Supplemental Material

1 Image Preprocessing and Annotation

The raw data consisted of desensitized MP4 format fetal four-chamber view
video files exported from ultrasound machines. Approximately 30 to 60 frames were
extracted from each original fetal heart video and stored in JPEG format.Six ultra-
sound physicians with 5 to 8 years of experience were involved in the annotation of
fetal four-chamber view images. Using the open-source tool Labellmg (version 2.0),
they annotated the anatomical structures (left ventricle, left atrium, right ventricle,
right atrium, apex, mitral valve, foramen ovale, interventricular septum, etc.) with the
smallest possible rectangular bounding boxes to train the model to identify the stan-
dard four-chamber heart view. Additionally, a self-developed polygonal annotation
tool was used to outline the actual boundaries of the anatomical structures to train
the model for segmenting these structures, which is essential for calculating cardiac
function parameters. During polygonal annotation, the tool provided playback and
rewind functions, allowing the annotators to view the preceding and following frames
of the annotated frame to assist in accurately identifying the boundaries of anatom-
ical structures that may shift in position within the video, ensuring the accuracy of
the annotations. After the initial annotation, two ultrasound physicians with over 10
years of experience reviewed and corrected any inaccurate bounding boxes and polyg-
onal annotations. The reviewed and approved data were then used for training and
fine-tuning the deep learning model.

2 Data Augmentation

To enhance the model’s generalization ability for complex scenarios, data augmen-
tation was implemented in offline and online parts:

For offline data augmentation, the operation includes (1) Random Scaling: Using
a base scaling ratio of 0.3, the scale distribution of the input images was dynamically
adjusted to force the model to learn robust feature representations for multi-scale
targets. (2) Random Rotation: Images were rotated within a continuous range of angles
to enhance the model’s adaptability to directional changes of the target, reducing
detection bias caused by viewpoint differences. (3) Random Contrast Adjustment: By
dynamically adjusting the difference between the bright and dark areas of the images,
the visual features under varying brightness conditions were simulated to improve the
model’s robustness to changes in image brightness.



For online data augmentation, a combination of multi-dimensional geometric
transformations and color space perturbations was applied, including (1) Geometric
Transformation Enhancement: A composite transformation involving random cropping
(30% amplitude in all directions), scaling (0.5 to 1.5 times), translation, and rotation
(—15° to +15°) was used to simulate the multi-scale spatial distribution characteris-
tics of the target in real-world scenarios. This strategy, through parametric random
perturbation, forced the model to learn the feature representations of targets from
different viewpoints and scales, alleviating overfitting caused by a single viewpoint.
(2) Color Space Perturbation Module: The RandomDistort technique was employed
to decouple multi-dimensional color features, including: non-linear perturbation in the
HSV space: hue shift (£30%), saturation adjustment (£50%), and brightness fluctua-
tion (+£30%); random permutation of RGB channels with a 0.5 probability, the order
of the three channels was swapped to break the inherent correlation of color features.
This module simulated different imaging environments to enhance the model’s detec-
tion robustness under low-contrast and color-biased conditions. (3) Target Integrity
Protection Mechanism: A two-stage adaptive sampling strategy was introduced: ran-
dom expansion with a 0.5 probability, the image was randomly expanded to 1.0 to 4.0
times its size to simulate the presence of the target in different backgrounds; target-
aware cropping when cropping resulted in a target box area loss exceeding 50%, a hard
negative sample filtering mechanism was triggered to ensure the semantic integrity of
the effective target during training, preventing the model from producing erroneous
detection results due to overconfidence.

After undergoing the above augmentation techniques, the images were resized to
a 640x640 pixel resolution while maintaining the aspect ratio for model training.

3 Model Input and Output

The AI model, upon receiving fetal four-chamber heart video input, can real-time
display the recognition and segmentation results of fetal anatomical structures in each
frame of the ultrasound image. The model outputs the measurement values of fetal
cardiac function parameters a few seconds after the video playback. The model mea-
sures each complete cardiac cycle and dynamically updates the optimal cardiac cycle’s
cardiac function parameters based on section standard and image quality assessment.

4 RT-DETR Detector

The RT-DETR real-time object detector was adopted, which utilizes an end-to-end
Transformer architecture to directly generate the final detection results of the anatom-
ical structures, eliminating the need for complex post-processing steps or traditional
NMS algorithms, thereby reducing computational complexity and increasing inference
speed. The DETR architecture retains convolutional neural network as the backbone
network (using ResNet18 as the convolutional neural network backbone) to perform
initial feature extraction on the input image, generating several two-dimensional fea-
ture maps. This step maps the image to a unified expression space and performs
downsampling to reduce computational load before feeding it into the main Trans-
former module to complete the detection task. To meet the GPU memory requirements



for Transformer training, a server with two RTX 4090 graphics cards was used for
training, with approximately 200 rounds of convergence and early termination of train-
ing after about 3 days. When a fetal four-chamber heart ultrasound image is input
into the model, the model outputs the detection boxes and structure labels for all key
structures in the section, as shown in Fig. S1.

The loss function contains two parts: (1) Classification Loss:

Leas = =S [G:log(p;) + (1 — §;)log(1 — p;)], (1)

where g; and p; denotes the ground true and predicted category, and N is the box
number. (2) Bounding Box Regression Loss:

Loow = MEi_1|beq — bl + A2 (1 = GIoU (byreas byt)), (2)

red
where bpreq and by, denote the center coordinates, width, and height of the predicted
and ground-truth box, and GIoU(-) measures the overlap between the predicted box
and the ground-truth box, addressing the issue of gradient disappearance in traditional
IoU when there is no overlap.

5 Mask-Dino Segmentation Head

To meet the stringent inference speed requirements, instead of introducing a sepa-
rate instance segmentation model, a segmentation head (designed based on the Mask
DINO architecture) was added at the end of the detection network to achieve segmen-
tation functionality. The segmentation head reuses the front-end backbone network,
adding only about 6-8 ms to the inference time to achieve high-precision real-time
detection of cardiac function. During training, the loss is calculated only for the anno-
tated four chambers, cardiac outline, and related structures (since bounding box target
detection and instance segmentation have different numbers of annotated objects),
thereby enabling joint training of the detection head and segmentation head. The
model was trained on a dual RTX 4090 server for 3 days, with approximately 200
rounds of training before termination. The segmentation results of the fetal cardiac
ultrasound images by the Al model are shown in Fig. S2.

The loss function contains two parts: (1) Segmentation Loss:

Loeg = —S{01 i [515109(pi ) + (1= §i5)log(1 — p; ;)], (3)

where ¢; and p; denotes the ground true and predicted label at the position (4, ), and
H, W is the height and weight of the image. (2) Dice Loss:

HW N
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HW HW -
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ACdice =1- 5 (4)

In summary, the total loss function is formulated as:

‘Closs - )\clsﬁcls + )\bowﬁbow + )\segﬁseg + )\dice‘cdice; (5)



where the factors for each term are set as Acjs = 4, Apow = 2, Aseg = 5, Adice = 5. Both
the detection and segmentation head are based on the DETR architecture, and the
segmentation task can be regarded as a more refined object detection task. Therefore,
the same hyperparameters are used for both, with the difference lying in the different
loss functions used and the additional segmentation head in the segmentation model.
The training hyperparameters for the detection and segmentation networks are shown
in Table S1.

6 Geometric Calculation of Cardiac Function
Parameters

Based on the bounding boxes and polygonal contours of the fetal cardiac structures
output by the AI model, cardiac function parameters are calculated using geometric,
mathematical, and image processing methods. For example, the calculation of cardiac
transverse diameter requires determining two geometric endpoints through geomet-
ric methods and calculating the distance between them. Each measurement item is
obtained through a similar calculation process. The cardiac cycle is calculated based
on continuous video frames. The calculation of the cardiac cycle relies on the accu-
rate segmentation of the four chambers by the segmentation head, identifying the
key frames of systole and diastole through the dynamic and regular area changes,
and finally estimating the fetal cardiac cycle based on these key frames. Since stored
images and real-time ultrasound examination videos often contain more than one com-
plete cardiac cycle, the model calculates the measurement values for each complete
cardiac cycle in real-time and designs a strategy based on section standard and image
quality assessment to determine the optimal cardiac cycle, approximating the optimal
judgment standard of ultrasound physicians. The fetal cardiac function parameters
measured in the four-chamber heart section using the Al model are listed in Table S2
and S3.

7 Supplemental Experiment Result

The complete human-machine measurement results are listed in Table S4-S7. Fig.
S3-S5 show the Bland-Altman graphs for global sphericity index, fractional area change
of right ventricle, and ejection fraction of left ventricle in the normal dataset. Fig.
S6-S8 show the Bland-Altman graphs for these parameters in the abnormal dataset.

8 Detail of Z-score modeling

Various cardiac parameters exhibit changes throughout the biparietal diameter
(BPD), head circumference (HC), abdominal circumference(AC), femur length (FL),
estimated fetal weight (EFW) and Last menstrual period gestational age (LMP_GA);
Ultrasound mean gestational age (US-MGA). The independent variable (X) is contin-
uous and not fixed. To establish normal reference values for fetal heart parameters, a Z
score methodology for the automatic measurement of these parameters was developed.



