
 
 

 

 1 

The 47th Conference of The Canadian Medical and Biological Engineering Society - La Société Canadienne de Génie Biomédical 

The 26th Conference of the Atlantic Canada Clinical Engineering Society 

Automatic segmentation of the left ventricle from pediatric echocardiography 

images using SegFormer architecture  

Melisa Mateu1, Jimena Olveres-Montiel2, Boris Escalante-Ramírez2, Marie Josée Raboisson3, Joaquim 

Miró3, Luc Duong1  

1 Department of software and IT engineering, École de Technologie Supérieure, Montreal, Canada 
2 Department of electrical engineering, Universidad Nacional Autónoma de México, Mexico City, Mexico. 

3 Department of cardiology, Centre Hospitalier Universitaire Sainte – Justine, Montreal, Canada 

 

 

 

Abstract— Echocardiography is the most widely used imag-

ing technique for congenital heart disease (CHD) detection, as-

sessing risk, and guiding treatment strategies in pediatric cardi-

ology. However, interpreting and analyzing these types of 

images can be challenging due to their complexity, which is 

some cases leads to inter-observer variability. This research 

work aims to develop an automated left ventricle (LV) segmen-

tation method for pediatric echocardiography images using a 

semantic transformer model known as SegFormer, for aiding in 

the measurement of clinical image technique. Semantic trans-

formers have demonstrated exceptional performance in seg-

mentation tasks in recent years, making them a suitable choice 

for this application. To achieve accurate LV segmentation, the 

SegFormer model is trained using the EchoNet-Peds dataset, 

which consists of annotated pediatric echocardiography videos. 

The experimental results include segmented left ventricle im-

ages, evaluated in accuracy, mean absolute error (MAE), recall 

and dice score metrics for performance comparison with other 

pediatric segmentation method.  

Keywords— Echocardiography, segmentation, left ventricle, 

SegFormer. 

INTRODUCTION  

 Congenital heart disease (CHD), affects approximately 

40,000 births just in the USA per year and about 1 in 4 is 

critical and will need surgery [1]. According to [2], congeni-

tal heart disease can be defined as “a gross structural abnor-

mality of the heart or intrathoracic great vessels that is actu-

ally or potentially of functional significance”. The CHD are 

leading cause of infant mortality and can result in chronic 

disabilities or morbidities [3], [4].  

For detecting congenital heart disease in pediatric patients, 

cardiologists use echocardiography, a non-invasive imaging 

technique used for heart analysis [5], [6]. In an echocardiog-

raphy study, abnormalities in the left ventricle (LV) suggest 

the presence of a cardiopathy, this is why for cardiologists, 

echocardiography is a very important clinical technique to 

assess cardiac functions by measuring the heart’s ejection 

fraction or the volumes at the end of systole (ES) and end of 

diastole (ED) in the cardiac cycle. To achieve these quantifi-

cations, the heart’s analysis is based on the LV, which is re-

sponsible for the blood supply to the body. However, echo-

cardiographic images can be complex to analyze [7], due to 

the low-quality images with low-contrast regions and speckle 

noise, in comparison to other medical imagining techniques. 

These disadvantages often affect interobserver variability, 

which can negatively impact the accuracy and efficiency of 

the diagnostic process by increasing subjectivity and reduc-

ing the inter-reader reliability [8], [9].  

For these reasons, this work proposes the development of 

a segmentation method that uses pediatric echocardiography 

and the novel SegFormer architecture, to accurately segment 

the left ventricle in pediatric patients. This as part of a project 

to developed a reliable computational system capable of clas-

sifying CHD to aid in the processing of echocardiography by 

offering a tool to reduce the interobserver variability in chil-

dren.  

The goal of the present work, is that by using a newly se-

mantic transformer technique, achieve a pediatric left ventri-

cle segmentation performance comparable to the EchoNet-

Pediatric, the only computational pediatric segmentation 

method currently available, which reports a mean dice score 

of 0.89 for two different cardiac views. 

METHODOLOGY 

Dataset 

We used the publicly available EchoNet-Peds dataset [10], 

acquired as part of routine clinical care at Lucile Packard 

Children’s Hospital at Stanford University between 2014 and 

2021, and published in 2022. This dataset contains echocar-

diography videos and their human expert annotations.  
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 EchoNet-Peds includes 3,176 videos of apical four-cham-

ber (A4C) view (Fig. 1A), and 4,424 parasternal short axis 

(PSAX) view videos (Fig. 1B), both views of patients rang-

ing from 0 - 18 years, and the human expert annotations that 

includes the ejection fraction measurements, and tracings of 

the left ventricle of these echocardiography videos. 

 

 

Figure 1: Cardiac ultrasound different views, illustration 

and image examples. Source: [11] 

SegFormer architecture 

SegFormer is a state-of-the-art transformer framework for 

semantic segmentation, designed to balance efficiency, accu-

racy, and robustness.  

Semantic segmentation extends image classification by 

moving from classifying entire images to assigning labels at 

the pixel level. This type of technique has demonstrated ex-

ceptional performance in segmentation tasks in recent years, 

making them a suitable choice for this work application.  

SegFormer is an efficient and powerful semantic segmen-

tation architecture, illustrated in Fig. 2, that integrates trans-

formers with lightweight multilayer perceptron (MLP) de-

coders.  

This architecture stands out for two keys features 1) Seg-

Former employs a novel hierarchically structured Trans-

former encoder that generates multiscale features. Unlike tra-

ditional models, it does not rely on positional encoding, 

eliminating the need for interpolating positional codes. This 

prevents performance degradation when the testing resolu-

tion differs from the training resolution. 2) Instead of using 

complex decoders, SegFormer utilizes an MLP decoder that 

aggregates information from various layers. This design ef-

fectively combines local and global attention, resulting in ro-

bust feature representations and improving segmentation per-

formance [12], [13], [14]. 

