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Over the years, there have been several improvements in ultrasound technologies including high-resolution

ultrasonography, linear transducer, radiant flow, three-/ four-dimensional (3D/4D) ultrasound, speckle tracking of the fetal

heart, and artificial intelligence. The aims of this entry are to evaluate the use of these advanced technologies in obstetrics

in the midst of new guidelines on and new techniques of obstetric ultrasonography. In particular, whether these

technologies can improve the diagnostic capability, functional analysis, workflow and ergonomics of obstetric ultrasound

examinations will be discussed. 
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1. Introduction

Ultrasound is widely used in obstetric practice to detect fetal abnormalities with a view to provide prenatal opportunities for

further investigations including genetic testing and discussion of management options. In 2010, International Societies of

Ultrasound in Obstetrics and Gynecology (ISUOG) published the practice guidelines on the minimal and optional

requirements for a routine mid-trimester ultrasound scan . Recently, The American Institute of Ultrasound in Medicine

(AIUM) suggests a detailed diagnostic second/third trimester scan for high-risk pregnancies , and fetal

echocardiography for at-risk pregnancies . ISUOG has published recent guidelines on indications and practice of

targeted neurosonography . Although the introduction of prenatal cell-free DNA-based screening for Down syndrome

has changed the role of the first trimester scan, the latter should still be offered to women . Around 50% of major

structural abnormalities can be detected in the first trimester . In addition, a recent study showed that a routine scan at

around 36 weeks’ gestation can detect around 0.5% of previously undetected fetal abnormalities, as well as fetal growth

restriction (FGR) .

The detection rate of fetal abnormalities varies, depending on anatomy survey protocol, ultrasound equipment and setting,

among other factors . A high-resolution ultrasound can facilitate a detailed diagnostic scan and a first-trimester scan and

allow the detection of a small or subtle abnormality . Although a detailed diagnostic scan is not required for all

pregnant women, the indications include family history of congenital malformation, maternal age 35 or above, gestational

diabetes mellitus, artificial reproduction technology, body mass index >= 30, teratogen , fetal nuchal translucency >=

3mm, and many other conditions . In the midst of such increasing standards of obstetric ultrasound examination, there is

a demand on improving the diagnostic capability, functional analysis, workflow, and ergonomics. Over the years, there

have been several improvements in ultrasound technologies including high-resolution ultrasonography, linear transducer,

radiant flow, three/four-dimensional (3D/4D) ultrasound, speckle tracking of the fetal heart, and artificial intelligence.

2. High-Resolution Ultrasonography

High-resolution ultrasonography includes the use of a high-frequency transducer, and the means of enhancing image and

signal processing including harmonic imaging (HI), spatial compound imaging (SCI), and speckle reduction imaging (SRI).

Compared to a transducer with the low-frequency range (2 to 5 MHz), a transducer with the high-frequency range (5 to 9

MHz) can allow for improved resolution though with limited tissue penetration. HI, utilizing the physics of non-linear

propagation of ultrasound through the body tissues, can produce high-resolution images with few artifacts. SCI, combining

multiple lines of sight to form a single composite image at real-time frame rates, can reduce angle-dependent artifacts.

The use of SRI can reduce speckles or disturbances that result from the echo, which is projected from an ultrasound

transducer.

For a targeted neurosonographic examination, ISUOG recommends the use of high- resolution transvaginal transducers

whenever possible . An alternative is to use high-resolution transabdominal transducers with high frequency reaching 8–

9 MHz . The anatomy of the fetal brain is examined in details on a continuum of transverse, sagittal and coronal planes (

Figure 1 a–d, Video S2a,b ).
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Figure 1. High-resolution ultrasonography of the fetal brain at 20 weeks’ gestation: transverse views showing (a) posterior

horn of the lateral ventricle (Vp), (b) cavum septi pellucidi (C.S.P.), (c) cerebellum (Cereb), Cisterna magna (CM), nuchal

fold (NF), and sagittal view showing (d) corpus callosum (CC), thalamus (TH), brain stem (BS), and cerebellar vermis

(CV).

Larynx and its movement can be assessed by prenatal ultrasound ( Figure 2 and Video S4 ). In at-risk fetuses such as

those with laryngeal atresia  and congenital diaphragmatic hernia, prenatal ultrasound allows systematic examination

of the larynx, including vocal cords to detect laryngeal anomalies .

Figure 2. High-resolution ultrasonography of the fetal neck at 21 weeks’ gestation: sagittal view showing larynx (Lar) and

trachea (T).

3. Linear Transducer

With a high-frequency ultrasound, a linear transducer can produce high-resolution images of shallow structures and small

parts. Unlike curved transducers, linear transducers produce a rectangular field of view with uniform beam density

throughout all tissue levels and without divergence in deeper tissue. The use of a transabdominal linear transducer can

enhance the examination of the spinal cord and conus medullaris in the midsagittal view of the spine . Some

abnormalities such as cataract  and laryngeal atresia  can be well demonstrated using a linear transducer.
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A linear transducer can be used to examine fetal structures in the first trimester ( Figure 3 a–d). However, a linear

transducer is not suitable for using if the structures of interest are deep or the maternal abdominal wall is thick. Although a

linear transducer can allow the examination of the fetal cardiac anatomy at 11–13 weeks , it is the use of color flow

mapping but not of a linear transducer that improves the examination .

4. 3D/4D Ultrasound

After a 3D volume acquisition of the fetal spine at mid-sagittal plane, a rendered view of the fetal spine can be well

displayed with various modes ( Figure 4 a,b). In addition, the coronal planes at the level of the vertebral bodies and/or

posterior arches can be reconstructed on multiplanar analysis .

Figure 4. Three-dimensional rendered views of fetal spine at 20 weeks’ gestation after a volume acquisition with skeletal

mode: (a) usual mode, and (b) X-ray mode.

It is difficult to visualize esophagus on 2D ultrasound examination. The use of 3D ultrasound with multiplanar analysis and

Crystal Vue rendering may make the visualization possible . Three-dimensional (3D) volumes are acquired from a

midsagittal section of the thorax and upper abdomen with the fetus lying in supine position.

With advances in STIC, the derived data can be used for 3D printing of the fetal heart, which is a fast-moving structure

. In a recent case report, the authors found that the 3D model was useful in showing the complex anatomy of fetal

transposition of great arteries and in providing prenatal parental counseling .

Previously, after acquisition of a 3D/STIC volume dataset, a number of post-processing steps are required to convert it

from Cartesian.vol file through segmentation, refinement, and optimization to a STL (Standard Triangle Language) file, the

industry standard file type for 3D Printing . These steps take a long time, and whether the final produced STL file is

good enough for 3D printing is not certain before processing. With recent advances in ultrasound technology, a 3D/STIC

volume dataset can be directly exported from the ultrasound machine as an STL file that is ready for viewing on a

personal computer using common software as well as for 3D printing ( Figure 5).
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Figure 5. A physical model of three-dimensional printing of the fetal face.
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