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Rationale and Objectives: Accurate differential diagnosis is essential because cardiac tumors and thrombi have different prognoses and
therapeutic approaches. Native T1 map provides an objective T1 time quantifications of cardiac mass without the need for a contrast
agent. We examined the diagnostic performance of radiomics features for differentiating cardiac tumors from thrombi using cardiac mag-
netic resonance imaging T1 mapping technique compared to that of late gadolinium enhancement (LGE) imaging.

Materials and Methods: This retrospective study included 22 cardiac tumors and 21 thrombi of 41 patients who underwent cardiac mag-
netic resonance imaging from December 2013 to May 2018. Fifty-six radiomics features were extracted from native T1 images. The least
absolute shrinkage and selection operator method was used for feature selection and rad score extraction. The diagnostic performance
of the rad score was compared to that of the native T1 value (mean T1) and LGE ratio.

Results: The area under the receiver operating characteristic curve of the rad score was higher than that of the mean T1 and LGE ratio
(0.98 vs. 0.86 vs. 0.82, p =0.001). With the optimal cut-off value, the rad score showed sensitivity, specificity, and accuracy of 95.4%,
95.2%, and 95.2%, respectively. Combination of the rad score and mean T1 showed a significantly higher diagnostic performance than
mean T1 (p =0.019) or LGE ratio (p = 0.022).

Conclusion: The rad score derived from native T1 maps can differentiate thrombi from tumors better than the mean T1 or LGE ratio. This

is valuable for determining a treatment strategy for cardiac lesions in patients who cannot tolerate contrast agents.
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INTRODUCTION

ardiac tumors are rare, with a reported prevalence
rate of less than 1% (1—3). The treatment of choice
for cardiac tumors is surgical resection (1). Cardiac
thrombi have a prevalence higher than that of cardiac tumors
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(2,4) and require prompt anticoagulation treatment. Because
the therapeutic approaches are different depending on the
diagnosis, accurate differentiation between these two diseases is
essential (2). Although several studies have investigated meth-
ods for distinguishing cardiac tumors from thrombi using vari-
ous imaging tools, including echocardiography, cardiac
computed tomography (CT), or magnetic resonance imaging
(MRI) (5—8), differentiation remains challenging. Cardiac
MRI is a useful tool for differential diagnosis of cardiac masses
because of its good tissue characterization (2,9). Cardiac
thrombi have a similar appearance with cardiac tumors, and
the T1- and T2-weighted signals vary depending on the age of
a thrombus, making differential diagnosis difticult (10). Previ-
ous studies have used many features, such as signal intensity on
gradient echo sequence or degree of gadolinium enhancement,
both of which are influenced by the image acquisition protocol
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and the reader’s subjectivity (2,11—14). Late gadolinium
enhancement (LGE) MRI is one of the established methods
for differentiation of cardiac tumors and thrombi; however, it
requires contrast agents (15,16).

Native T1 mapping is a promising MRI technique that
allows quantitative analysis of the true relaxation time of each
voxel without a contrast agent (17). Due to these properties,
it has been evaluated as a means to characterize cardiac tumors
(18,19). Nevertheless, the differentiation of cardiac tumors
and thrombi by MRI remains arduous.

The emergence of radiomics has enabled a more objective
image analysis. It involves transforming image data into com-
puter-based, high-dimensional data. These quantitative data
can provide more information on the tissue characteristics
than visual assessment (20). Several recent studies using the
radiomics approach conducted in various cardiac diseases
revealed its potential usefulness (21—20).

Since cardiac tumors and thrombi differ in their tissue
composition, we hypothesized that radiomics features from
native T1 maps could be potentially useful tools for discrimi-
nating between cardiac tumors and thrombi. Therefore, the
purpose of this study was to investigate the diagnostic perfor-
mance of radiomics analysis using native T1 maps for distin-
guishing cardiac tumors from thrombi.

MATERIALS AND METHODS
Ethical Considerations

This retrospective study was approved by the Institutional
Review Board of our center (approval number: 4-2019-0838).
The requirement for written informed consent was waived.

