finally, the recruitment
period for patients was short. Long-term follow-up may be
needed to determine whether A1/A2 can predict the prognosis
for patients with cardiac tumors. Fourth, the study analysis did
not explore the diagnostic performance of CE performed by less
experienced radiologists (54). The experience with CE may be an
underlying confounder in this study.

Conclusion

In summary, CE has the potential to accurately differentiate
cardiac masses by combining qualitative and quantitative
analyses. However, more studies with a large sample size should
be conducted to further confirm the present study findings.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary material, further inquiries
can be directed to the corresponding author/s.

Ethics statement

The studies involving human participants were reviewed
and approved by the Ethics Committee of Shengjing Hospital
of China Medical University. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin. Written informed consent was obtained
from the individual(s), and minor(s)’ legal guardian/next of kin,
for the publication of any potentially identifiable images or data
included in this article.

References

1. Basso C, Rizzo S, Valente M, Thiene G. Cardiac masses and tumours. Heart.
(2016) 102:1230-45. doi: 10.1136/heartjnl-2014-306364

2. Aggeli C, Dimitroglou Y, Raftopoulos L, Sarri G, Mavrogeni S, Wong J, et al.
Cardiac masses: the role of cardiovascular imaging in the differential diagnosis.
Diagnostics. (2020) 10:1088. doi: 10.3390/diagnostics10121088

3. Melo MD, Paiva MG, Santos MV, Rochitte CE, Moreira VD, Saleh MH,
et al. Brazilian position statement on the use of multimodality imaging in cardio-
oncology - 2021. Arq Bras Cardiol. (2021) 117:845-909.

4. Basso C, Rizzo S, Valente M, Thiene G. Prevalence and pathology of primary
cardiac tumours. TIC. (2012) 6:8.

5. Maleszewski JJ, Anavekar NS, Moynihan TJ, Klarich KW. Pathology,
imaging, and treatment of cardiac tumours. Nat Rev Cardiol. (2017) 14:536-
49. doi: 10.1038/nrcardio.2017.47

6. Burke A, Tavora F. The 2015 WHO classification of tumors of the heart and
pericardium. J Thorac Oncol. (2016) 11:441-52. doi: 10.1016/j.jtho.2015.11.009

7. Nomoto N, Tani T, Konda T, Kim K, Kitai T, Ota M, et al. Primary
and metastatic cardiac tumors: echocardiographic diagnosis, treatment and
prognosis in a 15-years single center study. J Cardiothorac Surg. (2017)
12:103. doi: 10.1186/s13019-017-0672-7

Frontiers in Cardiovascular Medicine

11

10.3389/fcvm.2022.1011560

Author contributions

All authors listed have made a substantial, direct,
and intellectual contribution to the work and approved it
for publication.

Funding

This study has received funding by the New Medical
Technology Project of Shengjing Hospital (2017-029).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.1011560/full#supplementary-material

8. Joshi M, Kumar S, Noshirwani A, Harky A. The current management of
cardiac tumours: a comprehensive literature review. Braz J Cardiovasc Surg. (2020)
35:770-80. doi: 10.21470/1678-9741-2019-0199

9. Tyebally S, Chen D, Bhattacharyya S, Mughrabi A, Hussain Z, Manisty C, et al.
Cardiac tumors: JACC cardiooncology state-of-the-art review. JACC CardioOncol.
(2020) 2:293-311. doi: 10.1016/j.jaccao.2020.05.009

10. Patel R, Lim RP, Saric M, Nayar A, Babb J, Ettel M, et al. Diagnostic
performance of cardiac magnetic resonance imaging and echocardiography in
evaluation of cardiac and paracardiac masses. Am | Cardiol. (2016) 117:135-
40. doi: 10.1016/j.amjcard.2015.10.014

11. Meng Q, Lai H, Lima J, Tong W, Qian Y, Lai S. Echocardiographic and
pathologic characteristics of primary cardiac tumors: a study of 149 cases. Int |
Cardiol. (2002) 84:69-75. doi: 10.1016/S0167-5273(02)00136-5

12. Xia H, Gan L, Jiang Y, Tang Q, Zhang P, Tang X, et al. Use of transesophageal
echocardiography and contrast echocardiography in the evaluation of cardiac
masses. Int ] Cardiol. (2017) 236:466-72. doi: 10.1016/j.jjcard.2017.01.073

