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Fetal Behavior assessed by Four-dimensional Sonography
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ABSTRACT

The Kurjak’s antenatal neurodevelopmental test (KANET) is
currently used by many centers in everyday clinical practice as
the investigational tool for normal and high-risk fetuses. It has
acceptable sensitivity and specificity, adequate positive and
negative predictive vales, inter- and intra-observer realiability,
and can be easily learned by US specialists with access to 4D
US machines. The aim of the KANET is to be widely applied in
clinical practice for the selective screening of fetuses with moder-
ate and high neurological risk; hopefully, the early detection of
these fetuses would allow at last the diagnosis of severe cases
in utero and also an early intervention that could improved the
outcome for these neonates.
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INTRODUCTION

In utero behavior of the fetus is assessed with the assis-
tance of ultrasound (US) technology, through direct
observation in utero of real-time movements and activi-
ties of the fetus.' The US technology that is now used in
everyday clinical practice allows us to study not only the
anatomy, but also the movements and behavior of the
fetus in real time. It has been shown that fetal behavior
has a specific pattern that corresponds to brain matura-
tion of the fetus at each week or trimester.* Both anatomic
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and functional development of the human brain is a
complex and long-lasting procedure that goes through
strictly structured developmental stages, which start
from the second month of gestational age and continue
after birth up to adult life.* The cornerstones of human
brain development are demonstrated in Table 1.* This
process cannot be always predetermined, as it is affected
by a variety of genetic and epigenetic factors and can be
influenced by incidents that may occur during any time
during pregnancy. In cases of prematurity, no matter
how intensive neonatal units have progressed to be,
we still have not reached a point where the conditions
of ex life are similar to in utero ones, making extremely
premature neonates more susceptible to neurological
problems.>® The degree to which the brain develop-
ment will be affected by external factors (genetic
factors, external stimuli, pathological conditions, or
even environmental changes) is uncertain and cannot
be predicted. So, neurological impairment is a great
challenge, as its diagnosis in utero is very difficult,
and even when we suspect it, we are often unable to
detect the degree to which the fetus will be affected.
What is more we cannot be certain of the exact time
that the damage occurs: antepartum, intrapartum, or
postpartum, as the diagnosis is most often done after
birth.* The diagnosis of neurological impairment is one
of the greatest challenges in obstetrics and the cause

Table 1: Major events in neural development

Developmental event Peak time of occurrence

* Primary neurulation (dorsal
induction)

3—4 weeks antenatally

» Prosencephalic cleavage
(ventral induction)

5-6 weeks antenatally

» Neuronal proliferation
Cerebral 2—-4 months antenatally

Cerebellar 2-10 months postnatally

* Neuronal migration
Cerebral 3-5 months antenatally

Cerebellar 4-10 months antenatally

* Neuronal differentiation

3 months — birth

6 months—1 year postnatally

Axon outgrowth

Dendritic growth and synapse

formation
» Synaptic rearrangement Birth — years postnatally

* Myelination Birth — years postnatally
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and effect relationship of neurological disabilities most
of the times is uncertain. A method that could assess
fetal behavior and, as a result, assess the neurological
integrity of the fetus would be one that would provide
highly useful information.®” Kurjak’s antenatal neuro-
developmental test with the use of four-dimensional
(4D) US assesses fetal behavior in a similar way that a
neonate is assessed postnatally, and we now have robust
evidence from multicentric studies that it can be used
in everyday clinical practice.

The Evolution of Fetal Movements and Fetal
Behavior Assessment with US

The cerebral growth and maturation of a fetus appear to
be represented by its behavior in utero,®° while studies
have shown that their movements are very good indica-
tors of neurobehavioral organization and of the future
neurological integrity of the fetus.'*"” Two-dimensional
(2D) US allowed up to a point the complete evaluation
of the fetal anatomy and gave the opportunity to view
fetal movements. One the pioneering studies about the
importance of fetal movements was published more
than three decades ago offering the first knowledge in
this new field of fetal medicine and, at the same time,
the inspiration to study the fetal behavior as a whole
in utero.'® de Vries et al' followed and analyzed the
qualitative and quantitative aspects of giving more
details on the movements and a more methodological
way of studying them.?’2!

Based on the first analysis of fetal movements by 2D
ultrasonography, de Vries classified movements into
different patterns as follows:

Sideways bending: Started between seventh and eighth
gestational weeks, slow and small displacements at one
or two poles of the fetus occur, lasting from half a second
to two seconds, which usually occur as a single event and
disappear through gestation.

Startle: A startle consists of a rapid phase contraction
of all limb muscles. It often spreads to the trunk and
neck. It occurs frequently in the first trimester from 8
weeks on.

General movements: These movements are complex
movements including neck, trunk, and limbs that are
applicable if the whole body is moved, but no distinc-
tive patterning or sequencing of the body parts can be
recognized. They wax and wane in intensity, force, and
speed, and they have a gradual beginning and end. These
movements are performed from 8 weeks and on.

Hiccups: These consist of a jerky contraction of the
diaphragm. Hiccups appear from 9 weeks and on, often
in series, for up to several minutes, and isolated arm and
leg movements can be observed.

Breathing-like movements: Fetal breathing-like move-
ments are usually paradoxical in a way that every con-
traction of the diaphragm (which after birth leads to an
inspiration) causes an inward movement of the thorax.
The onset of fetal breathing-like is around the 10th week
of gestation. Early in pregnancy, they are present conti-
nually and are associated with activity in the postural
muscles of the neck and limbs.

Isolated arm or leg movement: These movements
appear around the 10th week of gestation and they
vary in speed and amplitude. They involve extension,
flexion, external and internal rotation, or abduction
and adduction of an extremity, without movements in
other body parts.

Twitches: Twitches are quick extensions or flexions
of a limb, or the neck. They are not generalized or
repetitive.

Clonic movements: These are repetitive movements of
one or more limbs at a rate of about three per second.

Isolated retroflexion of the head: Retroflexions of the head
are usually carried out slowly, but they can also be fast
and jerky. These movements can be seen around the 10th
week of gestation and on.

Isolated rotation of the head: Rotation of the head is
carried out at a slow velocity and only exceptionally at a
higher speed. The head may turn from a midline position
to one side and back.