This study continuously collects data from over 1385 singleton fetuses, with ges-
tational age determined through early pregnancy ultrasound examinations conducted
between 18w+0d weeks and 37w+6d weeks. The dataset includes only those cases that
provide a complete view of the fetal four-chamber view and excludes any instances of
cardiac structural abnormalities, discrepancies in gestational age, or factors that may
influence fetal heart rate, such as functional extracardiac and maternal factors. Impor-
tantly, this dataset does not overlap with the data used for model building, which
includes training, tuning, and validation sets. In cases where multiple four-chamber
cardiac videos of the same fetus were obtained at different gestational ages, only the
video with the highest image quality was retained. After adjusting gestational age
based on early pregnancy ultrasound findings, 95% of independent variables—BPD,
HC, AC, FL, and EFW—that exceeded the normal range on both sides were excluded,
utilizing criteria published by Hadlock to construct reference ranges for fetal biomet-
ric measurements. The criteria for video collection of the four-chamber view remained
consistent throughout the study. The steps to calculate Z scores and percentiles are
as follows:

Step 1: Model the mean of Y (cardiac parameters) as a function of X (the clinical
gestational age, ultrasound mean gestational age, BPD, HC, AC, FL, EFW). After the
scatter plot was displayed, fractional polynomials were used to evaluate the specific
time reference range that has been applied to fetal bioassays. The NCSS11 software
program was used to analyze the sample data automatically. 44 equations arranged in
descending order of R? values are obtained as show in Table S8.

Step 2: Derive the regression equation of standard deviation by fitting a
polynomial of degree, denoted as (SD = C0 + C1 x X).

Step 3: Test the goodness of fit of the model by first considering the values of
the higher R? or F statistics. Check whether Z-scores are normally distributed by
observing the normal probability plot of Z-scores and the results of the normality test.

Step 4: The equation of Z-Score is obtained by using mean regression equation
and standard deviation regression equation, denoted as:

Imeasure normal (6)

)
SDnormal

Z _score =

where, Icqasure 18 individual measurement, M, ormaqr 18 predicted mean of the mea-
surement from a normally distributed population, and SD,,,rma; is standard deviation
of the measurement from a normally distributed population.

Table S9-S11 shows the most regression function of the Z-score modeling for cardiac
parameters of full, left and right heart, respecitively.



Fig. S2: An-segmentation example of the Mask-Dino Head
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Fig. S3: The Limits of Agreement from Bland-Altman testing of Global Sphericity Index in Internal Normal Dataset
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Fig. S6: The Limits of Agreement from Bland-Altman testing of Global Sphericity Index in Internal Abnormal Dataset
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Table S1: Training Hyperparameters of the AT Model

Value

200
0.0001
true
2000
0.1
false
AdamW
0.0001
true

Hyperparameter

epoch
base learning rate
warmup
warmup steps
clip grad by norm
regularizer
optimizer
weight decay
use focal loss

Table S2: Cardiac parameters obtainable by automatic, manual, and HQ measurement for full heart structures.

Parameter Name Abbreviation NI H%eari—luman
Heart Rate HR v v v
Routine Cardiac Axis CA v v
Cardiac Cardiothoracic Area Ratio CTAR v v
Parameters Global Sphericity Index GSI v v v
End-diastolic Ventricular Area Ratio EDVAR v v v
FExpand . Cardif)thqracic Ratio . CTR v v
Cardiac Cardiothoracic Circumference Ratio CTCR v v
End-diastolic Ventricular Width Ratio EDVWR v v v
parameters End-diastolic Ventricular Length Ratio EDVLR v v v
Cardiac Length CL v v v
Cardiac Width CW v v v
Thoracic Width T™™W v v
Basic Cardiac Circumference CC v v
Cardiac Thoracic Circumference TC v v
parameters Cardiac Area - v v v
Thoracic Area TA v v
Interventricular Septum Thickness IVST v v
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Table S3: Cardiac parameters obtainable by automatic, manual, and HQ measurement for left and right heart structures.

Ed and Es denotes End-diastolic and End-systolic.

Parameter Name Abbreviation Al Lflfé Hel?lriman Al Rlpglg Hi;ﬁnan
Atrial Area LAA, RAA v v v v
Routine Fractional Area Change LVFAC, RVFAC v v v v v v
Cardiac Stque Volurr.le LVSV v v v
Parameters Ejection Fraction LVEF v v v
Cardiac Output LvVCO v v v
Ed Transverse Width LVTWd, RVTWd v v v v v v
Amnular Ventricular LVAVFS, RVAVFS N VAV
Fractional Shortening
Transverse fractional shortening LVTFS, RVTFS v v v v v v
Expand Sphericity Index LVSI, RVSI v v v v v v
Cardiac Global Longitudinal Strain LVGLS, RVGLS v v v v v v
parameters Septal Wall Strain LVSWS, RVSWS v v v v
Free Wall Strain LVFWS, RVFWS v v v v
Amnular Plane LVAPSE, RVAPSE v NV v
Systolic Excursion
Superior-inferior Diameter LASID, RASID v v v v
Transverse Diameter LATD, RATD v v v v
Es Transverse Width LVTWs, RVTWs v v v v
Ed Basal-apical Length LVBALd, RVBALd v v v v v v
Es Basal-apical Length LVBALs, RVBALs v v v v v v
Ed Area LVEAd, RVEAd v v v v v v
Basic Es Area LVEAs, RVEAs v v v v v v
Cardiac Ed Endocardial Length LVECLd, RVECLd v v v v
parameters Es Endocardial Length LVECLs, RVECLs v v v v
Ed Endocardial Septal Wall Length LVECSWLd, RVECSWLd Vv v v v
Es Endocardial Septal Wall Length LVECSWLs, RVECSWLs v v v v
Ed Endocardial Free Wall Length ~ LVECFWLd, RVECFWLd v v v v
Es Endocardial Free Wall Length LVECFWLs, RVECFWLs v v v v
Es Free Wall hickness LVFWd, RVFWd v v v v
Ed Volume LVEVd v v v
Es Volume LVEVs v v v
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Table S4: Consistency Analysis of All Cardiac Parameters Between Automatic and Manual Measurement (M1, M2) in
Normal Dataset

Function 1CC LOA R-value MAE
Parameter AI-M1  AI-M2 MI1-M2 AI-M1 AI-M2 M1-M2 AI-M1  AI-M2 M1-M2 AI-M1 AI-M2 MI1-M2
Heart Parameters

HR 0.911 0.915 0.783 0.00+0.07  0.00£0.03 0.0040.11 0.898 0.897 0.744 3.823 3.680 7.090
CA 0.964 0.977 0.931 0.044+0.14 -0.01+0.09  -0.05+0.20 0.976 0.977 0.944 1.757 1.383 2.849
CTAR 0.817 0.891 0.647 0.04+0.10  0.01£0.05  -0.03+0.20 0.850 0.897 0.642 0.014 0.009 0.022
GSI 0.908 0.935 0.787  -0.01£0.06  0.0140.03 0.0240.10 0.900 0.923 0.762 0.031 0.027 0.056
EDVAR 0.924 0.949 0.848  -0.01£0.14 -0.01£0.06  0.0040.20 0.929 0.952 0.848 0.048 0.039 0.078
CTR 0.863 0.902 0.700 0.01+0.08  0.00£0.04  -0.02+0.14 0.872 0.898 0.701 0.017 0.014 0.030
CTCR 0.785 0.869 0.650 0.024+0.05  0.00+£0.03  -0.02+0.08 0.858 0.872 0.707 0.015 0.010 0.024

EDVWR 0.871  0.908 0.707  -0.024+0.14 0.02+£0.06  0.04£0.22 0.885  0.915 0.730 0.064  0.053 0.111
EDVLR 0.850  0.836 0.622  0.00£0.08 0.01£0.05  0.00£0.14 0.844  0.826 0.574 0.029  0.032 0.057

CL 0.980 0.984 0.951 0.02+0.06  0.00+0.04  -0.02+0.11 0.983 0.981 0.952 0.093 0.085 0.166
CW 0.978 0.981 0.936 0.03+£0.07  -0.014+0.08 -0.04+0.14  0.986 0.982 0.952 0.090 0.087 0.170
™ 0.975 0.981 0.938 0.01+£0.07  -0.014+0.04 -0.02+0.12  0.977 0.979 0.942 0.153 0.138 0.271
CcC 0.969 0.991 0.949 0.04+0.07  -0.014+0.02  -0.05+0.09  0.982 0.992 0.973 0.366 0.193 0.535
TC 0.983 0.985 0.957 0.01£0.07  -0.014£0.03  -0.02+£0.10  0.982 0.983 0.957 0.472 0.430 0.851
Cardiac Area  0.991 0.996 0.984 0.03+0.09  0.01+0.04  -0.03+0.15  0.993 0.996 0.983 0.275 0.156 0.401
TA 0.995 0.996 0.988 0.00+£0.08  0.00+0.04 0.00+0.12 0.994 0.995 0.987 0.703 0.608 1.218
IVST 0.956 0.986 0.923 0.05+0.11  0.00+0.04  -0.05+0.17  0.973 0.986 0.940 0.233 0.120 0.331
Left Heart Parameters
LAA 0.986 0.988 0.958  -0.01£0.12 -0.02+0.06 -0.014+0.22  0.989 0.990 0.965 0.048 0.044 0.089
LVFAC 0.910 0.928 0.765 0.02+0.17  0.00+0.08  -0.02+0.29  0.895 0.912 0.719 2.787 2.369 4.957
LVSV 0.986 0.987 0.959 0.01£0.19  0.03+0.10 0.02+0.35 0.988 0.988 0.964 0.041 0.039 0.077
LVEF 0.955 0.954 0.864 0.00+£0.10  0.01+0.05 0.01+0.18 0.941 0.936 0.817 2.216 2.067 4.032
LVCO 0.989 0.990 0.968 0.01£0.17  0.03+£0.09 0.02+0.31 0.990 0.989 0.969 5.415 5.304  10.006
LVAVFS 0.973 0.973 0.918 0.01+0.14  -0.014+0.07 -0.01+0.25  0.973 0.976 0.921 1.216 1.260 2.364
LVTFS 0.948 0.948 0.867 0.08+£0.69  0.05+0.33  -0.03+10.00  0.935 0.946 0.855 1.526 1.607 2.905
LVSI 0.875 0.910 0.707  -0.02+£0.14  0.0240.06 0.04+0.22 0.882 0.904 0.712 0.138 0.112 0.240
LVGLS 0.965 0.974 0.906  -0.03+0.13  0.034+0.06 0.06+0.21 0.966 0.971 0.908 1.452 1.150 2.482