13. Porter TR, Mulvagh SL, Abdelmoneim SS, Becher H, Belcik JT, Bierig M, et al.
Clinical applications of ultrasonic enhancing agents in echocardiography: 2018
american society of echocardiography guidelines update. ] Am Soc Echocardiogr.
(2018) 31:241-74. doi: 10.1016/j.ech0.2017.11.013

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1011560
https://www.frontiersin.org/articles/10.3389/fcvm.2022.1011560/full#supplementary-material
https://doi.org/10.1136/heartjnl-2014-306364
https://doi.org/10.3390/diagnostics10121088
https://doi.org/10.1038/nrcardio.2017.47
https://doi.org/10.1016/j.jtho.2015.11.009
https://doi.org/10.1186/s13019-017-0672-7
https://doi.org/10.21470/1678-9741-2019-0199
https://doi.org/10.1016/j.jaccao.2020.05.009
https://doi.org/10.1016/j.amjcard.2015.10.014
https://doi.org/10.1016/S0167-5273(02)00136-5
https://doi.org/10.1016/j.ijcard.2017.01.073
https://doi.org/10.1016/j.echo.2017.11.013
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Li et al.

14. Gaibazzi N, Giumelli C, Martella EM, Passeri G. Contrast-echocardiography
for the differential diagnosis of atrial masses. Eur Heart J. (2013)
34:1957. doi: 10.1093/eurheartj/eht091

15. Bhattacharyya S, Khattar R, Senior R. Characterisation of intra-cardiac
masses by myocardial contrast echocardiography. Int J Cardiol. (2013) 163:e11-
3. doi: 10.1016/j.ijcard.2012.06.098

16. Abdelmoneim SS, Pellikka PA, Mulvagh SL. Contrast echocardiography
for assessment of left ventricular thrombi. J Ultrasound Med. (2014) 33:1337-
44. doi: 10.7863/ultra.33.8.1337

17. Barchitta A, Basso C, Piovesana PG, Antonini-Canterin F, Ruzza L, Bianchi A,
et al. Opacification patterns of cardiac masses using low-mechanical index contrast
echocardiography: comparison with histopathological findings. Cardiovasc Pathol.
(2017) 30:72-7. doi: 10.1016/j.carpath.2017.06.006

18. Yin LX, Ma CY, Wang S, Wang YH, Meng PP, Pan XE et al.
Reference values of carotid ultrafast pulse-wave velocity: a prospective,
multicenter, population-based study. ] Am Soc Echocardiogr. (2021) 34:629-
41. doi: 10.1016/j.ech0.2021.01.003

19. Li Y, Wang X, Ren W, Xiao Y, Yu X, Tan X. Cardiac thrombotic
stability determined by contrast-enhanced echocardiography: investigative
protocol and preliminary results. BMC Cardiovasc Disord. (2021)
21:267. doi: 10.1186/s12872-021-02085-4

20. Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka PA,
et al. Recommendations for chamber quantification. Eur J Echocardiogr. (2006)
7:79-108. doi: 10.1016/j.euje.2005.12.014

21. Senior R, Becher H, Monaghan M, Agati L, Zamorano ], Vanoverschelde
JL, et al. Clinical practice of contrast echocardiography: recommendation by the
European Association of Cardiovascular Imaging (EACVI) 2017. Eur Heart ]
Cardiovasc Imaging. (2017) 18:1205-1205af. doi: 10.1093/ehjci/jex182

22. Park SB, Kang DH, Choi CW, Kim HW, Kim §J. Clinical outcomes
of ligation-assisted endoscopic resection for duodenal neuroendocrine tumors.
Medicine. (2018) 97:0533. doi: 10.1097/MD.0000000000010533

23. Uenishi EK, Caldas MA, Tsutsui JM, Abduch MC, Sbano
JC, Kalil Filho R, et al. Evaluation of cardiac masses by real-time
perfusion  imaging echocardiography. Cardiovasc  Ultrasound.  (2015)
13:23. doi: 10.1186/s12947-015-0018-3

24. Pazos-Lopez P, Pozo E, Siqueira ME, Garcia-Lunar I, Cham M, Jacobi A, et al.
Value of CMR for the differential diagnosis of cardiac masses. JACC Cardiovasc
Imag. (2014) 7:896-905. doi: 10.1016/j.jcmg.2014.05.009