Isolated anteflexion of the head: Anteflexion of the head
is carried out only at a slow velocity. The displacement
of the head is small. The duration is about one second.

Jaw movements: The onset of irregular jaw opening is
at 11th week. The opening may be either slow or quick.
The duration of opening varies from less than 1 to
5 seconds.

Sucking and swallowing: At 13 weeks, rhythmical
sucking movements, often followed by swallowing, occur
in bursts indicating that the fetus is drinking amniotic
fluid.

Hand—head contact: In this pattern of movement, the
hand slowly touches the face, and the fingers frequently
extend and flex. These movements appear from 10th
week onward and, at first, they usually represent an
accidental contact of a hand with the face or mouth.

Subgroups of these movements are:

* Hand-to-head: When hand movement ends at contact
of fingers with the parieto-occipitotemporal region of
the head

* Hand-to-mouth: When hand movement ends at contact
of thumb or finger with the mouth, lips, or the imme-
diate oral region

* Hand-near-mouth: When movement ends with fingers
in fluid between nose and shoulders/nipples or
between both shoulders. Hands must be below eyes
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and within the area defined by the ears, less than a
hand away from the mouth
* Hand-to-face: When movement ends with hand in
contact with the face (cheeks, chin, forehead)

e Hand-near-face: When movement ends with finger in
fluid in front of the face, but not in mouth region

* Hand-to-eye: When movement ends with hand or palm
or fingers in the eye region

* Hand-to-ear: When movement ends at hand contact
with the ear.

Stretching: This movement is a complex motor pattern,
which is always carried out at a slow speed and consists
of the following components: forceful extension of the
back, retroflexion of head, and external rotation and
elevation of the arms. It retains an identical movement
form into adult life.

Yawning: This motor activity is similar to the yawning
observed after birth: prolonged wide opening of the jaws
followed by quick closure, often with retroflexion of the
head and sometimes elevation of the arms. This move-
ment pattern is nonrepetitive and it appears around
11th week. The anatomical criterion for fetal yawning is
retraction of the tongue, whereas yawning in adults is
characterized by an extended tongue.

Rotation of the fetus: Rotation of the fetus occurs around
the sagittal or transverse axis. A complete change in posi-
tion around the transverse axis, usually with a backward
somersault, is achieved by a complex general movement,
including alternating leg movements, which resemble
neonatal stepping.

It has been suggested that distinguishing between
types of fetal movements and behavior according to
each trimester could help to dissever routine normal
fetal behavioral patterns from possible pathological
patterns.?** The method that brought a revolution to
fetal real-time imaging was 4D ultrasonography, which
offered a more objective and accurate way than 2D US.**%/
The three-dimensional /4D US has now become routine
in clinical practice and fetal assessment offering better
pictures than 2D US and allowing observation of fetal
movements, even detailed ones, such as fingers and facial
movements.”>?’ Especially where the face is concerned, it
represents the most visible part of the human being. All
major senses are facilitated in this region and expressed
through facial expressions. The long-term study of fetuses
with 4D US allowed the production of measurable units
that could be finally applied systematically for the assess-
ment of fetal behavior.>” One of the greatest advantages
of 4D US compared with 2D is the detailed pictures of the
fetal face (e.g., smiling, crying, mouthing, and blinking),
something that cannot be achieved with 2D US. When
comparing assessment of fetal behavior by 2D and 4D
US, the advantage of 4D is better depiction of fetal facial

expressions in three dimensions, with the possibility to
assess them in almost real time with the new sophisticated
US machines having fast frame rates.

There are now studies that prove that with the use of
4D, differences in fetal behavior can be indeed identified,
and with these findings, eventually abnormal charac-
teristics can be identified.>'* The commencement of
fetal movements has been shown by US studies that
occur very early in fetal life and much earlier than
pregnant women can start feeling them.?® Until a mother
can start feeling them and until delivery, these move-
ments go through a process through which they become
more organized and more detailed, such as in facial
expressions.** Studies regarding neonatal neurology
have shown that the neonatal behavioral examination
can give more information about a possible impairment
than a typical neurological examination. That initiated
a series of studies that aimed to find the exact structure
of the development of fetal behavior for each month
or each trimester, in order to first of all to define what
is a possible normal behavior and then to identify and
diagnose abnormal patterns." 822> About 5 years ago,
the Zagreb group developed a methodical system for
assessing the integrity of the nervous system of fetuses,
by applying 4D US.* This test was named KANET. Its
innovation is that it assesses the fetus in the same way
that neonates are assessed neurologically after birth,
using similar parameters, with the use of 4D US."
While 2D US is used only for the assessment of fetal
startles and general movements, introduction of KANET
enabled assessment of not only movements, but also
some signs used in postnatal neurological assessment
like cranial sutures, head circumference, and finger
movements of the hand for the detection of neurological
thumb (adducted thumb in the clenched fist).

KANET: The Assessment of Fetal
Neurobehavior in the 21st Century

Timely diagnosis of brain impairment is the main reason
why so many studies have been conducted regard-
ing the anatomical and functional integrity of the fetal
nervous system as well as the understanding of their
reactions. The results that these studies showed, gave
the motivation for the development of a structured way
of assessing fetal behavior in a similar way that neonatal
assessment is done."! The KANET is a new pioneering
method of fetal evaluation mainly by 4D US that shows
a relationship between fetal behavior and neurodevel-
opmental processes in different periods of pregnancy,
making it possible to distinguish between normal and
abnormal brain development.®® It consists of general
parameters, such as general movements of the fetus and
some parameters that are used postnatally for neonatal
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assessment incorporated by the Amiel-Tison Neurological
Assessment at Term (ATNAT) signs.¥4° The following
parameters are included in the KANET: isolated head
anteflexion, overlapping cranial sutures, head circum-
ference, isolated eye blinking, facial alterations, mouth
opening (yawning or mouthing), isolated hand and leg
movements and thumb position, and gestalt perception
of general movements (overall perception of the body
and limb movements with their qualitative assessment).

