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Abstract—Cardiac ultrasound measurements such as left
ventricular volume, ejection fraction (EF) and mitral annular
plane systolic excursion (MAPSE) are time consuming and highly
observer dependent. In this work, we investigate if deep neural
networks can be used to fully automate cardiac ultrasound
measurements in real-time while scanning. One neural network
was used for identifying and separate the cardiac views while
a second neural network performed segmentation of the left
ventricle. By using TensorFlow, FAST and the highly optimized
cuDNN backend real-time runtime of the entire pipeline was
achieved with an average frames per second of 43, thus enabling
these measurements to be performed while an operator is
scanning. The measurement accuracy was evaluated using a
Bland-Altmann analysis on a dataset of 75 patients resulting
in (−13.7 ± 8.6)% for EF and (−0.9 ± 4.6) mm for MAPSE. It
is concluded that deep learning can be used to fully automate
these measurements, however more work remains to improve the
accuracy.

I. I NTRODUCTION
Automated measurements in echocardiography has
the potential of improving workflow by reducing time
spent on manual annotation and contouring. It can also
reduce interobserver variability known to be significant in
echocardiography. In order to fully automate measurements
such as volume, ejection fraction (EF) and mitral annular plane
systolic excursion (MAPSE) several automated components
are needed.
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In order to estimate the left ventricle (LV) volume in
2D echocardiography, a typical convention is to acquire two
standard views of the heart. The most common views for
this task are the apical four-chamber (A4C) and two-chamber
(A2C) views. A fully automated system needs to recognize
these views, which has shown to be possible with deep
neural networks [1], [2]. Another essential step for automating
cardiac measurements is image segmentation. This has been
an active research area for several decades for both 2D and 3D
ultrasound, and recently it has been shown that deep neural
networks can also perform this efficiently and accurately
[3–6]. In addition to view classification and segmentation,
the estimation of end-diastole and end-systole, as well as
extraction of apex and base landmarks is needed.
This paper presents methods for automating all of these
necessary steps in real-time using deep convolutional neural
networks. The accuracy and speed of the methods were
measured, and a video posted online demonstrates the software
while it is used to perform cardiac measurements real-time by
streaming ultrasound images directly from a GE Vivid E95
scanner.
II. M ETHODS
A. View classification
As mentioned, volume and MAPSE measurements are
typically performed on apical four- and two-chamber views,
thus a detection of views are needed for storing valid data
in a buffer. In this work, the view classification network of
Østvik et al. [1] was used. It uses inception blocks and a
dense connectivity pattern, and was trained with images from
about 200 patients, and validated on an independent dataset