LVSWS 0.951 0.957 0.874  -0.02+0.21 0.02£0.12  0.04£0.37 0.957  0.958 0.880 1.709 1.512 3.084
LVFWS 0.940  0.947 0.840  -0.044+0.18 0.04+£0.09  0.07+0.31 0.951 0.954 0.869 2.055 1.830 3.633
LVAPSE 0.974  0.978 0.922  -0.04+0.11 0.03£0.06  0.07£0.19 0.986  0.982 0.950 0.054  0.044 0.093

LASID 0.951 0.963 0.868  -0.04£0.11 0.02+0.06  0.06+£0.20 0.971 0.964 0.902 0.060  0.048 0.105
LATD 0.955  0.954 0.861 0.03+0.13  -0.04+0.06 -0.07+0.21  0.964  0.966 0.893 0.055  0.059 0.109
LVTWd 0.968  0.981 0.932 0.02+0.12  -0.01£0.05 -0.02+0.18  0.969  0.981 0.934 0.408  0.312 0.671
LVTWs 0.974  0.985 0.949 0.01+0.11  -0.014+0.04 -0.024+0.16  0.975  0.986 0.952 0.321 0.250 0.532

LVBALd 0.990  0.985 0.964  0.00£0.05 0.01£0.03  0.01£0.10 0.989  0.984 0.965 0.387  0.519 0.839
LVBALSs 0.992  0.987 0.973 0.00£0.06  0.01£0.04  0.02£0.10 0.991 0.987 0.973 0.325  0.446 0.718
LVEAd 0.986  0.994 0.975 0.02+0.14  0.01£0.05 -0.01+0.21  0.983  0.993 0.969 0.083  0.052 0.123
LVEAs 0.990  0.994 0.981 0.024+0.13  0.01£0.06  0.00+0.19 0.990  0.993 0.979 0.041 0.034 0.067
LVECLd 0.991 0.972 0.948 0.01+0.05 -0.044+0.03  -0.05+0.08  0.992  0.989 0.978 0.081 0.159 0.231
LVECLs 0.985  0.972 0.933 0.03+0.06 -0.05+0.03  -0.07£0.10  0.991 0.992 0.977 0.100  0.147 0.240
LVECSWLd  0.982  0.952 0.915 0.02+£0.07  -0.05+0.04 -0.07£0.11  0.983  0.978 0.962 0.055  0.096 0.140
LVECSWLs  0.979  0.959 0.912 0.03+0.09 -0.05+0.05 -0.084+0.14  0.983  0.979 0.958 0.059  0.084 0.135
LVECFWLd 0.983  0.973 0.940 0.01£0.07  -0.03+0.04 -0.04+0.12  0.981 0.981 0.953 0.064  0.084 0.141
LVECFWLs 0973  0.969 0.912 0.03+0.10  -0.044+0.05 -0.07+0.16  0.978  0.983 0.949 0.074  0.086 0.152
LVFWd 0.967  0.955 0.886 0.01£0.11  -0.02+0.06  -0.03£0.20  0.970  0.961 0.897 0.113  0.148 0.252
LVEVd 0.995  0.996 0.988 0.01£0.13  0.02+0.07  0.01£0.22 0.995  0.995 0.987 0.047  0.043 0.083

LVEVs 0.995  0.997 0.991  0.01£0.14  0.01£0.07  0.00£0.22 0.995  0.995 0.989 0.023  0.017 0.037

Right Heart Parameters
RAA 0.995  0.991 0.979  0.01£0.08 -0.05+£0.04 -0.06+£0.15  0.996  0.995 0.986 0.029  0.047 0.073
RVFAC 0975 0977 0.929  0.00£0.10  0.00£0.05  0.00%-0.17  0.976  0.977 0.930 1.450  1.369 2.611
RVAVFS 0.965  0.963 0.891  0.00£0.14  0.01£0.07  0.01£0.24 0.965  0.964 0.891 1.333 1.412 2.567

RVTFS 0.921 0.924 0.810  -0.13+1.21 -0.14+£0.55  0.00£1.40 0.907  0.905 0.764 2.260 2.154 4.164
RVSI 0.931 0.936 0.813 0.00£0.10  0.01+0.05 0.00+£0.18 0.921 0.933 0.793 0.081 0.082 0.154
RVGLS 0.969 0.971 0.909 0.00£0.12  0.00+0.06 0.00+£0.21 0.970  0.971 0.909 1.080 1.074 2.032

RVSWS 0.943  0.958 0.867  -0.01£0.25 0.01£0.09  0.02£0.33 0.938  0.954 0.860 1.623 1.367 2.770
RVFWS 0.953  0.948 0.855 0.02£0.15  0.00+0.08  -0.02£0.27  0.955  0.948 0.857 1.585 1.660 3.060
RVAPSE 0.970  0.978 0.916  -0.04+0.09 0.02£0.05  0.06£0.16 0.986  0.981 0.950 0.048  0.036 0.081
RASID 0.957  0.983 0.918  -0.06+£0.08 0.01+0.04  0.07+£0.13 0.981 0.986 0.955 0.059  0.029 0.083
RATD 0.968  0.983 0.928  -0.064+0.07 0.02£0.04  0.08+0.12 0.990  0.987 0.971 0.056  0.032 0.084
RVTWd 0.988  0.988 0.970 0.00£0.08  0.01£0.04  0.02+0.13 0.988  0.989 0.971 0.254  0.265 0.482
RVTWs 0.989  0.987 0.972 0.00£0.09  0.02+0.04  0.01£0.13 0.989  0.988 0.973 0.244  0.268 0.466
RVBALd 0.975  0.967 0.920 0.00£0.09  0.02+0.05  0.02£0.15 0.973  0.968 0.920 0.554  0.679 1.153
RVBALSs 0.985  0.980 0.950 0.00£0.08  0.02+0.04  0.02+0.14 0.982  0.980 0.950 0.411 0.486 0.837
RVEAd 0.993  0.995 0.982 0.01£0.10  0.00£0.05  -0.014+0.17  0.992  0.994 0.980 0.054  0.043 0.093
RVEAs 0.993  0.995 0.984  0.01£0.11  0.00£0.05  -0.01£0.18  0.993  0.994 0.984 0.037  0.032 0.064
RVECLd 0.990  0.980 0.961 0.00£0.05 -0.01+0.04 -0.01£0.11  0.989  0.982 0.961 0.074  0.104 0.167
RVECLs 0.990  0.982 0.961 0.00+0.07  -0.01£0.04 -0.01£0.13  0.989  0.983 0.959 0.070  0.091 0.151
RVECSWLd  0.971 0.957 0.907  0.03+0.08 -0.04£0.04  0.07+£0.26 0.979  0.972 0.950 0.062  0.078 0.130
RVECSWLs 0970  0.964 0.913 0.03+0.09 -0.04+0.05 -0.07+0.14  0.978  0.977 0.952 0.057  0.068 0.115
RVECFWLd  0.971 0.971 0.919  -0.03£0.09 0.01£0.05  0.03£0.16 0.978  0.968 0.926 0.082  0.082 0.154
RVECFWLs  0.970  0.973 0.917  -0.03£0.11  0.01£0.06  0.04+£0.20 0.975  0.971 0.921 0.075  0.071 0.137
RVFWd 0.977  0.947 0.894  0.00£0.09  0.0240.06 120.02+0.19 0.978  0.956 0.906 0.092  0.144 0.225




Table S5: Consistency Analysis of All Cardiac Parameters Between Automatic and Manual Measurement (M1, M2) in
Abnormal Dataset

Function ICC LOA R-value MAE
Parameter AI-M1  AI-M2 MI1-M2 AI-M1 AI-M2 M1-M2 AI-M1  AI-M2 MI1-M2 AI-M1 AI-M2 MI1-M2
Heart Parameters