Studies show a continuity of the behavioral pattern
that follows a fetus from its in utero life to its postpartum
attitude, and it has been observed that all movements,
which are present in neonates, are also present in fetal
life, with the exception of Moro’s reflex, which cannot be
demonstrated in fetuses.*' The absence of Moro’s reflex
can be attributed to the differences of the environment
in which a fetus develops compared with the postnatal
environment, and these differences concern mainly the
differences of gravity in the two environments.® The
parameters finally decided to be used for the KANET
were the result of long-term multicentric studies regard-
ing neurological assessment and the general movement’s
emergence of the fetuses.*"*?

The KANET is an integrated test consisting of not only
parameters that concern in utero behavior and movements,
but also signs which are used postnatally for detection of
neurodevelopmental impairment (neurological thumb,
overlapping sutures, and small head circumference).*
The KANET is a test that has been standardized, and

‘)i

studies show that it is a method with good reproducibility;
the learning curve is also very reasonable for physicians
and medical staff with good US background.*’ Regarding
the gestational age at which KANET should be performed,
ithas been decided that the best period is the third trimes-
ter of pregnancy, and particularly after 28 weeks. The test
is proposed to last about 15 to 20 minutes, and it has been
decided that it is best to be performed at periods that the
fetus is awake. If this is not achievable because the fetus
is going through its sleeping period, the test should be
repeated in 30 minutes or the following day, at a minimum
period of 14 to 16 hours.

When the test is abnormal or the score is borderline, it
is proposed that the test is repeated every 2 weeks until
delivery. Very important features are facial movements
and eye blinking — “the face is the mirror of the brain”.
The overall number of movements must be documented
in all cases and compared with normal values as pre-
sented in previous studied and reviews?042 (Figs 1 to 6).

Examiners who apply KANET should have proper
training and adequate experience in low- and high-risk
pregnancies. Interobserver and intraobserver variability
has to be documented. The suggestion regarding the
ultrasonographic machines used is to have a frame rate
of at least 24 volumes/second. The KANET consists
of eight parameters (Table 2). The results of KANET
are divided into three groups: (1) abnormal, when the
score is 0 to 5, (2) borderline for a score from 6 to 13, and
finally (3) normal for a score 14 to 20 (Table 3). A 2-year

Fig. 1: Typical fetal facial expressions as seen during the performance
of KANET and recorded
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Fig. 2: Mouthing and yawning are important parameters of KANET and
a good sign of neurological development

o .
Fig. 3: Typical tongue expulsion while fetus is at a wakeful state

follow-up should be available and documented for all
fetuses that KANET has been applied, in order to draw
safe conclusions.

The aim of the KANET is to evaluate fetal motoric
activity and through that the development of the nervous
activity. The KANET depends on realistic images com-
pared with the traditional 2D US and maternal percep-
tion of fetal movements, as it can demonstrate fetal

movements in real time. As mentioned above, parameters
used by KANET are a mixture of general movements,
signs adopted by the ATNAT, and these are based on the
fact that there is a continuity from fetal life to neonatal
life after delivery, plus the fact that the integrity of the
fetal nervous system is up to a point represented by the
quality and quantity of the movements that a fetus has
in utero and its overall behavior.

150
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Fig. 4: Mouth opening, yawning, smiling, and finger movements during
the performance of KANET

Fig. 5: Facial expressions, eye blinking, and finger movements as part of neurological
assessment of the fetus with 4D US (KANET)

Studies®®™ show that KANET can identify severe
motoric impairment in fetuses with already diagnosed
anatomical central nervous system (CNS) abnormalities
or chromosomal abnormalities. Also, it has been proven
that the results of KANET in both low- and high-risk
populations correspond to a very high extent to the
final outcome; particularly in high-risk populations, the

KANET can be a very useful tool providing information
regarding the prognosis and the grade of impairment of
these cases.”® The KANET constitutes the first test apply-
ing 4D US, which has been standardized, attempting to
simplify things, and offers a scoring system with an aim
to be introduced in clinical practice.*”° Regarding the
applicability of KANET, studies show that it is relatively

Donald School Journal of Ultrasound in Obstetrics and Gynecology, April-June 2017,11(2):146-168
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Fig. 6: Fetal hand and finger movements. Detailed movements are very indicative of the neurological maturation
and very important parameter of KANET

easy to learn and is well accepted by pregnant women. It
has a reasonable learning curve of about 80 cases and the
duration of the KANET appears reasonable, as it should
last about 15 to 20 minutes.™

The KANET is a new test that takes advantage of the
potential offered by the evolution of US technology and,
especially, 4D US for the better assessment of fetal struc-
tural and behavioral integrity and, especially, study details
of facial and finger movements. It has been proven that
KANET is method that is well accepted by both examiners
and pregnant women, and it has been appropriately stan-
dardized. The KANET appears to offer useful information
about fetal neurobehavior and has the potential to detect
and discriminate normal, borderline and abnormal fetal
behavior mainly in high-risk pregnancies, so that it can
be a valuable diagnostic tool for fetal neurological assess-
ment. 7’ So far, the KANET has proven its usefulness
in standardization of neurobehavioral assessment, with
the potential of prenatal detection of fetuses with severe
neuronal dysfunction (Figs 7 to 11).””

According to the Bucharest consensus statement
on KANET, it is needed to perform 80 KANET tests by

experienced US specialist in order to be familiar to assess
a fetus with 4D US in 20 minutes. It was calculated that
one needs 10 to 15 cases in 7 days to learn the basics of
the technique, which can be reproducible. The number
of tests was comparable with other US tests like nuchal
translucency screening (40 tests by experienced US spe-
cialist) and anomaly scan (100-200 tests by experienced
specialist). In a study in which 1,712 KANET tests were
performed on 655 patients, the success rate of the test
ranged between 91 and 95%. Success rate for the assess-
ment of particular signs of the KANET was between 88%
for isolated eye blinking and 100% for mouth opening
and isolated leg movement. The KANET had almost
100% negative predictive value. Interobserver agreement
between two examiners for different components of the
KANET were assessed by calculation of Kappa values,
which were lowest for the facial expression (K =0.68) and
highest for the finger movements (K = 0.84), proving that
KANET is a reliable method to be used with confidence
in everyday clinical practice after appropriate education
of the experienced examiner. What is more is that appro-
priate educational courses with certificate of completion
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Table 2: Parameters of standardized KANET*3