 

 

Figure 2: SegFormer architecture consists of two main 

modules 1) a hierarchical transformer encoder to generate high-

resolution crude features and low-resolution fine features; and 

2) a lightweight all-MLP decoder to fuse these multi-level fea-

tures to produce the final semantic segmentation mask.  

Source:[12] 

Segmentation of the left ventricle 

 

For segmenting the LV pediatric patients’ echocardiog-

raphy, the frames at the end of systole and at the end of dias-

tole were extracted from each cardiac ultrasound video. Also, 

the binary mask for each one of these frames was created by 

using the annotations included in the EchoNet-Peds database. 

The SegFormer was trained using a dataset of the previous 

extracted frames and their masks, resized to 256x256. The 

complete dataset was divided in 80%, 15%, 5% for train, test 

and validation and the Adam optimizer was used with a learn-

ing rate of 6E-7 in a 30 epochs training.  

One model was trained for the end of the systole and an-

other model was trained for the end of the diastole for each 

cardiac view included in the dataset (A4C and PSAX). 

The results of the SegFormer for the segmentation task of 

each model were evaluated for accuracy, dice similarity, re-

call and MAE, based on the annotated masks from the human 

expert and the ones generated from the SegFormer.  

 RESULTS 

The SegFormer trained for this pediatric LV segmentation 

task has as output an estimated binary mask of the left ven-

tricle, for each view (A4C and PSAX) and each part of the 

cardiac cycle (ED and ES). In Table 1, an example of the re-

sults obtained from the model is shown. 
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Table 1: SegFormer left ventricle’s pediatric output mask (pink) compare to the expert’s annotated mask (blue) 

View 

Cardiac cycle moment 

End of Systole End of Diastole 

Apical four 

chamber 

(A4C) 

 

 

Parasternal 

Short-Axis 

(PSAX) 

  

The mask obtained from the SegFormer training (pink) is 

compared with the expert’s annotated mask (blue). Addition-

ally, both masks are overlapped on the original cardiac ultra-

sound frame for visual perspective. As well, in Fig 3, an over-

lapping between both masks and the image is shown. 

 

 

Figure 3: SegFormer output mask (pink) overlapped on its 

corresponding annotated mask (blue) and cardiac ultrasound 

image. Diastole PSAX view (left) and diastole A4C view (right).  

 

It can be noticeable that the masks predicted from the seg-

mentation model and the ones previously annotated from the 

experts show similarities in shape for every case. However, 

the masks are not equal, while the ones annotated have a 

more geometrical shape, the predicted masks tend to have a 

more anatomical shape, showing curves more similar to the 

LV shape observed directly from the echocardiography. 

 

In Table 2, the metrics’ results are shown for both views, 

at the end of diastole and end of systole. Also, the mean value 

of each metric is included to provide a more general idea of 

the results obtained.  

It can be observed that the model has a high accuracy for 

both views, being slightly higher for the PSAX ones. How-

ever, this pattern is the opposite for the rest of the metrics, 

where the A4C view results are higher, or in the MAE case 

lower, in comparison with the PSAX view. Although, the 

metrics for both views showed good results.  
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Table 2: Metrics evaluated on the SegFormer perfor-

mance for LV segmentation of pediatric patients at ED - ES 

Metrics 

SegFormer 

A4C view PSAX view 

Accuracy 0.967 (0.966 – 0.969)  0.969 (0.970 – 0.968) 

Dice score 0.855 (0.880 – 0.831) 0.846 (0.888 – 0.804) 

Recall 0.815 (0.874 – 0.756) 0.794 (0.863 – 0.725) 

MAE 0.031 (0.033 – 0.030) 0.030 (0.029 – 0.032) 

 

In Table 3, a comparison between the Dice Score of the 

SegFormer model and EchoNet-Pediatric model is done. 

Both models were trained in segmenting the pediatric LV and 

used the same EchoNet-Peds dataset.  

 

Table 3: Dice score comparison between left ventricle’s 

pediatric segmentation models at ED - ES 

Model 

Dice Score 

A4C view PSAX view 

EchoNet-Pediatric 0.891 (0.889 – 0.894) 0.896 (0.894 – 0.898) 

SegFormer 0.855 (0.880 – 0.831)  0.846 (0.888 – 0.804)  

 

The comparison is done using the Dice score results at the 

ED and ES, and the mean value between them. It can be seen 

that the results of the SegFormer segmentation are compara-

ble to the EchoNet-Pediatric model, both are in the 0.8 order. 

However, the SegFormer performance on this metric showed 

to be lower than the results obtained by the EchoNet-Pediat-

ric for both cardiac ultrasound views.  

CONCLUSION 

The SegFormer architecture accomplished the segmenta-

tion task with very high metrics of accuracy and Dice score, 

and lower values of MAE. The masks obtained from this 

model present more soft curves, similar to the ones shown on 

the left ventricle echocardiography images. However, in 

comparison with EchoNet-Pediatric model, SegFormer 

showed a lower Dice score value for each view of the pediat-

ric echocardiography.  

The semantic Transformer, SegFormer, has proven to be 

suitable for this medical imaging segmentation task, having 

good results than can be improved for providing clinicians a 

novel computational tool that can reduce analysis time and 

efficiently process large amounts of data, and in a future ap-

plication support the diagnostic process of congenital heart 

disease of pediatric patients. 
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