HR 0.953 0.961 0.880 0.00+£0.05 -0.01+0.02 -0.01+0.08  0.952 0.964 0.876 0.920 0.857 1.663
CA 0.948 0.970 0.892 0.04+0.25 0.00+£0.11  -0.04+0.40 0.952 0.972 0.899 0.981 0.798 1.580
CTAR 0.941 0.912 0.808  -0.01+0.10 0.02+£0.06  0.04+£0.17  0.908 0.835 0.693 0.003 0.004 0.007
GSI 0.900 0.889 0.761 0.02+0.06  -0.02+0.03 -0.04+0.09  0.927 0.895 0.840 0.010 0.010 0.018
EDVAR 0.949 0.960 0.876  -0.04+0.17 0.00£0.08  0.04£0.30  0.933 0.964 0.841 0.024 0.020 0.040
CTR 0.955 0.808 0.725 0.00£0.06  -0.01+0.06 -0.01+0.16  0.943 0.769 0.646 0.003 0.008 0.010
CTCR 0.868 0.871 0.777 0.00£0.08 -0.01+0.03 -0.02+0.10  0.827 0.812 0.682 0.004 0.004 0.007

EDVWR 0.897  0.903 0.687  -0.03£0.17 0.02£0.09  0.04£0.31  0.915  0.905 0.699 0.037  0.032 0.066
EDVLR 0.911 0.909 0.762  0.00£0.08 0.01£0.04 0.01+0.13  0.878  0.859 0.657 0.013  0.011 0.023

CL 0.987 0.983 0.960 0.00£0.07  0.00+-0.04 0.00+£0.12  0.984 0.978 0.945 0.025 0.034 0.052
CW 0.978 0.975 0.926  -0.02+0.08 0.024+0.10  0.04+0.16  0.985 0.978 0.940 0.027 0.030 0.054
™ 0.973 0.924 0.854  -0.03+0.06 0.03+0.07  0.05+0.19  0.985 0.934 0.886 0.047 0.097 0.133
cC 0.987 0.985 0.968 0.014+0.06  -0.014+0.03 -0.024+0.10  0.985 0.984 0.965 0.083 0.081 0.149
TC 0.991 0.988 0.971 0.014+0.05  0.014+0.03  0.00+0.09  0.984 0.981 0.953 0.120 0.159 0.261
Cardiac Area  0.993 0.985 0.970  -0.01+0.09 0.024+0.07  0.03+0.20  0.992 0.982 0.966 0.076 0.106 0.169
TA 0.993 0.996 0.984 0.004+0.08  0.00+0.04 -0.01+0.13  0.990 0.992 0.977 0.241 0.197 0.397
IVST 0.955 0.961 0.877 0.03+0.15  0.00+0.07 -0.02+0.26  0.959 0.964 0.885 0.077 0.071 0.137
Left Heart Parameters
LAA 0.977 0.981 0.927  -0.01+£0.14 0.004+0.07  0.01£0.26  0.987 0.985 0.958 0.016 0.015 0.029
LVFAC 0.929 0.912 0.785 0.004£0.26  -0.024+0.17 -0.02+0.36  0.892 0.904 0.723 0.816 0.856 1.522
LVSV 0.968 0.975 0.909 0.01+0.33  -0.014+0.16 -0.03+0.54  0.981 0.977 0.941 0.017 0.016 0.032
LVEF 0.928 0.925 0.796 0.01+0.24  0.00+0.11  -0.01+0.37  0.906 0.897 0.729 0.921 0.956 1.792
LVCO 0.966 0.976 0.907 0.014+0.33  -0.02+0.16 -0.04+0.55  0.980 0.979 0.942 2.513 2.413 4.760
LVAVFS 0.941 0.966 0.888  -0.05+0.18 0.014+0.08 0.06+0.26  0.954 0.967 0.903 0.491 0.447 0.851
LVTFS 0.944 0.947 0.880  -0.20+1.22 -0.104£0.77 0.06+1.48  0.936 0.952 0.873 0.801 0.800 1.468
LVSI 0.947 0.922 0.797  -0.01+£0.10 0.014+0.06  0.02+0.20  0.938 0.927 0.790 0.061 0.054 0.114
LVGLS 0.944 0.948 0.866  -0.04+0.19 -0.03£0.11  0.01£0.35  0.959 0.950 0.870 0.559 0.554 1.014

LVSWS 0.873  0.875 0.760  -0.01£0.38 -0.03£0.25 -0.02+0.67 0.833  0.879 0.684 0.707  0.759 1.321
LVFWS 0.891  0.869 0.771  -0.05£0.20 -0.01£0.12 0.03£0.36  0.947  0.928 0.833 0.680  0.749 1.268
LVAPSE 0.980  0.979 0.939  0.01£0.14 0.02£0.07  0.01£0.24  0.980  0.981 0.940 0.013  0.014 0.025

LASID 0.966 0.957 0.882 0.00£0.13  0.02+0.08  0.02+£0.24  0.965 0.959 0.884 0.014 0.018 0.030
LATD 0.940 0.915 0.799  -0.01£0.15 0.03£0.08  0.04+0.27  0.947 0.922 0.813 0.016 0.019 0.033
LVTWd 0.983 0.974 0.935 0.01£0.10  -0.01£0.06 -0.02+0.19  0.983 0.975 0.936 0.092 0.110 0.193
LVTWs 0.970 0.965 0.896 0.01£0.11  0.00+0.06  -0.02+0.22  0.966 0.960 0.884 0.115 0.115 0.221

LVBALd 0.980  0.978 0.952  -0.01£0.07 0.00£0.04 0.01£0.12 0974  0.974 0.939 0.203  0.191 0.357
LVBALs 0.987  0.990 0.971 0.00+0.07  0.00+0.03  -0.01£0.10 0.976  0.981 0.947 0.104  0.080 0.170
LVEAd 0.979  0.979 0.931 0.02+0.16  -0.02+0.07 -0.04£0.27  0.979  0.984 0.951 0.049  0.047 0.093
LVEAs 0.981  0.982 0.941 0.02+0.15  0.01+0.08 -0.03£0.25 0.982  0.983 0.943 0.015  0.013 0.028
LVECLd 0.991  0.992 0.974  -0.01£0.05 -0.01£0.02 0.00£0.09  0.991 0.993 0.975 0.024  0.024 0.043
LVECLs 0.988  0.992 0.970  0.01£0.06  0.00£0.03 -0.01£0.10 0.984  0.986 0.958 0.020  0.018 0.036
LVECSWLd 0976  0.979 0.944  0.00£0.08 -0.01£0.04 -0.01£0.13 0.979  0.985 0.951 0.016  0.015 0.028
LVECSWLs  0.978  0.984 0.946  0.01£0.08  0.00£0.04 -0.01£0.13 0.979  0.985 0.948 0.014  0.011 0.023
LVECFWLd  0.984  0.982 0.961  -0.01£0.08 0.00£0.04 0.01£0.13 0975  0.977 0.933 0.018  0.019 0.032
LVECFWLs  0.978  0.984 0.944  0.01£0.09  0.00£0.04 -0.01£0.15 0.963  0.972 0.914 0.017  0.014 0.029
LVFWd 0.992  0.994 0.983  -0.01+£0.11  0.00£0.05  0.02+0.16  0.971 0.979 0.937 0.030  0.026 0.053
LVEVd 0.990  0.993 0974  0.00£0.13 -0.01£0.06 -0.01£0.23  0.991 0.995 0.980 0.017  0.016 0.031

LVEVs 0.993  0.992 0.979  -0.01+£0.14  0.00£0.06  0.00+0.21  0.995  0.995 0.988 0.007  0.007 0.012
Right Heart Parameters
RAA 0.987  0.988 0.964  0.02+£0.13  0.00£0.07 -0.02+0.22  0.985  0.985 0.962 0.016  0.016 0.029