Score
Sign 0 1 2 Sign Score
Isolated head anteflexion Abrupt Small range (0-3 Variable in full
times of movements) range, many
alternation
(>3 times of
movements)

- |

Normal cranial
sutures with
measurement of HC
bellow or above the
normal limit (-2 SD)
according to GA

Overlapping of
cranial sutures

Cranial sutures and head circumference

Not fluent (1-5 times
of blinking)

Isolated eye blinking Not present

4

Not present Not fluent (1-5 times

of alteration)

Facial alteration (grimace or tongue expulsion)

Normal cranial
sutures

with normal
measurement of
HC according to
GA

Fluency (>5 times
of blinking)

Fluency (>5 times
of alteration)

(Cont'd...)
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(Contd...)
Score
Sign 0 1 2 Sign Score
Isolated leg movement Cramped Poor repertoire or Variable in full
Small in range (0-5 range, many
times of movement)  alternation
(>5 times of
movements)
Cramped or Poor repertoire or Variable in full
abrupt Smallin range (0-5 range many
times of movement)  alternation
(>5 times of
movement)
or
Hand and face movements
Fingers movements Unilateral Cramped invariable ~ Smooth and

or bilateral finger movements
clenched fist,

(neurological

thumb)

Gestalt perception of GMs Definitely Borderline
abnormal

complex, variable
finger movements

Normal

Total score
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Table 3: KANET scoring system*®

Total score Interpretation
0-5 Abnormal
6-9 Borderline
10-16 Normal

on the performance of KANET are organized by the Ian
Donald School of Ultrasound.

Evidence of Prenatal Detection by the
Application of the KANET according to
Multicentric Studies

The first form of KANET scoring system was applied
by Andonotopo and Kurjak.” Their aim was to assess
whether facial expression and body movements could be
of any diagnostic value regarding cerebral palsy (CP) in
growth-restricted fetuses. They studied 50 pregnancies
with intrauterine growth restriction (IUGR) after 28 weeks
of pregnancy. They noted decreased behavioral activity in
the IUGR fetuses compared with non-IUGR. This prelimi-
nary study motivated further studies about the usefulness
of 4D US for the assessment of fetal behavior. Introduction
of KANET as a method could identify characteristics in
fetal behavior or movement that manifested some degree
of brain impairment. For the development of this test,
several neonates with variable forms of neurological
impairment were examined and compared with “normal”
neonates. The idea was to try and identify similar differ-
ences during in utero life in order to diagnose brain impair-
ment prenatally. The KANET was applied retrospectively
in 100 low-risk pregnancies and all fetuses were assessed,
and after delivery, with the score 14 to 20 characterized
as normal. Then, the test was applied to 120 high-risk
pregnancies according to the postnatal assessment, and
neonates were divided into three groups: normal, mildly
or moderately abnormal, and abnormal. According to the
results, the scoring system was divided to prenatal score
14 to 20 (normal), 5 to 13 (mildly or moderately abnormal),
and 0 to 5 (abnormal). From the abnormal cases, 4 were
diagnosed with alobar holoprosencephaly, 1 with severe
hydrocephaly, 1 with thanatotrophic dysplasia, and 4 cases
with multiple severe structural abnormalities. Following
this preliminary study (Table 4), many studies applied
KANET and assessed its usefulness for the detection of
neurological impairment during in utero life. >

In one of the studies out of 288 high-risk pregnancies,
7 abnormal cases were included and also 25 cases with
borderline KANET score, yielding 32 fetuses at neurologi-
cal risk. There were also 11 cases with abnormal KANET,
of which 6 fetuses died in utero and 5 were terminated.
The seven remaining neonates with abnormal KANET
were followed up postnatally at 10 weeks and from these

neonates, three had confirmed pathological ATNAT
score postpartum. These three cases included a neonate
with arthrogryposis, a neonate with cerebellar vermian
complete aplasia, and one case with a history of CP in a
previous pregnancy.

The main characteristic of these three cases were the
facial expressions which appeared significantly dimin-
ished — these faces are characterized as masks due to lack
of expressions noted at the time of US examination. The
remaining four cases with pathological KANET did not
show abnormal ATNAT postnatally, and the examiners
characterized the neurological assessment as normal.
These four cases included a case of ventriculomegaly, a
case complicated by preeclampsia, one case with maternal
thrombophilia, and one case complicated by oligohydram-
nios. From the 25 cases diagnosed with borderline KANET
result, 22 neonates showed a borderline ATNAT score and
were followed up, while the three remaining cases showed
normal ATNAT result. These three cases were complicated
by ventriculomegaly, chorioamnionitis, and maternal
thrombocytopenia respectively. The cases with pathologi-
cal prenatal score and normal postnatal ATNAT were char-
acterized by the following risk factors: ventriculomegaly,
Dandy—-Walker malformation, skeletal dysplasia, increased
amniotic fluid, gestational diabetes, hydrocephaly, throm-
bophilia, preeclampsia, achondroplasia, oligohydramnios,
nonimmune hydrops, chorioamnionitis, growth restriction,
Down’s Syndrome, and thrombocytopenia.

From the three cases with pathological KANET at
neonatal assessment with ATNAT 2 showed confirmed
abnormal Prechtl’s general movements (these were the
cases with arthrogryposis and with cerebellar vermis
aplasia), while there were six more cases, which were
characterized as pathological (history of previous neonate
with CP, Dandy-Walker syndrome, hydrocephaly, Down’s
Syndrome, ventriculomegaly, nonimmune hydrops).
From the remaining 21 neonates, all of them had normal
optimal or suboptimal general movements.

