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Summary

Objective: This study aims to quantitatively evaluate the effect of acoustic radiation force impulse imaging (ARFI) in neonatal brain
development. Materials and Methods: The authors observed 41 neonatal brain different tissues by using traditional two-dimensional gray
scale ultrasound and color Doppler flow imaging and frequency spectrum ultrasound. After that they used ARFI to quantitative evalu-
ate white and gray matter of neonatal different tissues in brain with different gestational ages. They also used new technical index: vir-
tual touch tissue quantification (VTQ) to evaluate elastic changes of brain tissues. Results.: Different tissues in brain had different elastic
numerical values. Neonatal with different gestational ages had different elastic numerical values. The more gestational ages were, the
more the elastic numerical values. Elastic numerical values between preterm and full-term infants were different. Elastic numerical val-
ues of full-term infants were higher than preterm infants. Conclusion: ARFI provides a new quantitative index to evaluate neonatal
brain development. It increases objectivity and reliability of clinical analysis. Ultrasound was a noninvasive examination method, safe,

simple, and convenient, and it has more usefulness of ARFI in quantitative evaluation of neonatal brain development.
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Introduction

Neonatal brain tissue and the function is in the process of
development, and as a result of the existence of a variety of
diseases, brain development can be blocked or brain dam-
age, cause the functional and structural abnormalities, clin-
ical manifestation of cerebral palsy, epilepsy and other
neurological diseases [1-3]. Neonatal head ultrasound in
neonatal cerebral disease diagnosis is of great significance,
through analyzing the characteristics of the cerebral ultra-
sound, observation of brain volume size, the width of the
gyri and craniocerebral overall the echo intensity, can eval-
uate neonatal brain development mature conditions, and
change with gestational age can present different charac-
teristics [4-7]. However, how to quantify the change to
guide the evaluation of the degree of brain development is
still a clinical problem remaining to be solved [8-10].
Acoustic radiation force impulse imaging (ARFI) is a good
method for us in evaluating the maturity of infants’ brain.
Now ARFI has been widely used in liver, kidney, thyroid,
breast, pancreas and so on [11-16]. However, ARFI has
been little used in brain. This article analyzed quantitatively
neonatal cerebral white and gray matter with different ges-
tational ages by Virtual touch tissue quantification (VTQ)
of ARFI, and discussed the value of VTQ to evaluate
neonatal brain development.
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Materials and Methods

Patients

Forty-one consecutive newborns were selected from the de-
partment of gynecology and obstetrics of First Hospital Affiliated
to Shanghai Jiaotong University from March 2012 to October
2012; male 22 cases, female 19 cases, gestational ages < 37 weeks
16 cases, > 37 weeks 25 cases. All neonates were appropriate for
gestational ages (AGA). The exclusion criterion were jaundice of
the newborn, aspiration pneumonia, neonatal brain injury and
pregnancy complicated with diabetes mellitus, pregnancy induced
hypertension, anemia and heart and lung diseases, et a/. This study
was conducted in accordance with the declaration of Helsinki and
with approval from the Ethics Committee of Shanghai First Peo-
ple’s Hospital, School of Medicine, Shanghai Jiaotong Univer-
sity. Written informed consent was also obtained from all
participants before ARFI examination.

Acquisition of the ARFI1

Real-time ARFI was performed by using diagnostic ultrasound
system equipped with 4C1 (3.5 MHz) probe. All the examinations
were performed in succession by two independent sonographers.
Both of them had more than ten years’ experiences in ultrasonic
scanning. They were blinded to the colposcopic findings and
physical exam results when performing.

Conventional ultrasound

Neonates that were born in one to three days were placed in a
supine position in a quiet state. All participants were examined by
brain US using the anterior fontanelle as the acoustic window.
Conventional sonography was used to observe skull continuity,
midline brain was centered, echo of brain parenchyma, lateral
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Figure 1. — The value of VTQ of different parts of brain tissues in full-term infants. A) The value of VTQ of parietal white matter in
full-term infants was 1.26 m/s; B) the value of VTQ of thalamic and basal ganglia in full-term infants was 1.46 m/s; C) the value of VTQ

of cerebellum in full-term infants was 1.65 m/s.

Table 1. — Comparison of VTQ between preterm and full
term infants.

Position VTQ (m/s) )4
<37w >37w

Parietal white matter 1.12+0.43 1.34+£0.33 <0.05

Thalamic 1.21 £0.51 1.53+£0.35 <0.05

Cerebellum 1.33+£0.41 1.62 £0.31 <0.05

Cerebral falx 1.95+0.52 2.23+0.48 <0.05

ventricle, cerebral transverse diameter, lateral ventricle width, and
superior frontal gyrus width were measured. Color Doppler was
used to access the blood supply of the brains. Including middle
cerebral artery, anterior cerebral artery, posterior cerebral artery
and vertebral basilar artery.