25. Wiencek JG, Feinstein SB, Walker R, Aronson S. Pitfalls in quantitative
contrast echocardiography: the steps to quantitation of perfusion. ] Am Soc
Echocardiogr. (1993) 6:395-416. doi: 10.1016/S0894-7317(14)80239-3

26. Wang X, Li Y, Ren W, Yu X, Tan X. Clinical diagnostic value of contrast-
enhanced ultrasonography in the diagnosis of cardiac masses: A pilot study.
Echocardiography. (2020) 37:231-8. doi: 10.1111/echo.14597

27. Mao YH, Deng YB, Liu YN, Wei X, Bi XJ, Tang QY, et al. Contrast
echocardiographic perfusion imaging in clinical decision-making for cardiac
masses in patients with a history of extracardiac malignant tumor. JACC Cardiovasc
Imaging. (2019) 12:754-6. doi: 10.1016/}.jcmg.2018.08.033

28. Poterucha TJ, Kochav J, O’Connor DS, Rosner GF. Cardiac tumors: clinical
presentation, diagnosis, and management. Curr Treat Options Oncol. (2019)
20:66. doi: 10.1007/s11864-019-0662-1

29. Stratton JR, Lighty GW, Pearlman AS, Ritchie JL. Detection of left ventricular
thrombus by two-dimensional echocardiography: sensitivity, specificity, and
causes of uncertainty. Circulation. (1982) 66:156-66. doi: 10.1161/01.CIR.66.1.156

30. Giusca S, Mereles D, Ochs A, Buss S, Andre F, Seitz S, et al. Incremental
value of cardiac magnetic resonance for the evaluation of cardiac tumors in adults:
experience of a high volume tertiary cardiology centre. Int ] Cardiovasc Imaging.
(2017) 33:879-88. doi: 10.1007/s10554-017-1065-7

31. Caspar T, El Ghannudi S, Ohana M, Labani A, Lawson A, Ohlmann P,
et al. Magnetic resonance evaluation of cardiac thrombi and masses by T1 and
T2 mapping: an observational study. Int J Cardiovasc Imaging. (2017) 33:551—
9. doi: 10.1007/s10554-016-1034-6

32. Mousavi N, Cheezum MK, Aghayev A, Padera R, Vita T, Steigner M,
et al. Assessment of cardiac masses by cardiac magnetic resonance imaging:
histological correlation and clinical outcomes. | Am Heart Assoc. (2019)
8:€007829. doi: 10.1161/JAHA.117.007829

33. Beroukhim RS, Ghelani S, Ashwath R, Balasubramanian S, Biko DM, Buddhe
S, et al. Accuracy of cardiac magnetic resonance imaging diagnosis of pediatric
cardiac masses: a multicenter study. JACC Cardiovasc Imaging. (2021) 15:1391-
405. doi: 10.1016/j.jcmg.2021.07.010

34. Shenoy C, Grizzard JD, Shah DJ, Kassi M, Reardon M]J, Zagurovskaya
M, et al. Cardiovascular magnetic resonance imaging in suspected
cardiac tumour: a multicentre outcomes study. Eur Heart J. (2021)
43:71-80. doi: 10.1093/eurheartj/ehab635

Frontiers in Cardiovascular Medicine

12

10.3389/fcvm.2022.1011560

35. Kassi M, Polsani V, Schutt RC, Wong S, Nabi E Reardon M]J,
et al. Differentiating benign from malignant cardiac tumors with cardiac
magnetic resonance imaging. J Thorac Cardiovasc Surg. (2019) 157:1912-
22.e2. doi: 10.1016/].jtcvs.2018.09.057

36. Yue P, Xu Z, Wan K, Xie X, Ji S, Sun J, et al. Differential and prognostic value
of cardiovascular magnetic resonance derived scoring algorithm in cardiac tumors.
Int ] Cardiol. (2021) 331:281-8. doi: 10.1016/j.ijcard.2021.01.068

37. J.R. Lindner. Contrast echocardiography: current status and future
directions. Heart. (2021) 107:18-24. doi: 10.1136/heartjnl-2020-316662

38. Kirkpatrick JN, Wong T, Bednarz JE, Spencer KT, Sugeng L,
Ward RP, et al. Differential diagnosis of cardiac masses using contrast

echocardiographic  perfusion imaging. J Am Coll Cardiol. (2004)
43:1412-9. doi: 10.1016/j.jacc.2003.09.065