Aninteresting case was that of a fetus with acrania and
by studying this pregnancy, they managed to document
how fetal behavior altered from 20 weeks of gestation.
The remarkable thing was that as pregnancy progressed
and the control center of motoric activity shifted from the
lower to the upper part, the KANET score was becoming
lower and lower, suggesting that neurological damage in
later pregnancy is possible.™

A study with 226 cases,”* including different study
populations, identified three cases with pathological
KANET. All three cases had chromosomal abnormalities
and all three postnatally had also an abnormal ATNAT.
Scores from antenatal KANET and postnatal ATNAT
were compared between low- and high-risk groups,
and showed differences between them, for 8 out of the
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Fetal Behavior assessed by Four-dimensional Sonography

0.0001)

parameters could enable in better diagnosis and consultation

in IUGR fetuses with or without blood flow redistribution.
Positive  The neurodevelopmental trimester score was statistically

Combined assessment of hemodynamic and motoric

Differences in pattern of movements in different racial
groups, so that ethnicity should be considered when

performing KANET

Summary

Positive  Statistical differences regarding the distribution of normal,
abnormal, and borderline results of KANET between low-risk

and high-risk groups found. Fetal behavior was significantly
different between the normal group and the high-risk subgroups

Positive  KANET could recognize pathologic and borderline behavior
Statistical significance between high- and low-risk cases. All

diabetes subgroup were higher when compared with that of
abnormal results come from high-risk cases

significantly higher in the low risk in comparison with that
of high-risk group (p<0.0004). The KANET results in the
the IUGR and the preeclampsia subgroups (p

Positive
Positive

Time
20
N/A
20
N/A

(weeks) (minutes) Result
30

31-39
and 3rd
trimester
trimester
167 3rd
trimester

GA
869 28-38
152 2nd

3rd

No
5
51

Indication

Multiple

IUGR
Unselected Multiple (IUGR,

PET, GDM)

Multiple

Multiple

Study
population
High and
low risk
High risk
(high and
low risk)
High and
low risk
Mixed
(Asian and
Caucasian)
GDM: Gestational diabetes mellitus; MCA: Middle cerebral artery; No: Number of patients; PTD: Preterm delivery; PPROM: Preterm premature rupture of membranes; PET: Preeclampsia

Study design
Prospective
Prospective
Prospective
Prospective

Study
2014 Case study Prospective

2013 Cohort
2013 Cohort
2014 Cohort

Year

Hanaoka et al’® 2015 Cohort

(Contd...)
Author
Kurjak et al®®
Predojevic¢
etal”
Athanasiadis
etal™
Neto and
Kurjak””

10 parameters—these included: head anteflexion, eye
blinking, facial expressions—grimacing, tongue expul-
sion, mouth movement, such as yawning, jawing,
swallowing—isolated hand movements, hand-to-face
movements, fist and finger movements, and general
movements.

The comparison of the two tests revealed correlation
between them, proving that the neonatal exam (ATNAT)
was a satisfactory confirmation of the prenatal US
examination (KANET), stating that possibly with further
studies, this antenatal test could offer useful information
about the neurological status of the fetus and be applied
in clinical practice.

The largest study of KANET®® includes 620 cases, of
both low- and high-risk populations (100 low-risk and
520 high-risk cases). This study did not include fetuses
with anatomical anomalies that were studied between 26
and 38 weeks of gestation. The high-risk group included
the following cases: threatened preterm delivery with
or without preterm premature rupture of membranes
(PPROM), previous history of CP, pregnancy hyperten-
sion, preeclampsia, gestational diabetes, IUGR, polyhy-
dramnios, Rhesus alloimmunization, placental abruption,
and maternal fever >39°C.

Analysis revealed differences in the average KANET
scores between high- and low-risk groups. The most cases
of pathological KANET were identified in the cases that
were characterized by a previous history of CP (23.8%),
while the most cases of borderline KANET were noted in
cases with maternal fever, which were possibly related to
chorioamnionitis (56.4%). The parameters of KANET that
were more notably different between the two groups were
overlapping cranial sutures, head circumference, isolated
eye blinking, facial expressions, mouth movements,
isolated hand movements, isolated leg movements,
hand-to-face movements, finger movements, and general
movements. This study concluded that an abnormal
KANET score is related not only with an increased risk
of both intrauterine and neonatal mortality, but also with
an increased risk of neurological impairment. What they
also mentioned is that KANET is indicative of not only
normal, but also abnormal fetal neurobehavior, which
can be demonstrated in postpartum life.

A study by Honemeyer and Kurjak® with 100 cases,
and a very good postnatal follow-up of the neonates, not
only exactly at the time of delivery, before discharge from
the hospital, but also at routine follow-up at 3 months of
life, showed that a good KANET score confirms up to
a great extent normal neurological examination of the
neonate at the time of delivery and at 3 months of age. A
study by Lebit and Vladareanu® included 144 low-risk
pregnancies, which they followed up antenatally from as
early as 7 weeks up to 38 weeks, in order to define a spe-
cific pattern of fetal behavior that would be characterized
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#2

Fig. 7: Normal KANET test at 34 weeks of gestation

as normal and correspond to each trimester. It appears
that during the first weeks of pregnancy, the number of
fetal movements increase as does their complexity. In
the second trimester, the fetal motoric activity increases
in number and different types of movements develop.
More detailed movements, such as facial grimacing and
eye blinking tend to make their appearance during the
middle of second trimester. Many women sustain that
their perception of fetal movements decreases near term;
that is because at that time, fetal movements indeed
decline in frequency, as the duration of fetal rest periods
increases as a result of fetal cerebral maturation rather
than the fact, as many people believe, that the amni-
otic fluid decreases at the end of pregnancy.”?® Fetal
behavior may reflect the level of CNS maturation and
integrity and, as a result, the KANET, which assesses fetal
behavior, may offer useful information.”” A study which
applied KANET in 140 fetuses with ventriculomegaly®®
and compared them with 100 fetuses with normal CNS
appearance during 32 to 36 weeks of gestation showed
a big difference of abnormal KANET scores between the

two groups (6% abnormal KANET in the low risk-control
group compared with 34.9% in the group with ventricu-
lomegaly. The greatest the degree of ventriculomegaly
is, the lowest is the KANET score, especially when other
anomalies were present.

What is interesting is that no cases of pathological
KANET score were identified when the degree of ventricu-
lomegaly was mild or moderate and no other anomalies
were present. The study showed agreement of prenatal
KANET with the postpartum neonatal evaluation; also
application of KANET in cases of ventriculomegaly offered
the opportunity to identify fetuses who would not only
have a structural anomaly, but also whose motoric activity
would be affected, so that a complete assessment of the
nervous system could be achieved, not only anatomically,
but also functionally. That is extremely important especially
in cases of ventriculomegaly; the importance of which and
how it will affect a neonate is not always well understood.