RVFAC 0.950  0.954 0.885 0.03+0.18  0.00+0.09  -0.03£0.28  0.955 0.956 0.887 0.635  0.588 1.128
RVAVFS 0.935  0.904 0.797  -0.02£0.40 0.02£0.13  0.04£0.50  0.938  0.906 0.798 0.495  0.632 1.026
RVTFS 0.924  0.916 0.800  -0.10£1.06 -0.13£0.56 -0.05£1.20  0.941 0.938 0.860 1.083 1.009 1.927
RVSI 0.892  0.900 0.644  0.01£0.15  0.00£0.07 -0.01£0.28 0.897  0.901 0.643 0.033  0.031 0.062
RVGLS 0.942  0.951 0.867  -0.04+0.21 -0.01£0.09 0.03£0.34  0.949  0.958 0.868 0.451 0.396 0.788
RVSWS 0.899  0.944 0.861  -0.06+0.35 -0.04£0.13 0.02+£0.43  0.912 0.953 0.861 0.705  0.475 1.002
RVFWS 0.928  0.930 0.821  -0.01£0.19 0.01+0.11  0.02£0.34  0.901 0.916 0.767 0.565  0.548 1.038
RVAPSE 0.975  0.970 0.919  -0.01£0.14 0.04+0.07  0.05£0.25  0.975 0.975 0.927 0.015  0.016 0.028
RASID 0.975 0977 0.935 0.00+0.10  0.02+0.05  0.02+0.16  0.969  0.976 0.926 0.012  0.012 0.022
RATD 0.978  0.980 0.943 0.00+0.10  0.01+0.05 0.01+0.16  0.978  0.981 0.942 0.012  0.012 0.022
RVTWd 0.962 0971 0.897  -0.02£0.13 0.00£0.06  0.02£0.23  0.967  0.972 0.899 0.170  0.138 0.296
RVTWs 0.979  0.979 0.936  -0.02£0.11  0.01£0.05  0.02£0.19  0.981 0.980 0.939 0.145  0.136 0.257
RVBALd 0.976  0.965 0.924  -0.01£0.08 0.01£0.05 0.01£0.16  0.977  0.967 0.925 0.185  0.224 0.371
RVBALs 0.987  0.981 0.962 0.00+0.07  0.00+0.04  0.01£0.12  0.988  0.981 0.962 0.101 0.117 0.202
RVEAd 0.994  0.996 0.988  -0.02£0.09 -0.01£0.03 0.01£0.14  0.990  0.996 0.984 0.014  0.011 0.024
RVEAs 0.993  0.995 0.987  -0.03£0.10 -0.01£0.05 0.02£0.15  0.991 0.994 0.981 0.014  0.011 0.023
RVECLd 0.993  0.993 0.980 0.00£0.05 -0.01£0.02 -0.01£0.08 0.993  0.994 0.980 0.021 0.019 0.037
RVECLs 0.991 0.996 0.981 0.01£0.05  0.00£0.02 -0.01£0.08 0.990  0.993 0.978 0.018  0.012 0.028
RVECSWLd  0.982  0.986 0.955 0.00£0.08 -0.01£0.03 -0.01+0.12  0.982 0.987 0.956 0.014  0.012 0.024
RVECSWLs  0.972  0.990 0.955 0.02+0.09  0.00+0.03  -0.02£0.12  0.976  0.990 0.957 0.015  0.008 0.020
RVECFWLd 0987  0.988 0.963  -0.01£0.07 -0.01£0.03 0.00£0.12  0.987  0.989 0.962 0.017  0.016 0.031
RVECFWLs  0.990  0.993 0.975 0.00+0.07  -0.01£0.03  0.004+0.12  0.989  0.987 0.968 0.013  0.010 0.022
RVFWd 0.931 0.929 0.783  -0.01£0.17 0.01£0.09  0.02£0.30  0.931 0.930 0.784 0.062  0.065 0.118
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Table S6: Consistency Analysis of All Cardiac Parameters Between Automatic and HQ Measurement (HQ1, HQ2) in Normal
Dataset
Function I1CC LOA R-value MAE

Parameter AI-HQ1 AI-FHQ2 HQI1-HQ2 AI-HQ1 AI-HQ2 HQI1-HQ2 AI-HQ1 AI-HQ2 HQI1-HQ2 AI-HQ1 AI-HQ2 HQI-HQ2
Heart Parameters

HR 0.920 0.931 0.811 0.02+0.06  0.00£0.06  -0.0240.10 0.931 0.921 0.793 3.853 3.333 6.847
GSI 0.880 0.911 0.769 -0.01£0.07 -0.01£0.06  0.00+0.11 0.869 0.910 0.733 0.036 0.031 0.060
EDVAR 0.926 0.951 0.838 0.02+0.13  0.00£0.11  -0.014+0.21 0.930 0.953 0.840 0.048 0.038 0.080
EDVWR 0.910 0.842 0.669 0.00+0.12  0.04+£0.15  0.04+0.23 0.912 0.870 0.691 0.052 0.071 0.116
EDVLR 0.861 0.871 0.661 0.00+0.08  0.01+0.08 -0.0140.13 0.847 0.866 0.617 0.027 0.027 0.052
CL 0.961 0.978 0.929 0.03+£0.10  0.02£0.08 -0.0140.16 0.966 0.981 0.922 0.128 0.095 0.205
CW 0.940 0.966 0.881 0.03+£0.14  0.03£0.11  -0.0140.22 0.952 0.970 0.882 0.142 0.102 0.232
Cardiac Area  0.985 0.993 0.967 0.04+0.11  -0.02+0.09 -0.0540.18 0.989 0.992 0.974 0.358 0.247 0.572
Left Heart Parameters
LVFAC 0.920 0.933 0.783 -0.01£0.17  0.00£0.14  0.00+0.27 0.913 0.918 0.750 2.652 2.235 4.685
LVSV 0.988 0.989 0.964 -0.03+0.16  0.00£0.18  0.02+0.31 0.992 0.990 0.971 0.038 0.038 0.073
LVEF 0.964 0.960 0.889 0.00+0.10  0.00£0.10  0.01+0.17 0.958 0.944 0.862 1.928 2.054 3.746
LVCO 0.992 0.992 0.972 -0.01£0.15  0.00£0.15  0.01+0.28 0.993 0.993 0.977 4.884 4.806 9.506
LVAVFS 0.977 0.972 0.923 0.02+0.15  -0.01£0.14 -0.0440.26 0.979 0.975 0.929 1.208 1.330 2.431
LVTFS 0.977 0.977 0.942 0.03+0.76  0.04+0.94  0.01+1.27 0.968 0.970 0.930 1.311 1.336 2.369
LVSI 0.899 0.863 0.704 0.00+0.13  0.04+£0.13  0.04+0.22 0.887 0.888 0.708 0.113 0.145 0.240
LVGLS 0.939 0.972 0.907 -0.064+0.17  -0.03£0.13  0.04%0.24 0.944 0.958 0.875 1.888 1.134 2.652
LVTWd 0.972 0.961 0.923 -0.01£0.11  -0.04+0.11  -0.024+0.19 0.972 0.971 0.921 0.355 0.474 0.758
LVBALd 0.989 0.991 0.971 -0.01£0.05 0.01£0.05  0.02+0.08 0.991 0.991 0.975 0.367 0.369 0.698
LVBALs 0.988 0.989 0.966 -0.02£0.06  0.014+0.07  0.03+0.11 0.996 0.991 0.974 0.400 0.431 0.799
LVEAd 0.988 0.995 0.978 -0.024+0.13  0.00£0.09  0.02+0.19 0.987 0.994 0.974 0.081 0.048 0.118
LVEAs 0.991 0.995 0.980 -0.01£0.13  0.00£0.10  0.01+0.19 0.990 0.994 0.979 0.041 0.030 0.067
LVEVd 0.996 0.996 0.989 -0.024+0.11 -0.01+£0.13  0.02+0.21 0.996 0.995 0.987 0.043 0.046 0.083
LVEVs 0.995 0.996 0.988 -0.01£0.14 -0.01£0.15  0.01+0.24 0.995 0.995 0.986 0.024 0.021 0.042
Right Heart Parameters
RVFAC 0.974 0.972 0.916 -0.01£0.10  0.01£0.10  0.02+0.18 0.976 0.973 0.922 1.515 1.503 2.822
RVAVFS 0.965 0.966 0.896 0.00+0.14  0.01£0.13  0.01+0.24 0.966 0.966 0.897 1.354 1.327 2.503
RVTFS 0.971 0.982 0.936 -0.31+£0.93 -0.01£1.12  0.31+1.00 0.980 0.979 0.944 1.588 1.180 2.475
RVSI 0.945 0.924 0.805 0.00+£0.09  0.01£0.11  0.01+0.18 0.939 0.914 0.781 0.072 0.087 0.152
RVGLS 0.933 0.945 0.833 0.01+0.19  -0.01+£0.16  0.03+0.30 0.935 0.947 0.836 1.754 1.600 3.148
RVTWd 0.989 0.987 0.966 -0.01£0.07  0.00£0.09  0.02+0.13 0.991 0.987 0.969 0.261 0.285 0.523
RVBALd 0.978 0.973 0.927 -0.01£0.08 0.01£0.08  0.03+0.14 0.978 0.973 0.929 0.562 0.625 1.130
RVBALSs 0.985 0.984 0.952 -0.01+£0.08  0.01£0.08  0.02+0.14 0.984 0.984 0.954 0.432 0.451 0.846
RVEAd 0.993 0.995 0.982 -0.01£0.10  0.00£0.09  0.01+0.18 0.993 0.994 0.979 0.053 0.044 0.094
RVEAs 0.993 0.996 0.984 0.00+0.11  0.00£0.09  -0.01£0.18 0.993 0.995 0.984 0.038 0.030 0.063

Table S7: Consistency Analysis of All Cardiac Parameters Between Automatic and HQ Measurement (HQ1, HQ2) in
Abnormal Dataset
Function ICC LOA R-value MAE

Parameter AI-HQ1 AI-HQ2 HQI1-HQ2 AT-HQ1 AT-HQ2 HQI1-HQ2 AI-HQ1 AI-HQ2 HQI-HQ2 AI-HQ1 AI-HQ2 HQI-HQ2
Heart Parameters