ARFI

Switching to the ARFI elastic model, VTQ was used to meas-
ure the elasticity of neonatal cerebral white and gray matter, which
included parietal white matter, thalamic and basal ganglia, cere-
bellum, a hippocampus, medulla oblongata, and cerebral falx.

Virtual touch tissue quantification

In the VTQ model, ROI (510 mm) was placed inside the
brain and the depth of the regions of interest (ROI) was less than
80 mm. All the structures of newborns brain were observed. For
more accurate and objectively derived elastic parameters, oper-
ators were asked to handle with care and probe on the cranial
surface. It was continuously measured three times randomly, and
the average value was calculated as the VTQ value (meter per
second). Care was taken to avoid vascular structures when
measured.

Statistical analysis

All statistical analysis used SPSS version 17.0 software. All
measured data are presented as the mean + standard deviation.
Groups of premature infants and full-term infants were compared
using the Student U test and Analysis of variance. A p < 0.05 was
considered statistically significant.

Results

Echo intensity quantitative analysis

The authors used VTQ to quantitative analysis echo in-
tensity in different parts of brain tissues. It showed that the
value of VTQ of parietal white matter was 1.34 £ 0.33 m/s,
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Vs=0.84 m/s
Depth=7.0 cm

Figure 2. — The value of VTQ of cerebellum in preterm infants
was 0.84 m/s.

thalamic and basal ganglia were 1.53  0.35 m/s, cerebellum
was 1.62 = 0.31 m/s, and cerebral falx was 2.23 + 0.48 m/s
(Figure 1A-C).

Brain echo intensity

The authors measured the value of VTQ of echo intensity
in different parts of brain tissues in different gestational
ages of 41 infants; it showed that the value o VTQ of pari-
etal white matter, thalamic and basal ganglia, cerebellum
and cerebral falx gradually increased with increased gesta-
tional ages. The value of VTQ of preterm infants were ob-
viously lower than full term infants (p < 0.05) (Table 1,
Figure 2).

Discussion

ARFT is a new elastic imaging technology, it uses acoustic
radiation force to fire pulse, and it can cause instantaneous
(<1 s) and tiny micron displacement in ROI of the body. At
the same time, it produces shear wave at transverse vibra-
tion. The computer can test and calculate the speed of shear
wave, which is called shear wave velocity and shear wave
velocity is on behalf of the elasticity of tissue. The higher the
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shear wave velocity is, the larger the coefficient of elastic-
ity is. This is VTQ of ARFI, It does not rely on the pressure
of the probe, so it has more objectively [17-21]. This tech-
nology can be utilized to quantitative evaluate the echo in-
tensity of neonatal brain.

From the present study, brain tissue of different parts of
echo intensity quantitative analysis in full-term infants
showed that the value of VTQ of parietal white matter was
1.34 £ 0.33 m/s, thalamic and basal ganglia was 1.53 +£0.35
m/s, cerebellum was 1.62 +0.31 m/s, and cerebral falx was
2.23 +0.48 m/s. The proportion of increase was accordance
with brain development. It can be more intuitive to under-
standing the situation of echo intensity in different brain
tissues.

The brain development originates in ectoderm. Myeli-
nation of brain takes place at about 20 weeks of gestational
ages. From the bottom to top, from central to peripheral,
from dorsal to ventral, from sensory fibers into motor
fibers. That is to say, the development of myelination of
brain is from brain stem to thalamic and basal ganglia to
each lobe of brain. It suggests that development of thala-
mus and cerebral falx were more early and mature [22, 23].

The present results show that different brain echo inten-
sity occur at different gestational ages. The value of VTQ
in preterm infants were obviously lower than that of in full
term infants. Brain development in preterm infants are
more immature than full term infants [24, 25].

Neonatal head ultrasound is with the aid of before and
after anterior fontanelle and lateral anterior fontanelle as
the acoustic window, for cerebral coronal and sagittal scans.
Its advantages include bed check, no radiation damage and
low cost, do not need to be calm, can be repeated many
times, and is the first choice for the premature infant brain
injury. Its disadvantages are the need of the operator to have
experience and has certain limitations of craniocerebral pe-
ripheral lesions. Therefore, it remains to be combined with
other imaging examination methods such as MRI [26, 27].

In conclusion, the value of VTQ is a very useful quanti-
tative index in evaluation of the neonate brain develop-
ment. ARFI is a safe, noninvasive, simple, and convenient
technologys; it can play a greater role not only in evaluation
of the neonate brain development, but in diagnosing dis-
eases in neonate brain, including preterm, and full term in-
fants, and will be the topic of the present authors’ future
study.. While AFRI is still in the preliminary clinical ap-
plication stage, more cases must be observed to accumu-
late experience.
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