A study™ of 40 cases with increased risk for neuro-
logical anomalies applied KANET between 20 and
38 weeks of gestation and compared the results with a
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Figs 8A and B: A complete KANET test — facial alterations, mouthing, eye blinking, and hand movement; and (B) Abnormal KANET
score at 28 weeks of a fetus with severe hydranencephaly after cytomegalovirus infection. No facial alterations or mouth movements
were identified (“frozen face or face-like mask”), fists remained clenched, and no leg movements were seen (right foot deviated inward

— club foot)

Donald School Journal of Ultrasound in Obstetrics and Gynecology, April-June 2017,11(2):146-168
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Fig. 9: Abnormal KANET score at 31 weeks of gestation of a fetus with semilobar holoprosencephaly. Mouth movements were identified
(tongue expulsion), but otherwise, facial alterations were minimal and the KANET score was abnormal (KANET score = 4). No leg
movements were seen and neurological thumb was identified. Neonate died 3 days after delivery

control group of 40 low-risk cases. They aimed to define
the usefulness and feasibility of 4D ultrasonography in
the assessment of fetal neurobehavior and also in the
prediction of neurological impairment.

The two groups had significant differences in their
KANET scores, and the study showed that in all cases
where the KANET score was abnormal, postnatally there
was some degree of neurological impairment; while,
when the KANET score was normal or even borderline,
the neurological outcome postnatally was also normal.
The parameters that were significantly different between
the two groups were isolated head anteflexion, isolated
eye blinking, facial expressions, mouth movements, iso-
lated hand movements hand-to-face movements, finger
movements, and general movements. Regarding isolated
leg movements and cranial sutures, the difference was
not significant.

Vladareanu et al®" applied KANET in 196 singleton
pregnancies (61 low-risk and 135 at-risk patients) from 24
to 38 weeks. The study lasted for 3 years. Most fetuses in
the study who obtained normal KANET scores belonged
to the low-risk group. The majority of cases with bor-
derline scores belonged to the IUGR group that also had
high resistance index (RI) in the middle cerebral artery

(MCA), while the majority of cases with pathological
KANET score belonged to cases of threatened preterm
labor with PPROM.

There was statistical significant difference in fetal
movements in the two groups. In normal pregnancies,
most fetuses (93.4%) achieved a normal KANET score
compared with 78.5% of the fetuses from high-risk preg-
nancies. Borderline and abnormal scores were dominant
in high-risk pregnancies. In the high-risk pregnancy
group, the most abnormal KANET scores were noted in
cases of threatened preterm delivery with PPROM (25%).
Most fetuses with pregnancies complicated by IUGR with
MCA RI index changes and with hypertension above
160/100 mm Hg achieved borderline score (50%). The
highest percentage of normal fetal movements was found
in pregnancies complicated by Rhesus alloimmunization
without hydrops fetalis (96%). The characteristics of
reduced speed and amplitude were found in the threat-
ened preterm delivery group. There was a reduction of
both number and duration of general movements in the
IUGR group. The IUGR fetuses moved less and their
general movements were poorly organized. Alterations
in the quality of fetal movements were accompanied by
considerable decrease in the quantity of fetal movements.
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Figs 10A to B: Special application of KANET. This is a patient with sacrococcygeal teratoma. An
US specialist experienced in KANET was asked to assess the integrity of the mobility of the lower
extremities of the fetus. The experience acquired as KANET is applied in more and more cases,
thus offering a wide knowledge of the in utero behavior and motoric activity of the fetus and giving
answers to special problems

The authors concluded that KANET can be useful in
the detection of neurological impairment that could
become obvious during the antenatal or postnatal period.
Honemeyer et al®? studied 56 singleton pregnancies (24
low-risk and 32 high-risk cases) between 28 and 38 weeks
of gestation and applied serial KANETs on them, perform-
ing a total of 117 tests in total. They did not identify any
abnormal KANET scores, but two-thirds of the borderline

scores occurred in the high-risk pregnancies. Because they
performed more than one KANET in each pregnancy,
they introduced the average KANET score, which was
derived from the scores of each fetus during pregnancy.
Only one fetus had a borderline average KANET score,
and this fetus who belonged to the high-risk group was
the only one out of 56 pregnancies who had an abnormal
early neurological outcome. When the authors compared

Donald School Journal of Ultrasound in Obstetrics and Gynecology, April-June 2017,11(2):146-168
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Fig. 11: KANET - facial alterations and grimacing

all the 18 borderline KANET scores with fetal diurnal
rhythm based on maternal observation, they noticed that
89% of the borderline scores of the at-risk group were
recorded at times that the mothers characterized them
as active periods, compared with 33.3% in the low-risk
pregnancies. The authors concluded that KANET is sug-
gestive of expressing the risk for neurodevelopmental
fetal disorders, but the connection of fetal diurnal rhythm
and pregnancy risk status should be investigated further.
Kurjak et al®® studied 869 high- and low-risk singleton
pregnancies taking under consideration the results of the
Doppler studies of umbilical and middle cerebral arteries,
and noticed that fetal behavior was significantly different
between the normal group and the following subgroups
of fetuses: IUGR, gestational diabetes mellitus, threatened
preterm birth, antepartum hemorrhage, maternal fever,
sibling with CP, and polyhydramnios. The authors con-
cluded that their study showed a new clinical application
of the KANET in early identification of fetuses prone to
neurological impairment.

Athanasiadis et al”* studied with KANET, 152 preg-
nancies of both low and high risk. According to the
maternal background risk, there were 78 low-risk and
74 high-risk pregnancies (12 with IUGR fetuses, 24 with
diabetes mellitus, and 38 with preeclampsia. The study
showed that the neurodevelopmental score was statisti-
cally significant higher in the low-risk group compared

with the high-risk group (p < 0.0004). The diabetes
subgroup score was statistically significantly higher
compared with the IUGR and the preeclampsia subgroup
(p =0.0001). The authors concluded that the neurodevel-
opment fetal assessment by 4D US appears to be a feasible
technique in the evaluation of high-risk pregnancies and
the detection of differences in these populations.