HR 0.962 0.965 0.897 -0.01£0.05 0.01£0.05  0.01+0.08 0.957 0.965 0.898 0.827 0.833 1.573
GSI 0.857 0.800 0.740 0.00+£0.09  -0.03£0.09 -0.03+0.11 0.865 0.842 0.744 0.010 0.014 0.020
EDVAR 0.956 0.953 0.868 -0.044+0.17  0.00£0.19  0.03%0.33 0.950 0.940 0.825 0.023 0.024 0.043
EDVWR 0.930 0.913 0.756 0.01+0.15  0.00£0.17  -0.0140.29 0.929 0.922 0.763 0.027 0.033 0.058
EDVLR 0.881 0.894 0.692 0.02+0.08  0.00£0.08 -0.02+0.14 0.870 0.868 0.618 0.016 0.016 0.030
CL 0.951 0.974 0.914 -0.01+£0.14  0.01£0.10  0.02+0.19 0.947 0.958 0.881 0.043 0.027 0.062
CW 0.938 0.945 0.817 -0.01£0.17  0.04£0.13  0.05+0.27 0.946 0.958 0.843 0.054 0.047 0.095
Cardiac Area 0.989 0.987 0.966 0.00+0.11  -0.01+£0.13 -0.01£0.21 0.987 0.986 0.963 0.090 0.105 0.179
Left Heart Parameters
LVFAC 0.947 0.939 0.848 0.01+0.22  -0.02+0.16 -0.0340.30 0.926 0.910 0.791 0.640 0.699 1.243
LVSV 0.965 0.978 0.907 0.04+£0.40  0.00£0.36  -0.0440.64 0.975 0.981 0.942 0.018 0.015 0.031
LVEF 0.897 0.924 0.746 0.03+£0.29  -0.01£0.30 -0.0440.49 0.868 0.908 0.687 1.151 0.928 2.009
LVCO 0.959 0.978 0.897 0.03+0.40  0.00£0.36  -0.0340.64 0.974 0.980 0.933 2.726 2.108 4.606
LVAVFS 0.979 0.928 0.900 -0.01£0.11  -0.03£0.25 -0.034+0.30 0.980 0.940 0.905 0.354 0.390 0.696
LVTFS 0.932 0.963 0.854 -0.15+1.19 -0.13£1.14 0.13%1.11 0.938 0.965 0.853 0.804 0.500 1.199
LVSI 0.909 0.910 0.715 0.01+0.14  -0.01+£0.14 -0.024+0.25 0.906 0.917 0.724 0.061 0.063 0.120
LVGLS 0.904 0.902 0.835 -0.03+0.23  -0.04+0.26 -0.014+0.33 0.911 0.914 0.834 0.702 0.707 1.120
LVTWd 0.965 0.967 0.885 -0.01£0.13  0.01£0.13  0.02+0.25 0.966 0.968 0.885 0.129 0.130 0.252
LVBALd 0.983 0.972 0.946 0.00+0.07  -0.01+£0.09  0.00+0.13 0.988 0.943 0.927 0.197 0.202 0.383
LVBALs 0.985 0.982 0.960 0.00+0.07  0.01£0.08  0.00+0.11 0.985 0.961 0.945 0.115 0.115 0.216
LVEAd 0.980 0.977 0.929 0.02+0.15  -0.03£0.15 -0.0440.27 0.981 0.985 0.951 0.043 0.043 0.084
LVEAs 0.987 0.986 0.960 0.01+0.12  -0.01+£0.12 -0.034+0.21 0.987 0.987 0.962 0.012 0.013 0.024
LVEVd 0.990 0.992 0.970 0.01+0.14  0.01£0.12  0.00+0.23 0.993 0.995 0.984 0.018 0.014 0.030
LVEVs 0.990 0.993 0.975 0.00+0.15  0.01£0.13  0.01+0.23 0.994 0.994 0.985 0.008 0.007 0.014
Right Heart Parameters
RVFAC 0.967 0.930 0.889 -0.044+0.13  -0.04+0.21  0.00+0.28 0.976 0.939 0.889 0.479 0.738 1.082
RVAVFS 0.903 0.891 0.734 0.03+£0.44 -0.03£0.34 -0.0540.55 0.910 0.912 0.762 0.590 0.692 1.226
RVTFS 0.959 0.972 0.911 -0.114+1.08 -0.08+£0.91  0.04+1.05 0.959 0.973 0.908 0.605 0.542 1.030
RVSI 0.901 0.894 0.692 0.02+0.13  -0.01+£0.14 -0.034+0.25 0.909 0.905 0.707 0.030 0.031 0.057
RVGLS 0.916 0.883 0.740 -0.01£0.22  0.03£0.26  0.03%0.40 0.917 0.891 0.742 0.594 0.756 1.209
RVTWd 0.982 0.974 0.937 0.00+0.09  0.01+0.13  0.01+0.18 0.981 0.976 0.939 0.104 0.143 0.233
RVBALd 0.968 0.959 0.909 0.02+0.10  -0.01+0.11 -0.034+0.17 0.972 0.963 0.915 0.218 0.250 0.422
RVBALs 0.985 0.983 0.959 0.01+0.07  0.01£0.08  0.00+0.12 0.986 0.983 0.959 0.115 0.112 0.210
RVEAd 0.995 0.985 0.979 -0.01+£0.09 -0.02+0.12 -0.014+0.17 0.992 0.991 0.978 0.012 0.020 0.031
RVEAs 0.995 0.994 0.985 0.01+0.08  0.00£0.10 -0.0140.15 0.995 0.994 0.986 0.011 0.015 0.024
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Table S8: Regression equation of mean value for the candidate.

Linear Polynomial

Fractional Polynomial

Y =5+ B /X2

Y =00+p6/X

Y = By + pr/X0P

Y = o+ 1 x LN(X)
Y = fBo+ B x XO0P
Y=08+p xX

Y =B+ x X2

Y =8+p xX3

Y = Bo+ B1/X%+ B2 x LN(X)/X?

Y = Bo+ B1/X? + B2 x LN(X)

Y = Bo+ Bi1/ X%+ B2 x X?

Y =B+ B1/X + B2/ X0°

Y =060+ pB1/X+ P2 xX

Y :,80+B1/X0‘5+52 X L]\/v()()/XU'5
Y:,80+/81/X0'5+/62 x X

Y = o+ Bi x LN(X) + B2 x LN(X) x LN(X)

Y:BO+61XLN(X)+52XX2

Y =fo+ 5 x XOP + B x X
Y=08+p xX+pB xLNX)xX
Y150+61><X2+[32><LN(X)><X2

Y =80+ B1/X%+ B2/X

Y =fo+ B1/X? + B2 x X5

Y =80+ B1/X%+ By x X?

Y = fo+ p1/X + P2 x LN(X)
Y = Bo+ B1/X + B2 x X?

Y =B+ B1/X%% + B2 x LN(X)
Y:,80+/81/X0'5+/82 ><)(2

Y = Bo+ f1 x LN(X) + ffa x X0
Y:BOJrBlXLN(X)JrﬂzXXB
Y =fo+ 1 x X0 + By x X2
Y =00+ 61 x X + 2 x X?

Y =00+ B x X2+ By x X?

Y = B0+ B1/X? + B2/X0°

Y =00+061/X?+ B x X

Y =fo+B1/X + B2 x LN(X)/X

Y = 8o+ B1/X + Bz x X0

Y = B0+ B1/X + B2 x X3

Y = Bo+ B1/X%5 + By x XOF

Y = B0+ B1/X%% + By x X3

Y = fo+ By x LN(X) + B2 x X
Y:60+61XXO'SJrﬁgXLN(X)XXO'S
Y = fo+ A1 x XOP + By x X3
Y:50+[))1><X+[52><X3
Y:60+61><X2+62XLN(X)XX3

Table S9: Regression function of the Z-score modeling for cardiac parameters of full heart structures. 1st and 2nd formulation
are the two with the highest correlation coefficients R2.