39. Mansencal N, Revault-d’Allonnes L, Pelage JP, Farcot JC,
Lacombe P, Dubourg O. Usefulness of contrast echocardiography
for assessment of intracardiac masses. Arch Cardiovasc Dis. (2009)

102:177-83. doi: 10.1016/j.acvd.2008.12.007

40. Tang QY, Guo LD, Wang WX, Zhou W, Liu YN, Liu HY, et al. Usefulness
of contrast perfusion echocardiography for differential diagnosis of cardiac
masses. Ultrasound Med Biol. (2015) 41:2382-90. doi: 10.1016/j.ultrasmedbio.2015.
05.010

41. Ren M, Huang L, Ye X, Xv Z, Ouyang C, Han Z. Evaluation of
Cardiac Space-Occupying Lesions by Myocardial Contrast Echocardiography
and  Transesophageal  Echocardiography. ]  Healthc  Eng.  (2022)
2022:2066033. doi: 10.1155/2022/2066033

42. Niemann M, Gaudron PD, Bijnens B, Stork S, Beer M, Hillenbrand

H, et al. Differentiation between fresh and old left ventricular
thrombi by deformation imaging. Circ Cardiovasc Imaging. (2012)
5:667-75. doi: 10.1161/CIRCIMAGING.112.974964

43. Brass LE Newman DK, Wannemacher KM, Zhu L, Stalker TJ.
Signal transduction during platelet plug formation. Platelets. (2013) 2:319-
46. doi: 10.1016/B978-012369367-9/50778-3

44. Taqui S, Ferencik M, Davidson BP, Belcik JT, Moccetti F, Layoun M, et al.
Coronary microvascular dysfunction by myocardial contrast echocardiography in
nonelderly patients referred for computed tomographic coronary angiography. J
Am Soc Echocardiogr. (2019) 32:817-25. doi: 10.1016/j.ech0.2019.03.001

45. Lee DZJ, Chan RH, Montazeri M, Hoss S, Adler A, Nguyen ET, et al.
Left ventricular apical aneurysms in hypertrophic cardiomyopathy: equivalent
detection by magnetic resonance imaging and contrast echocardiography. J Am
Soc Echocardiogr. (2021) 34:1262-72. doi: 10.1016/j.ech0.2021.07.015

46. von der Recke G, Schmidt H, Illien S, Liideritz B, Omran H. Use of
transesophageal contrast echocardiography for excluding left atrial appendage
thrombi in patients with atrial fibrillation before cardioversion. ] Am Soc
Echocardiogr. (2002) 15:1256-61. doi: 10.1067/mje.2002.123961

47. Jung PH, Mueller M, Schuhmann C, Eickhoff M, Schneider P, Seemueller G,
et al. Contrast enhanced transesophageal echocardiography in patients with atrial
fibrillation referred to electrical cardioversion improves atrial thrombus detection
and may reduce associated thromboembolic events. Cardiovasc Ultrasound. (2013)
11:1. doi: 10.1186/1476-7120-11-1

48. Ebelt H, Ofthaus A, Wiora M, Roehl P, Schwenzky A, Weida
A, et al. Impact of ultrasound contrast agent on the detection of
thrombi during transoesophageal echocardiography. Open Heart. (2019)
6:¢001024. doi: 10.1136/openhrt-2019-001024

49. Kassop D, Donovan MS, Cheezum MK, Nguyen BT, Gambill NB, Blankstein
R, et al. Cardiac masses on cardiac CT: a review. Curr Cardiovasc Imaging Rep.
(2014) 7:9281. doi: 10.1007/s12410-014-9281-1

50. Hong YJ, Hur J, Kim YJ, Lee HJ, Hong SR, Suh YJ, et al. Dual-energy cardiac
computed tomography for differentiating cardiac myxoma from thrombus. Int |
Cardiovasc Imaging. (2014) 30:121-8. doi: 10.1007/s10554-014-0490-0

51. Hong YJ, Hur J, Han K, Im DJ, Suh Y], Lee HJ, et al. Quantitative analysis of a
whole cardiac mass using dual-energy computed tomography: comparison with
conventional computed tomography and magnetic resonance imaging. Sci Rep.
(2018) 8:15334. doi: 10.1038/541598-018-33635-0