Neto” performed a pilot study in Brazil by apply-
ing KANET to 17 high-risk pregnancies and 34 low-risk
pregnancies and compared the results. He noticed that for
KANET score 0, 5 out of 8 parameters were significantly
different: isolated head anteflexion, cranial sutures and
head circumference, isolated hand movement or hand-to-
face movements, and isolated leg movement and fingers
movements. All abnormal KANET results derived from
high-risk pregnancies (17.6%). No low-risk pregnancies
presented with KANET score 0, concluding that there
were important differences in fetal behavior between
low- and high-risk pregnancies.

Hanaoka et al’® assessed with KANET, 89 Japanese
(representative of Asians) and 78 Croatian (representa-
tive of Caucasians) pregnant women and studied the
total value of KANET score and values of each param-
eter (eight parameters) in the different populations.
Total KANET score was normal in both populations,
but there was a significant difference in total KANET
scores between Japanese and Croatian fetuses. When
individual KANET parameters were compared, signifi-
cant differences were observed in four fetal movements
(isolated head anteflexion, isolated eye blinking, facial
alteration or mouth opening, and isolated leg move-
ment). No significant differences were noted in the four
other parameters (cranial suture and head circumference,
isolated hand movement or hand-to-face movements,
fingers movements, and gestalt of general movements),
showing that ethnicity should be considered when evalu-
ating fetal behavior, especially during assessment of fetal
facial expressions. The authors concluded that although
there was a difference in the total KANET score between
Japanese and Croatian populations, all the scores in both
groups were within normal range proving that ethnical
differences in fetal behavior do not affect the total KANET
score, but close follow-up should be continued in some
borderline cases.

Advantages of Early Detection of
Neurodevelopmental Disorders in utero

Once the diagnosis of neurological impairment is made
in neonates, the interventions available in everyday clini-
cal practice are very limited and usually they prove to be
ineffective. The KANET offers the possibility of very early,
prenatal detection of fetus at-risk for neurological prob-
lems. This very early detection of these high-risk fetuses
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may be the key for the management of these cases, as the
earlier you have a diagnosis, the earlier you may possibly
intervene and, as a result, increase the possibility if not
for treatment, for an improved outcome. It has been sug-
gested, for example, for many years, that early application
of physiotherapy can be of some significance and that it
can improve neurodevelopmental outcome. In a Cochrane
meta-analysis, it has been stated that early intervention
programs for preterm infants have a positive influence
on cognitive and motor outcomes during infancy, with
the cognitive benefits persisting into preschool age. Of
course, further research is needed to determine which
early developmental interventions really make a differ-
ence in improving the cognitive or motoric functions of
neonates. In one of the programs, the primary caregivers
have been educated about evidence-based interventions
for improving infant self-regulation, postural stability,
coordination and strength, parent mental health, and
the parent-infant relationship. A therapy team consist-
ing of a physiotherapist and psychologist delivered
the nine sessions of the program (each session was 1.5-
2 hours long) in the family home over the infant’s first
year of life. Infants and their caregivers have selective
long-term benefits, with caregivers experiencing fewer
anxiety symptoms and lower odds of an anxiety disorder
and preschoolers showing fewer internalizing behavior
problems. It is obvious that we do not have many effective
treatment options for cases of neurological impairment,
but it appears that the earlier you apply these treatments,
the better the results. Also, the earlier you have a diag-
nosis, then indeed you can apply earlier these treatments
to the correct group of people, and this is an area where
definitely KANET can be a pioneer.””®

Experience of KANET so far — Already 10 Years

So far, KANET has been proven a strong diagnostic
method of great potential, particularly for the detection
of problems that were inaccessible by any other method
until now, such as fetal brain impairment and neurodevel-
opmental alterations.*! Of course as a new method, it has
to be further tested and more, larger studies are required
in order to draw safe conclusions and for this test to be
ready for introduction in clinical practice.

So far, studies have shown that KANET is useful for
the study of fetal neurobehavioral patients, offering the
opportunity to detect antenatally fetuses with severe
neurological problems®**°1; also, the introduction of
KANET in clinical practice for the assessment of high-risk
pregnancies is feasible. Ongoing studies aim to further
investigate the potential of this new method setting the
guidelines for a complete fetal neurosonography and
neurobehavior assessment.* The continuous knowledge

that we gain by studying fetal neurobehavior in a system-
atic way with the application of a standardized method,
such as KANET, in combination with the unrelenting
technological advantage of 4D ultrasonography gives
the impression that in the near future, perinatal medi-
cine will be able to study in explicit detail the functional
development and maturation of the fetal nervous system,
something that until today has not been achieved.

Neonatal Aspects of Fetal Behavior

As we can learn from the previously presented data,
neurobehavior is the expression of development of
the CNS (in particular, the brain), which is a complex
ongoing process throughout gestation and after birth.?
82 It is important to understand how CNS produces
different kinds of movements and which of them are
important for the assessment of disturbed CNS devel-
opment. Fetuses and newborns exhibit a large number
of endogenously generated motor patterns, which are
presumably produced by central pattern generators
located in different parts of the brain.®® Moreover, sub-
stantial indications suggest that spontaneous activity
is a more sensitive indicator of brain dysfunction than
reactivity to sensory stimuli in reflex testing.®® It has
been demonstrated that in newborn infants affected by
different brain lesions, spontaneous motility does not
change in quantity, but it loses its elegance, fluency,
and complexity.®* As the development of the brain is a
unique and continuing process throughout the gesta-
tion and after birth, it is expected that there is also con-
tinuity of fetal to neonatal movements, which are the
best functional indicators of developmental processes
of the brain. %084

Weight, length, and head circumference at birth were
not significantly associated with neurodevelopmental
outcomes at the age of two for small for gestational age
(SGA) or appropriate for gestational age (AGA) very
low-birth weight (VLBW) children.®> However, weight
and length at age two correlated with psychomotor
developmental index in SGA and AGA children.®> These
findings indicated an association between postnatal
growth and neurodevelopmental outcome.® Thus, AGA
children with catch down growth had the highest risk
for mental retardation, motor delay, and CP among all
VLBW children.®® These findings were mostly inde-
pendent of the diagnosis of CP.° The origin of CP in
children born at-term was considered to be prenatal in
38%, peri/neonatal in 35%, and unclassifiable in 27%,
while in children born preterm, it was 17, 49, and 33%
respectively.5%