Function 1st Formulation 2nd Formulation
Parameter Mean SD R? Mean SD R?
HR 149.6629-34689064}3—06><E‘FVV + 8.841021+ 0.034759 127.6428—7171147/HCZ+ 4.919184+ 0.034328
1.056245E-09x EFW?3 0.001618028x EFW : 1516022><LN(HC)/H02 0.02320865x HC' :
CA 40.07232-0.02836264 x F L2+ 5.399282+ 0.021426 130.0574-3.328097x LM P_G A- 5.176043+ 0.019778
0.006222869x LN (F'L) x FI? 0.04821111x FL : 36.54348vV LM P _GA 0.1037263x LM P_G A :
CTR 0.06943181+0.03436656 x F'L- 0.03619763+ 0.280388 0.4899465+-3.360527/ LM P_G A- 0.03485409+ 0.280225
0.006609934x LN (FL) x FL 1.892757TE-05x F'L : 88.60789/LM P_G A? 9.081618E-05x LM P_GA :
CTCR 0.4361377-10.47493/ LM P_G A+ 0.02788558- 0.170298 0.528316+26583.53/ EFW?2- 0.02665586- 0.169187
3.84387x LN(LMP_GA)/LMP_GA  6.343736E-05x LM P_GA : 5392.992x LN (EFW)/EFW? 3.990839E-07Tx EFW :
CTAR 043040152»36.41152/L]\1P,GA2+ 0.02465275+ 0.929895 0.034575414-0.01753121 < F'L- 0.02610358+ 0.219855
2205871><L]\/v(L]\/f]—),GA)/L]\JP,GA2 0.0001211303x LM P_G A : 0.003302323x LN (FL)/FL 3.581381E-05x F'L :
GsI -0.5568765+0.09644219x v BP D+ 0.0991837- 0.093694 1.236462—44314.04/EF‘V2- 0.08786284- 0.091471
8.408515/v BPD 0.0002080715x BPD : 9469.965><LN(EFH/)/EFW72 2.384998E-06x EFW :
oL -3.356458+0.9641188x LN (EFW )+ 0.1313604+ 0.906223 -64955881-#3‘070029XLN(USJ\ifGA)-F -0.01692692+ 0.897296
3.249074E-08 x EFW? 5.910062E-05x EFW ! 1.077453E-05x U S_M G A® 0.008408916xUS_MGA :
oW -3.306363+0.8593715x LN (EFW )+ 0.09234226+ 0.916652 —64842721+2A85534><LN(USJV{GA)-F -0.05760828+ 0.907767
1.767769E-08x EFW? 5.938688E-05x EFW ! 5.733709E-06xUS_MG A? 0.008496058xUS_MGA !
-8.941337+1.925492x LN (EFW)+ 0.1852984+ . 15.81322+4-5232.405/AC- -0.07518709+
™w 27.66845/v EFTW 0.000134212x EFyy 0833449 1406.252x LN (AC) /AC 0.00183677x AC 0-830096
cc -11.40034+-3.126136 x LN (EFW )+ 0.3079648+ 0.939464 -23.4788+10.10333/ x LN(US-MGA)+ -0.09647272+ 0.93025
8.910363E-08x EFW? 0.0001739626 x EF'W e 2.975808E-05xUS_MG A? 0.02393333xUS_-MGA e
TC -21.95691+6.009783x LN (EFW )+ 0.3662421+ 0.948847 -61.072744-24.02197/ x LN(US_-M G A)+ -0.3098846+ 0.940487
66511.52/EFW/2 0.0003508531x EFW - 1232.189/USJVIGA2 0.04250003xUS_-MGA -
Cardiac -11.71449+0.002266213x EFW + 0.1779864+ 0.93456 -13.02187+3.411787xVUS_-M G A+ -1.06166+ 0.925343
Area 2.416003x LN (EFW) 0.0004873562x EF'W h 0.0001379828 xUS_M G A3 0.06892101xUS_MGA :
TA -11.161+41.944155x vV EFW - 0.315133+ 0.935068 -19.6171+1.578279xUS_M G A+ -3.460649+ 0.928075
0.1095987< LN (EFW) x VEFW 0.001727302x EFW : 0.0001965536xUS_MG A3 0.2183501xUS_-MGA :
VST -3.5100734+1.077596 x LN (EFW )+ 0.5560803+ 0.499956 5.467122-58.66158/US_MG A+ 0.1348415+ 0.494875
7.839812E-08 x EFW? 0.0001536073x EFW : 3.883713E-05xUS_MGA? 0.02242434xUS_MGA :
EDVWR 1.043854-3.188297E-07x BP D3+ 0.1314646+ 0.037178 1.052541-0.0004567135x LM P_G A+ 0.1272925+ 0.035548
1.095675E-07x LN (BPD) x BPD? 0.0004215957x EFW : 0.0001549685x LN (LM P_GA) x LMP_GA?> 0.001224838x LM P_GA :
0.9469599+940.4648/BPD2— 0.05387099+ 0.9543317+20855.35/H02— 0.05202518+
EDVLR 278.9847x LN(BPD)/ BPD? 0.0001789679x pp 0009917 4437 48X LN (HC)/HC? 5.71136E-05x HC 0009528
EDVAR -10.4032+4-2.235013x LN (LM Pz A)+ 0.07003652+ 0.058119 0.8482351-1.873583E-08x AC3+ 0.08761315+ 0.055427

20.42147/v/LMP_GA

0.003342709x LM P_GA

4.139678E-09x LN (AC) x AC®

0.0003215126 x AC'
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Table S10: Regression function of the Z-score modeling for cardiac parameters of left heart structures. 1st and 2nd formu-
lation are the two with the highest correlation coefficients R?.

Function 1st Formulation 2nd Formulation
Parameter Mean SD R? Mean SD R?
"™ 1.864674+ 00002323954 EFW 1 0.05902700 1 0705790 23.76308710.2983405x VACT 0153187+ 0758152
0.3701066x LN (EFW) 0.0001061064x EFW " 10529.62/AC? 0.001485108 x AC :
30.56202-6474919/ EF W+ 7.603603- 52.94372-7. 775006 E-06 x HC* + 9.300826-
LVFAC 1261084% LN(EFW)/EFW> 0.000573232x EFW OO0 og0505E-06% LN (HC)/HC® 0.000558083x HC 082698
) 2.104454+21.81886/v EFW- 0.06046021+ 3.459365-19.49643 /v FL+ -0.007745745+ .
LvTvd 8.621264 /VEEW 3.641593E-05x EFW 770077 566.3431/ F L2 0.002286002x FL 707287
vy 009705434+0.0007898033x EFIV- 0.003772123+ oririae  -2-255069+0.00636083xUS MGA+ -0.4278197+ 0712084
LO0TI8IE-07x EFW?2 0.0001696602x EFW " 198.2682/US_M G A2 0.02338353xUS_MGA
51.14313-7230606/ EF W+ 9.71603- 43.28611-81728.89/ FL+ 11.51061- .
LVEF 1352585 % LN (EFW)/ EFW> 0.0006211700x EFw 027803 27398.28x LN (FL)/FL> 0.05197299% F L 0.027517
~76.80915-+ 5.218084 x v EFTW + 1.039452+ -150.041415.50245% US_MG A+ -63.97472+
Lveo 540870/ EF W2 0.02485017x EFy 0703983 3329.796/US_MGA 3.497176xUS MGA 098046
18.03511-6262256/ EF W2+ 6.224594- 33.32545-0.915703E-06 x HC® + 7.577169-
LVAVES 1233326 LN(EFW)/EFIW? 0.0004536017x EFW O 127092 604577E- 06 LN (HC) x HC? 0.007588091 x HC 0120849
-19.58081+2.144752x v/ LM P_G A+ 0.7435363- 92.44665-4.128972 % H O+ 0.7663993-
LVSI [ 0.056002 \ 0.053447
65.19614/y/ LM P.GA 0.002036999x LM P_GA 0.5379816x LN (HC) x VAC 0.0003106778x HC
19.35991-8279140/ EF W+ 6.267307- -33.91226-+ 8.186756E-06x HC5- 8.49406-
LVGLS 1585953x LN (EFW)/ EF 0.0006578839x EFW 142387 847065E-06x LN (HC) x HC? 0.01202862x rc 0130699
16.58337-8325034/ EF W2+ 6.574865- 31.35208-8.602250E-06 % HC® + 8.223250-
LVSWS 1591830% LN (EFW)/EF W 0.0005326542x EFW  O124252 4 10058E-06x LN(HC) x HC? 0.000077882xgC 119487
21.36914-8321668,/E F V> + 6.880087- 35.57002-7.490345E-06 % HC* + 8.814700-
LVEWS 1596709% LN (EFW)/ EFW> 0.0005655412x EFW P20y 006546E-06x LN(HC) x HC? 0.01044095x rc 0110180
0.8067635+2.994506E-08 x EFW>- 0.1998453 , 0.7607937-31.1362/ F L+ 0.1290826+ .
LVAPSE 6733.503/ EFW 4.409313E-05x EFWy 0090922 7.510771E-07x FL? 0.002462323x L 093036
-1.378879-40.342069x LN (EFW )+ 0.00853287+ 2.55602-482.6301/AC+ 0.02009236-+ ‘
LASID 3888.606/ EF1V2 3.720149E-05x EFW 0042046 20319.35/AC2 0.0005302848x AC 630711
LATD 1.03753940.01025639 x VEEW- 0.07683164+ ortsor  LSIBIT2AISARUS MGA+ -0.0387247+ 0707660
10.9819/VEEFW 4.737602E-05x EFW 0710 4.781249E-06x US_MGA? 0.006387036x US_MGA
vTwe | L179238+0.2971133X LN (EFW)- 0.06442285 + ornggr | 2.047384-0.523871 VIS MGA+ -0.02013893+ 0745500
0.6119201/VEEW 343047E-05x EFW 2.508526E-06x US_MG A 0.004691022x U5 MGA T4
-1.93525140.5849769x LN (EFW) + 0.1281248+ 3.239918-36.78750/US_MGA+ -0.01037544+
LVBALd 1.648718E-08x EF W2 5.164431E-05x EFW 0794829 1.353233E-05x U S_MGA® 0.00753454xUs_MGa 0T8T
LVBALs  -212T5TAH0551T424X LN(EFW )+ 0.1258557+ orssale  AT81376-16.59559/ VIS MGA+ 0.0181997+ R
s 4.666385E-00x EFW? 4.190002E-05x EFW 0780 6.133472E-06x US_MG A 0.005957071xUs_MGA OT78245
VEAd -1.231011+40.1707085 %  EFW- 0.07271678+ osigsgs | 20025T5H01548183xUS MG A+ -0.3512512+ 0.840064
0.01131768x LN(EFW) x VEFW  0.0001721220x EFW 85.63237/US_MG A2 0.02342422xUS_MGA
VEAe  T999069+1.164039x LN (EFIV)+ 0.05666393-+ 0814081 -5T18359-+1.228674x VTS MGA+ -0.2360179+ 0504560
s 98.57653 /v EFW 0.0001181835x EFW " 249.8127/U5_MG A2 0.01608048xUS_MGA 080
-1.40173+0.07673393x  EFW + -0.0215361+ -1.130387-+0.002039291 x US_MG A+ -0.7244621 + .
LVEVd 88.60880/ EFW 0.00028565x Ry 0503738 106.6378/US_MG A 0.03857304xUS_MGA 0790988
VEvs  -L026736+0.04178512x VEFT + -0.009578485+ 051875 14.04923-+0.8672236 x \/AC- -0.3004566+ 072658
6.875035/VEFW 0.0001594203x EFW " 4.90218x LN(AC) 0.002140061 x AC :
-4.28371441.23874Tx LN (EFW) + 0.2707162+ 10.98326-36.2709/v/US_MGA+ -0.04424353+
LVECLd 2.116746E-08x EFW? 0.0001206016x EFW 0781833 L.713075E-05x US_MGA? 0.01711873xUS.MGA 713887
 4.805037+1.177782x LN(EFW)+ 0.2510267+ 9.510801-219.3652/v/ TS _MGA+ 0.01725396+
LVECLs 7457.801/ EFW? 8.812646E-05x EFW 0759940 1457.288/US_MG A 0.01273978xUS_MGA T8
. -1759665+0.5340366 x LN (EFW)+ 0.1378099+ § 4.798156-15.54201 /v TS MGA+ -0.03875419+
[VECSWLd 1.018805E-08/ EF W2 6.58752E-05x EFW 0112637 7.736725E-06x US_MG A3 0.000483493xUS_MGA 70T
3.581948+41.33902x EFTW- 0.1361416+ 4.200547-96.4124/US_MGA+ 0007798248+
WVECSWLs 1 50038 LN(EFW)/VEFW  5.194338E-05x EFw 07141 620.724/US_MG A? 0.007642954xUS_MGA O T09TL
-2.534355+0.7080868 x LN (EFW) + 0.1501488+ 6.269032-21.04761 /v TS MGA+ -0.00523879+
LVECFWLA 1.005732E-08 x EF V2 5.76109E-05x EFW 0001142 8.801205E-06x US_MG A3 0.008453011xUS_MGA  O-TI2010
| 2.747917+0.656165% LN (EFW)+ 0.1350555+ A 7.71112-32.96173/VUS_MGA+ 0.009949803+ .
LVECFWLs 4501.647/ EF IV ATTIITE-05x EFW 0800316 324.4688 /U 5_MG A2 0.00685514xUS_ MGA 0791043
-1.94987+0.6712464x LN (EF W)+ 0.203426+ -4.663753+2.20583% LN (US_MGA) + -0.003075026 + .
LVEWd 2.807463E-08x EFW? 0.000105938x EFW 0530669 7.179089E-06x U'S_MGA? 0.01558071 xUS_MGA 002040
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Table S11: Regression function of the Z-score modeling for cardiac parameters of right heart structures. 1st and 2nd
formulation are the two with the highest correlation coefficients R2.