Patient Selection

By review of medical and radiologic records dated from
December 2013 to May 2019, we identified 51 consecutive
patients who underwent cardiac MRI for the evaluation of a
cardiac mass. Extracardiac masses (n =5) and cardiac tumors
with dense calcification (n=1) or a lipid component (n = 4)
were excluded. Finally, 43 lesions from 41 patients were
included for analysis. These included 22 tumors from 22
patients and 21 thrombi from 19 patients. Three thrombi
were found in one patient. Tumors were diagnosed clinically
or based on pathologic reports (n=13). Clinical diagnosis
was based on the clinical information and follow-up imaging
studies (median follow-up period: 6 months, range 4—21
months) including cardiac MRI (n = 1), CT (n = 4) and echo-
cardiography (n=4). These included the following final
diagnosis: sarcoma (n =7), myxoma (n = 4), cavernous hem-
3), metastasis (n =3), papillary fibroelastoma
(n=2), paraganglioma (n=2), fibroma (n=1). Thrombi

angioma (n=

were diagnosed based on the patient’s response to anticoa-
gulation treatment. All thrombi were reduced in size (n = 6)
or had completely disappeared (n=14) on follow-up echo-
cardiography. One thrombus was pathologically confirmed.
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Cardiac MRI Protocol

MRI was performed on a 3.0-T scanner (Magnetom Trio
Tim; Siemens AG Healthcare Sector, Erlangen, Germany)
with a six-element body matrix coil and a spine matrix coil
array. Native T1 mapping was performed using a modified
Look-Locker inversion-recovery sequence with 5(3)3 proto-
col at end-expiration in a plane covering the largest diameter
of the cardiac mass. We employed the nonselective inversion
pulse True FISP single-shot readout sequence in the mid-dia-
stolic phase, with the following parameters: field of view,
306 x 360 mm; acquisition matrix, 144 x 256; slice thick-
ness, 8 mm; TR, 2.24 ms; TE, 1.12 ms; minimum inversion
time, 100 ms; inversion time increment, 80 ms; flip angle,
35°; parallel acquisition technique factor, 2; number of inver-
sions, 3. Five images were acquired after the first inversion;
following a pause for three heart beats, three images were
acquired after the second inversion. Fully automated non-
rigid motion correction was applied to register the individual
TI images before inline T1 fitting was performed using a
monoexponential three-parameter fit. LGE MRI was per-
formed 10 min (mean =+ standard deviation: 9.68 £ 2.21
min) after contrast agent injection (0.2 mmol/kg; Dotarem;
Guerbet, Villepinte, France) using a magnitude- and phase-
sensitive inversion recovery—prepared True FISP sequence
(typical TR/TE, 5.83/3.24 ms; flip angle, 15°; slice thickness,
8 mm; field of view, 380 mm; matrix, 320 x 320 pixels;
number of signal average, 2).

Lesions Characteristics and Quantitative Image Analysis

Two radiologists (Y.J.H., J.W.S.) with 12 and 3 years of
experience in cardiac MR, respectively, were blinded to the
final pathological results and reviewed all images. They
recorded the number, size, and location of all masses observed
on the MR images by consensus. For quantitative analysis of
the T1 map images, regions of interest (ROIs) covering the
entire cardiac mass were drawn manually by one radiologist
(J.W.S.) and confirmed by the other radiologist (Y.J.H.).
Figure 1 shows examples of segmentation. For quantitative
analysis of the LGE images, the ROIs covering the cardiac
masses and normal myocardium on the representative magni-
tude image covered the largest diameter of the lesion. The
mean signal intensity of the normal myocardium and cardiac
lesions was recorded. The signal intensity ratios (LGE ratios)
were calculated as follows (15):

LGE ratio = Signal intensity of lesion/Signal intensity of
myocardium

Radiomics Feature Extraction

Radiomics feature extraction from the T1 map images was
performed using commercial software (AVIEW; Coreline
Soft, Seoul, Republic of Korea) based on the segmented
ROIs on the T1 maps. In the feature extraction, the value
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range was set to 0—3000 and the bins value to 128. A total
of 56 radiomics features were obtained: 10 histogram, 6
percentile, 2 gradient, 13 gray-level co-occurrence matrix,
13 gray-level run length matrix, two moment, one fractal,
and nine shape features. The specific features contained in
each class are described in Supplementary Table E1. The
extracted radiomics features of each lesion were recorded.
The same measurement was repeated after 3 weeks, and
intraobserver reproducibility for radiomics features was
assessed.

We additionally drew an ROI on a focal area of the ven-
tricular septum to validate the reproducibility of the radio-
extraction (27). The minimum,
maximum and standard deviation of the native T1 values

mics feature mean,
measured from the same area were compared to the first-
order statistics obtained by radiomics feature extraction.