52. Qian WL, Jiang Y, Liu X, Guo YK, Li Y, Tang X, et al. Distinguishing cardiac
myxomas from cardiac thrombi by a radiomics signature based on cardiovascular
contrast-enhanced computed tomography images. BMC Cardiovasc Disord. (2021)
21:152. doi: 10.1186/s12872-021-01961-3

53. Lee JW, Park CH, Im DJ, Lee KH, Kim TH, Han K, et al. CT-based radiomics
signature for differentiation between cardiac tumors and a thrombi: a retrospective,
multicenter study. Sci Rep. (2022) 12:8173. doi: 10.1038/s41598-022-12229-x

54. Wei Q, Yan Y], Wu GG, Ye XR, Jiang F Liu J, et al. The diagnostic
performance of ultrasound computer-aided diagnosis system for distinguishing
breast masses: a prospective multicenter study. Eur Radiol. (2022) 32:4046—
55. doi: 10.1007/s00330-021-08452-1

frontiersin.org


https://doi.org/10.3389/fcvm.2022.1011560
https://doi.org/10.1093/eurheartj/eht091
https://doi.org/10.1016/j.ijcard.2012.06.098
https://doi.org/10.7863/ultra.33.8.1337
https://doi.org/10.1016/j.carpath.2017.06.006
https://doi.org/10.1016/j.echo.2021.01.003
https://doi.org/10.1186/s12872-021-02085-4
https://doi.org/10.1016/j.euje.2005.12.014
https://doi.org/10.1093/ehjci/jex182
https://doi.org/10.1097/MD.0000000000010533
https://doi.org/10.1186/s12947-015-0018-3
https://doi.org/10.1016/j.jcmg.2014.05.009
https://doi.org/10.1016/S0894-7317(14)80239-3
https://doi.org/10.1111/echo.14597
https://doi.org/10.1016/j.jcmg.2018.08.033
https://doi.org/10.1007/s11864-019-0662-1
https://doi.org/10.1161/01.CIR.66.1.156
https://doi.org/10.1007/s10554-017-1065-7
https://doi.org/10.1007/s10554-016-1034-6
https://doi.org/10.1161/JAHA.117.007829
https://doi.org/10.1016/j.jcmg.2021.07.010
https://doi.org/10.1093/eurheartj/ehab635
https://doi.org/10.1016/j.jtcvs.2018.09.057
https://doi.org/10.1016/j.ijcard.2021.01.068
https://doi.org/10.1136/heartjnl-2020-316662
https://doi.org/10.1016/j.jacc.2003.09.065
https://doi.org/10.1016/j.acvd.2008.12.007
https://doi.org/10.1016/j.ultrasmedbio.2015.05.010
https://doi.org/10.1155/2022/2066033
https://doi.org/10.1161/CIRCIMAGING.112.974964
https://doi.org/10.1016/B978-012369367-9/50778-3
https://doi.org/10.1016/j.echo.2019.03.001
https://doi.org/10.1016/j.echo.2021.07.015
https://doi.org/10.1067/mje.2002.123961
https://doi.org/10.1186/1476-7120-11-1
https://doi.org/10.1136/openhrt-2019-001024
https://doi.org/10.1007/s12410-014-9281-1
https://doi.org/10.1007/s10554-014-0490-0
https://doi.org/10.1038/s41598-018-33635-0
https://doi.org/10.1186/s12872-021-01961-3
https://doi.org/10.1038/s41598-022-12229-x
https://doi.org/10.1007/s00330-021-08452-1~
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	The diagnostic accuracy of contrast echocardiography in patients with suspected cardiac masses: A preliminary multicenter, cross-sectional study
	Introduction
	Materials and methods
	Study participants
	Echocardiographic image acquisition
	Contrast echocardiography protocol
	Echocardiographic image analysis
	Follow-up and validation
	Measurement variability
	Sample size calculation
	Statistical analysis

	Results
	Population characteristics
	Comparison and differentiation of cardiac tumors from thrombi
	Comparison and differentiation of malignant tumors from benign tumors
	Follow-up
	Reproducibility

	Discussion
	Differentiation between cardiac tumors and thrombi
	Differentiation between cardiac tumors and thrombi
	Other modalities
	Limitations

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