Function 1st Formulation 2nd Formulation
Parameter Mean SD R? Mean SD R?
BAA 20.3572807+0.01004366 x VEEW + 0.03190455 1 Osling 0092615351 19RIGRIE 0% ACTT 20.2469261+ 08071
4.208402E-08x EF W 0.0001535882x EFW - 2.641765E-09x AC* 0.002005378x AC :
26.85739-+8744.73 EFW- 7.565372- ‘ 12.51655-6030528/ HC2+ 8.079425-
RVFAC 1420705/ EF W2 5.923737E-05x EFW 141473 1504499x LN (HC)/ HC? 0.002277671xHC 0137802
1409063+ 5.166557E-05x EFW + 0.06103806-+ o -2.920393+1.168258x LN (US_MGA)+ -0.04932328+ .
RVIWd 0.3396737x LN (EFW) 4.206478E-05x EFW 0816456 3.725983E-06x US_MGA® 0.005991498xUs_MGA 810657
19.30026-8057394/ EF W24 5.861246- o 32.20007-6.792053E-06 x HC® 4 7.21751- ,
RVAVES 1534616 X LN(EFW)/EFW?  0.0002821175x EFw 0126546 1.112793E-06x LN (HC) x HC? 0.006796125xgc 0121169
3.037076+27271.18/ HC2- 0.7739113 3.042126+1962.96/ BPD>- 0.7625516-
RVSI 2.955429E-00HC3 0.001226816x HC 148996 1.01433E-07x BPD? 0.004301276x Bpp 148180
20.84051-7635953/ EF W+ 5.571939- -34.36028+ 7.615768E-06 x HC- 6.773313- .
RVGLS 1463751x LN (EFW)/EFW?  0.0002374645x EFWw  0-138868 1.253053E-06x LN (HC) x HC? 0.006024112x O 0134584
17.05642-6534083/ EF W2+ 5.768949- , 30.09654-0.002691753 % HC?+ 6.814411-
RVSWS 1280658 LN(EFW)/EFW?  0.0002413021x EFw 0143228 0.0004306542x LN (HC) x HC? 0.00537617x G 0140078
23.60241-8732073/ EFW >+ 6.436565- 36.41004-6.497086E-06 % H 3 + 7.23132-
T =4
RVEWS 1650367 LN (EFW)/EFW?  8.69366TE-05x EFW  U-100929 1.062016E-06x LN (HC) x HC? 0.003663613x HC 0096183
0.7880683-90.95603/ F L>+ 0.07450105+ 0.7946627-42.88253/ LM P_G A%+ 0.02426561+
RVAPSE 6.920215E-07x FL? 0.003255003x FL,  -080646 4.907084E-06x LM P_G A 0.007770367x LMP.GA 079200
- 5 | 5 -
RAgID  -LISTOTCHOSLOSBOKLN(EFW)+ 006008326+ oo 0.8503488-0.3490542 V AC+ 001992084+ 0762465
2.186158E-08/ EFIW 1.65217TAE-05x EFW 0.06635446x LN(AC) x SQRT(AC) 0.0006209756 % AC
-1.451434+0.3553153x LN (EFW) + 0.06777557+ ~1.67129940.1753057x /AC+ -0.02244589+ .
RATD 1.998109E-08x EF W2 4.768635E-05x EFW  -79°001 2067.237/AC? 0.0006383422x AC 0791596
| -2.305205-10.4766208x LN (EFW)+ 0.05775741+ A 3.985664-+1521.902/AC- -0.02296701+
RVIWs 53.63906/ EFW - 4.4795RE-05x EFw 0831263 407.3315xLN(AC() JAC ) 0.0005850619x AC 0524349
~1.83970740.5401441 x LN (EFW)+ 0.1278437+ 3975837+ 1.761879x LN (US_MGA)+ 0.02430321 +
RVBALd 1.661831E-08x EFTV2 3.287823E-05x EFW  O-8008%0 5.058127E-06x U S_MG A 0.005335943xUS_MGA 0799995
 2.26419440.5422686 % LN (EFW )+ 0.1166091+ -5.719623+2.146721 x LN (U S GA) + 0.04178718 +
RVBALs 7107.395/ EFW? 2.681256E-05x EFw  0-803664 109.1453/US_MGA? 0.00406925xUS_MGA 790922
| - 5 ~| 36
RvEAd  OBIOSTS2H0.06573961 < VEFT + 0.07015977+ Osrrssy 2028705853508 VU MGA+ 03360471 ¢ 0869651
2.456326E-08x EFW’ 0.0001513809x EFW 1.038513E-05x US_MG A 0.02186715x U'S_MGA
-0.6741487+0.05225725x VEEFW + 0.0441048+ e 4.886857-0.2174811x US_M G A- -0.2804053+
RVEAs 7355.056/ EFW? 0.0001214548x EF 0861933 2.95697x LN (US_MGA) 0.01788142xUS_MGA 0893891
-3.401776.+0.000222163x EFT + 0.2538517+ -7.986457+3.514150% * LN (US_MGA)+ 0.03305888 +
RVECLd 1.01673x LN (EFW) 7.524191E-05x EFWw 0822614 1.503531E-05x U S_ MG A? 0.01167436xUS_MGA 0810168
4.008031+1.135068x LN (EFW)+ 0.2198554+ 13.84215-61.75731 VU S MG A+ 0.03403488 +
RVECLs 16067.08/ EFW? 6.017586E-05x EFW 0822589 749.9282/US_MG A 0.009744025xUS_MGA 0516823
-1.560915+0.472927x LN(EFW)+ 0.118579+ 1.028331-12.88484//US MG A+ ~0.007694751+
)
RVECSWLd 1.849755E-08/ EF W2 4757512E-05x EFW O TO81TA 0.875425E-06xUS_MG A 0.006849721xUS_MGA O TP1387
1.705350+0.4459418x LN (EFW )+ 0.1033403+ L 3.5350184 1.479227x LN (US_MGA) + 0.001755043+
RVECSWLs 1.052153E-08x EF V2 3.000374E-05x EFw 0780590 3.250253E-06x U'S_MGA? 0.005517259xUs_MGa  -T74622
-2.074261+0.000132008x EF W + 0.1492749+ -4.720778+2.036987x LN (US_MGA)+ 0.0005216611+
RVECFWLd 0.5898500% LN (EFW) 4.806719E-05x EFW 0812947 8.962827E-06x U S_M G A® 0.007754346xUs_mGa 807089
 2.911349-+0.6472114x LN (EFW) + 0.1323820+ 5.22602-136.4886/US_MG A+ -0.006835736+ .
RVECFWLs 12209.30/ EFW 4.645205E-05x EFw - T82789 1037.531 /U S_MGA> 0.00733020xUS_MGA  OTTTO85
-2.20175+0.7193741x LN (EFW) + 0.2137716+ . -13.54074+2.959407x LN (AC) + -0.09511662+ .
RVEWd 2.731639E-08x EF W2 0.0001693162x EFWw 0299621 15544.05/AC? 0.002210211x AC 0-557271
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