Radiomics Feature Selection and Rad Score Extraction

The least absolute shrinkage and selection operator approach
was used to select the significant radiomics features and to
build a classification model. Ten-fold cross-validation with
100 repetitions was performed. Feature selection was made
based on the relative standard deviation of each feature’s coef-
ficients. Each coefficient was an average value of 100 repeti-
tions. The selected features were extracted, and their linear
combination formed the rad score of each lesion. Feature
selection and modelling were performed using R software
(version 3.5.1;R foundation, Vienna, Austria) and “glmnet”
package (version 2.0-16) (28).

Figure 1. Segmentation example. (a) Images
obtained from a 56-year-old woman with no
other relevant history. The lesion was located
in the right atrium and had a diameter of
17 x 15 mm. The patient underwent surgery
for cardiac mass excision. The lesion was
pathologically confirmed as a cavernous hem-
angioma. (b) Images obtained from a 50-year-
old man with a history of dilated cardiomyopa-
thy and arrhythmia. The lesion was located in
the left ventricle and had a diameter of
14 x 11 mm. The lesion completely disap-
peared on the follow-up echocardiography
after 1 month.

Statistical Analysis

Categorical variables were compared using Pearson's chi-square
test or Fisher's exact test. Continuous variables were compared
using Mann-Whitney’s U test. Optimal cut-oft values for rad
score, mean T1, and LGE ratio were determined using You-
den's index (29). Diagnostic performances were evaluated based
on the receiver operating characteristic (ROC) curves and areas
under the ROC curve (AUCs) using the bootstrap method.
The comparisons between ROC curves were performed using
the bootstrap method. All bootstrap methods used 1000-time
resampling. Intraobserver reproducibility was assessed by intra-
class correlation coefticients (ICCs), and features with low repro-
ducibility (ICC <0.75) were excluded from analysis (23). The
reproducibility of radiomics feature extraction was evaluated by
Lin’s concordance correlation coefficients. A two-sided
p < 0.05 was considered to indicate a statistically significant dif-
ference. All statistical analyses were performed using R software
(version 3.6; R Foundation for Statistical Computing).

RESULTS
Patients’ and Lesions’ Characteristics

Figure 2 shows the flow of the patient selection process and
Table 1 shows the patients’ characteristics. Age was signifi-
cantly higher in the tumor group (p < 0.001). The location
of the lesions also showed a significant difference (p < 0.001).
Of the 22 tumors, seven were located in the left atrium, three
in the left ventricle, three in the right ventricular outflow
tract, five in the right atrium, and four in the right ventricle.
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Patients with cardiac MRI (n=51)

for the evaluation of cardiac mass

Exclusion

¢ Lipid (n=4)

¢ Extracardiac mass (n=5)
¢ Calcification (n=1)

Enrolled patients (n=41)

v y

21 thrombi from 22 tumors from :
19 patients 22 patients

.

.

.

Sarcoma (n=7)
Myxoma (n=4)
Cavernous
hemangioma (n=3)
Metastasis (n=3)
Papillary
fibroelastoma (n=2)
Paraganglioma (n=2) ) i X
Fibroma (n=1) Figure 2. The flow diagram of the patient
selection process.

Of the 21 thrombi, 18 were located in the left ventricle, two
in the right atrium, and one in the right ventricle. Lesions
were significantly larger in the tumor group (p < 0.001).
Thrombi were classified as either protruding (the free mar-
gin of the lesion was concave following the curvature of the
endocardial surface) or mural (the free margin was convex in

TABLE 1. Patients’ Characteristics

Patients’ Characteristics

relation to the adjacent endocardium) based on their shape
(30). Of the total 21 thrombi, 17 (81 %) were protruding,
and 4 (19 %) were murals. Thrombi were also classified
according to the onset of symptoms as recent (less than 1
month) and old (more than 1 month) (19,31). Seventeen
thrombi (81 %) were recent and four (19 %) were old.