Heinz Prechtl’s work enabled that spontaneous motil-
ity during human development has been brought into
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focus of interest of many perinatologists prenatally and
developmental neourologists postnatally.***° According
to the research preceding Prechtl’s ingenious idea, during
the development of the individual, the functional reper-
toire of the developing neural structure must meet the
requirements of the organism and its environment.***°
This concept of ontogenetic adaptation fits excellently to
the development of human organism, which is during
each developmental stage adapted to the internal and
external requirements.**® The most important among
those movements are the so-called general movements
involving the whole body in a variable sequence of arm,
leg, neck, and trunk movements, with a gradual begin-
ning and the end.**° The general movements are called
fetal or preterm from 28 to 36 to 38 weeks of postmen-
strual age, while after that, we have at least two types
of movements: writhing present till 46 to 52 weeks of
postmenstrual age and fidgety movements present till
54 to 58 weeks of postmenstrual age.¥** According to
Hadders-Algra,” general movements according to their
fluency and complexity could be classified as normal-
optimal, normal-suboptimal, mildly abnormal, and
definitely abnormal. Abnormality of general movement
has, however, limited value in the prediction of neurode-
velopmental outcome in preschool children.’!

Are we approaching the era when there will be an
applicable neurological test for fetus and assessment of
the neonate will be just the continuation?°>“2 This is still
not easy question to answer, because even postnatally,
there are several neurological methods of evaluation,
while in utero we are dealing with more complicated
situations and a less mature brain.®>*> Whether neonatal
assessment of neurologically impaired fetuses could
bring some new insights into their prenatal neurological
status is still unclear and to be investigated.*”* A new
scoring system for prenatal neurological assessment of
the fetus proposed by Kurjak et al. will give some new
possibilities to detect fetuses at high neurological risk,
although it is obvious that dynamic and complicated
processes of functional CNS development are not easy
to investigate.75 Besides that, there is an issue of differ-
ent environments of fetal and neonatal development
in term of the influence of the gravity. Data concerning
the influence of the gravity on fetal motor development
are contradictory. The concept that the fetus floats in a
state of weightlessness cannot be applied to the whole
of pregnancy, as after the fetus is confined to the uterus,
it is exposed to the force of gravity.”*?® The fetus is not
in significant contact with the walls of the amniotic
sac until the very end of pregnancy, and sensory input
arising from antigravity activity is absent, which is
similar to the conditions of microgravity.”” Certain level
of mechanical stress is necessary for the physiological

development of the fetus. Along with muscle activ-
ity, gravitational loading also causes this mechanical
stress.” Buoyant forces apparently decrease fetal weight
and in this way, they reduce the effect of gravitation
on the musculoskeletal system.” The development of
antigravity muscular control is critical to normal motor
development during the first year of life. After birth, the
newborn is exposed to the 1G environment. Movement
against gravity begins during the first month of life, and
by four months of age, increased flexion control balances
the strong extensor muscle patterns.” Adequate devel-
opment of trunk flexion and extension is a prerequisite
to the development of anterior and posterior pelvic
tilting, lateral trunk flexion, and trunk elongation.®”
These components enable the child to develop weight
shifting, which, in turn, stimulates righting and equi-
librium responses.””

Concerning the continuity from fetus to neonate
in terms of neurobehavior, it could be concluded that
fetus and neonate are the same persons in different
environments. While in the womb, fetus is protected
from the gravity, which is not so important for its neu-
rodevelopment, postnatally, the neonate is exposed to
gravity during the labor and from the first moments of
autonomous life. Development of motor control is highly
dependent on antigravity forces enabling erect posture of
infant or young child. These environmental differences
should be kept in mind during prenatal as well as post-
natal assessment. This could be one of the reasons why
assessment of general movement is not considered as the
reliable test for the long-term prediction of neurodevel-
opmental outcome.

CONCLUSION

One of the greatest challenges of obstetrical ultrasonog-
raphy is the better understanding of fetal neurological
function, a field with still many unanswered questions.
The pathogenesis of major neurological conditions,
such as CP, are not adequately understood and falsely
attributed to accidents during labor, although it has been
proven that the majority of CP cases originate sometime
during in utero life and are not related to intrapartum
events. The distinction between normal and abnormal
fetal neurological behaviors and the development of an
accurate method for the assessment of the function of
fetal nervous system are great challenges in obstetrics;
however, that was made possible with the introduction of
4D US, which offered the opportunity to study the fetus
in real time and with explicit detail.

It has been proven by multicentric studies that it is
possible with the application of KANET test to assess
fetal behavior in utero, so that in many cases, we can have
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an accurate diagnosis regarding some functional neuro-
logical abnormalities of fetuses. The KANET is the first
method that applied 4D US for the assessment of the fetus
in the same way that a neonate is assessed neurologically
after birth by neonatologists. The KANET offers an objec-
tive scoring system that divides the fetuses according to
the severity of the US findings, and studies show that it
can identify fetal signs that could predict its neurologi-
cal development. What is more is in cases of anatomical
findings of uncertain significance and consequences on
the neurological integrity of the fetus, like for example,
in cases of ventriculomegaly, it offers the possibility of a
more complete assessment of the fetus and, therefore, a
more comprehensive counseling of the couples with an
affected fetus.

The KANET is currently used by many centers in
everyday clinical practice as the investigational tool for
normal and high-risk fetuses. It has acceptable sensitivity
and specificity, adequate positive and negative predic-
tive values, inter- and intra-observer reliability, and can
be easily learned by US specialists with access to 4D US
machines. The aim of the KANET is to be widely applied
in clinical practice for the selective screening of fetuses
with moderate and high neurological risk; hopefully,
the early detection of these fetuses would allow at last
the diagnosis of severe cases in utero and also an early
intervention that could improve the outcome for these
neonates.
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