Tumor (n = 22) Thrombus (n=19) p Value
Sex M=12,F=10 M=15F=4 0.128
Age; mean + SD (range) 63.0 + 11.8 (30—-78) 50.6 +13.9 (21-75) <0.001
DM 3 5 0.457
HTN 10 4 0.104
Smoking 6 9 0.452
Hyperlipidaemia 4 1 0.345
Prior CVA/TIA 1 3 0.345
Heart disease* 4 9 0.063
Arrhythmia 2 3 0.664
Lesion characteristics

Tumor (n =22) Thrombus (n =21) p Value
Location 7 LA,3LV,3RVOT,5RA, 4RV 18LV,2RA, 1RV <0.001
Size (long); mean + SD (mm) 38.1 +19.0 20.6 +9.6 <0.001
Size (short); mean + SD (mm) 28.3+15.7 10.7 + 3.8 <0.001
Classification of thrombi 17 protruding, 4 mural
Age of thrombi 17 recent, 4 old

CVA, cerebrovascular accident; DM, diabetes mellitus; HTN, hypertension; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventri-
cle; RVOT, right ventricular outflow tract; SD, standard deviation; TIA, transient ischaemic attack.

Patients’ age and lesion size are presented as the mean value + standard deviation with the minimum and maximum values in parentheses.
p values were calculated using Mann-Whitney’s U test for continuous data and Pearson's chi-square test or Fisher’s exact test for categorical data.

* 1 with aortic regurgitation and 3 with coronary artery disease in the tumor group, 4 with dilated cardiomyopathy, 1 with hypertrophic cardio-
myopathy, and 4 with coronary artery disease in the thrombus group.**The final diagnoses of the tumors were as follows: 7 sarcomas, 3 cav-
ernous haemangiomas, 3 metastases, 1 fibroma, 4 myxomas, 2 papillary fibroelastomas, and 2 paragangliomas.
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Figure 3. Box-and-whisker plots showing the tumor and thrombus (a) rad score, (b) mean T1, and (c) late gadolinium enhancement ratio. The
center line in each box represents the median. The lower and upper limits of each box represent the 25th and 75th percentile, respectively.
Whiskers extend to the most extreme observations within the 25th and 75th percentiles + 1.5 x interquartile range. Observations outside the

whiskers are shown as dots.

Reproducibility of Radiomics Data Acquisition

The first-order radiomics features extracted from an ROI on
the interventricular septum were compared to native T1
value measurements from the same region. The Lin's concor-
dance correlation coefficients of mean, minimum, maximum,
and standard deviation were 0.994, 0.992, 0.986, and 0.997,
respectively, which indicates substantial to almost perfect
agreement (32).

Mean T1 and LGE Ratio

Tumors had significantly higher mean T1 values and LGE
ratios than did thrombi (1843.8 & 493.0 vs. 1246.2 £ 364.3,
p < 0.001 and 7.1 &= 7.4 vs. 2.0 £ 1.0, p < 0.001, respec-
tively). Figure 3 shows the distribution of mean T1 values
and LGE ratios of the tumors and thrombi.

Radiomics Feature Selection and Rad Score Extraction

Seven of the 56 features were excluded due to a lack of intra-
observer reproducibility (ICC < 0.75). The excluded features
were excess-kurtosis, skewness, and five gray-level run length
matrix features (gray-level nonuniformity, high gray-level run
emphasis, run length nonuniformity, short run emphasis, and
short run high gray-level emphasis). Finally, 49 features were
included in the analysis. Based on the least absolute shrinkage
and selection operator method, 6 of the 49 features were
selected as follows: (1) orthogonal axis, (2) max, (3) roundness,
(4) percentile_10, (5) fractal dimension, and (6) percentile_25.
The rad score was calculated with the following equation:

Rad score = -21.02 + 0.13 X orthogonal axis +0.002 x
max + 6.34 x roundness + 0.001 x percentile_10 + 1.89
x fractal dimension + 0.001 x percentile_25

Figure 3 shows the rad score distribution. There was a sig-
nificant difference in the rad score between thrombi and
tumors (p < 0.001).

Diagnostic Performances of the Rad Score, Mean T1,
and LGE Ratio

The diagnostic performances of the rad score, mean T1, LGE
ratio, and their combinations are summarised in Table 2.
Comparisons of the ROC curves of these models are shown
in Figure 4. The rad score demonstrated excellent diagnostic
performance with an AUC of 0.98. With a cut-oft value of
—6.5, it demonstrated sensitivity, specificity, and diagnostic
accuracy of 95.4%, 95.2%, and 95.4%, respectively. The
mean T1 demonstrated a lower diagnostic performance
(AUC: 0.86) than that of the rad score. With a cut-off value
of 1540.3 ms, it showed sensitivity, specificity, and accuracy
of 81.8%, 81.0%, and 81.4%, respectively. The LGE ratio also
demonstrated a lower diagnostic performance than that of the
rad score (AUC: 0.82). With a cut-oft value of 3.4, it showed
sensitivity, specificity, and accuracy of 68.2%, 95.2%, and
81.4%, respectively.

The combination of rad score and mean T1 yielded an
AUC of 0.98. If the criterion is set to satisfy only one of the
cut-off values of the rad score and the mean T1, the sensitiv-
ity is 100%, specificity is 81.0%, and accuracy is 90.7%. If the
criterion is set to satisfy both cut-offs, the sensitivity is 77.3%,
specificity is 95.2%, and accuracy is 86.1%. The combination
model demonstrated a significantly higher AUC value com-
pared to those of the mean T1 (p = 0.019) or LGE ratio alone
(p =0.022).

DISCUSSION

Here, we evaluated the diagnostic performance of the rad
score derived from native T1 maps to distinguish cardiac
tumors from thrombi. The rad scores of cardiac tumors and
thrombi were significantly different. The rad score alone and
the combination model with the mean T1 demonstrated a
higher diagnostic ability than did the mean T1 or LGE ratio
alone. This small proof of concept study showed that native
T1 maps and radiomics analysis can differentiate cardiac
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TABLE 2. Cut-off Values and Diagnostic Performances of the Rad Score, Mean T1, and LGE Ratio

Cut-off Sensitivity (%) Specificity (%) Accuracy (%) AUC Comparison with
Value “Rad Score + Mean
T1” (p Value)
Individual
Rad score -6.5 95.4 (77.2,99.9) 95.2(76.2,99.9) 95.4(84.2,99.4) 0.98(0.95,1) >0.99
Mean T1 1540.3ms 81.8(59.7,94.8) 81.0(58.1,94.6) 81.4(66.6,91.6) 0.86 (0.74, 0.97) 0.019
LGE ratio 3.4 68.2 (45.1,86.1) 95.2(76.2,99.9) 81.4(66.6,91.6) 0.82(0.69, 0.95) 0.022

Combination
Rad score+meanT1  OR*
AND**

100.0 (84.6, 100)
77.3 (54.6,92.2)

81.0 (58.1, 94.6)
95.2 (76.2, 99.9)

90.7 (77.9, 97.4)
86.1(72.1,94.7)

0.98 (0.96, 1)

AUC, area under the receiver operating characteristic curve; LGE, late gadolinium enhancement.
Comparison between the two diagnostic models was made using the bootstrap method. The 95% confidence intervals are shown in

parentheses.
* Rad score > —6.5 or mean T1 > 1540.3 ms.
** Rad score > —6.5 and mean T1 > 1540.3 ms.

tumors from thrombi with high accuracy and without the use
of contrast agents.

We found six radiomics features with the best discrimina-
tion between cardiac thrombi and tumors. Of these, the
orthogonal axis, the longest distance in a straight line perpen-
dicular to the longest axis, was larger in tumors. Similarly,
roundness was higher in tumors than in thrombi. The
rounder the shape, the greater the likelihood the mass was a
tumor rather than a thrombus, which is consistent with some
previous reports (33—35). Furthermore, the maximum T1
value, percentile_10, and percentile_25 (i.e., percentile values
that correspond to the bottom 10% and 25% of the T1 value,
respectively) were higher in cardiac tumors. In the previous
study, tumors generally had a longer T1 relaxation time than
thrombi, although there was no significant difference (19).
We demonstrated that not only the mean T1, but the
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—— Mean T1 (AUC = 0.86)
— Rad score (AUC = 0.98)
— LGE ratio (AUC = 0.82)
=3 — Rad score + Mean T1 (AUC = 0.98)
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Figure 4. Comparison of the receiver operating characteristic
curve among the models. The rad score + mean T1 showed signifi-
cantly higher AUC values compared to those of the mean T1 alone
(p=0.019) or LGE ratio (p=0.022). AUC, area under the receiver
operating characteristic curve; LGE, late gadolinium enhancement.
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maximum and bottom 10% and 25% of the T'1 values are also
useful for differentiation between cardiac tumors and
thrombi. Of the thrombi included in this study, 81% were
protruding, and recent. These thrombi have a relatively
round shape and a relatively high T1 signal intensity, making
it difficult to differentiate them from tumor (19). Neverthe-
less, this study revealed that these factors differ between
thrombi and tumors with quantification by radiomics analysis.
Additionally, fractal dimension is associated with the com-
plexity and homogeneity of the structure (36). In this study,
its value was higher in the tumor than in the thrombus, indi-
cating a more complex structure in the tumor. In summary,
based on the selected radiomics features, the larger, rounder,
and more complex the lesion and the longer its T1 relaxation
time, the more likely it is a tumor rather than a thrombus.
Native T1 and T2 mapping has made great strides in the
diagnosis of myocardial disease. Several small observational
studies and case reports have analyzed cardiac tumors and
thrombi using T1 and T2 mapping. However, these studies
did not prove that cardiac tumors and thrombi can be dis-
and T2
(18,19,37,38). In our study, the mean native T1 values were

criminated with native T1 relaxation times
significantly different between tumors and thrombi, possibly
due to the composition of the tumor group. We included
only solid tumors because it is challenging to differentiate
them from thrombi (39,40). Tumors with cysts, calcification,
or lipids, which may have characteristic features on CT or
other modalities, were excluded.

Native T1 mapping has many strengths in radiomics analy-
sis. Due to variation in the signal intensity between intra-scan
or inter-scan images, signal intensity normalization should be
applied prior to quantitative texture analysis of MR images
(41). However, in T1 maps, every pixel in the map represents
the objective corresponding T1 values of cardiac masses
under the same scanning conditions (42). Thus, T1 maps do
not require complex pre-processing steps, such as normaliza-
tion or inhomogeneity correction, improving reproducibility
in radiomics analysis. Recently, it has been reported that
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radiomics analysis using native T1 or T2 maps can be useful in
the diagnosis of various cardiac diseases. Neisius et al. (21)
demonstrated the possibility of distinguishing hypertensive
heart disease from hypertrophic cardiomyopathy using a
radiomics feature obtained from a T1 map of the myocar-
dium. They showed that radiomics had a higher accuracy
than that of the global native T1 value. Baessler et al. (26)
reported that texture analysis of T1 and T2 maps had high
accuracy for diagnosing acute infarct-like myocarditis. Radio-
mics yielded better diagnostic performance than that of clini-
cal criteria or global myocardial T1 and T2 values.

LGE cardiovascular MRI has shown a higher diagnostic
value for distinguishing cardiac tumors from thrombi com-
pared to other modalities (15,16,43). However, its scope is
limited by the need for contrast agents and the delay between
contrast injection and image acquisition. Native T1 mapping
does not require contrast agents. Therefore, radiomics analysis
using native T1 maps can be an alternative to LGE MRI in
patients with chronic kidney disease, in whom gadolinium
administration should be avoided.

This study has several limitations. First, the major limita-
tion of this study is the small sample size. Hence, the radio-
mics model of this study was not verified in an independent
validation set. Due to this, the model may be overfitted to
the small population included in this study. This is an inevita-
ble limitation resulting from the rarity of cardiac tumors. To
overcome this limitation, the diagnostic performance was
evaluated using a bootstrap resampling method to secure the
validity and reproducibility of the results. This pilot study
explored the possibility of radiomics analysis using native T1
map to differentiate cardiac tumor from thrombus. However,
a further study with a larger sample size is required to validate
the present results. Second, there were inherent limitations to
the retrospective study design. Third, tumor pathology was
heterogeneous. Because cardiac tumors are rare, it was diffi-
cult to form a group with a single pathology for analysis (2).
This limits the generalizability of the present study results and
makes it difficult to apply the results to clinical practice.
Thus, a future study is warranted, based on a single tumor
pathology, to evaluate the feasibility of practical use of radio-
mics analysis in the differential diagnosis of cardiac masses.
Fourth, some tumors in this study were not pathologically
confirmed, and the diagnosis was based on a follow-up study.
Fifth, perfusion images were not included in the analysis.
Lastly, interobserver reproducibility was not evaluated.
Instead, intraobserver reproducibility was verified to secure
the reproducibility of the feature extraction.

CONCLUSIONS

Radiomics analysis using native T'1 maps can differentiate car-
diac tumors from thrombi with a higher accuracy than those
of the mean T1 or LGE ratio, without requiring contrast
agents. Hence, it may be useful for differentiating cardiac
thrombi from tumors when other imaging modalities are
inconclusive and gadolinium contrast imaging is not feasible.
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