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Asim Kurjak, Panagiotis Antsaklis, Milan Stanojevic

INTRODUCTION
Recent Advances of 3D Ultrasonography
In utero behavior of the fetus is assessed with the 
assistance of ultrasound technology, through direct 
observation in utero of real-time movements and activities 
of the fetus.1-3 Ultrasound 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 fetal behavior has a specific 
pattern that corresponds to brain maturation of the fetus 
at each week or trimester.4 Both anatomic 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.4 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 any time during pregnancy. In cases of 
prematurity, no matter how much intensive neonatal 
units have progressed, 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.5,6 The degree at which the 
brain development 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, again we are often unable to 
detect the degree at 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.4 The 
diagnosis of neurological impairment is one of the 
greatest challenges in obstetrics and the cause 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 a method that would provide many useful 
information.6,7 Kurjak’s antenatal neurodevelopmental 
test (KANET) with the use of 4D ultrasound 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 ULTRASOUND

The cerebral growth and maturation of a fetus appear to 
be represented by its behavior in utero,8,9 while studies 

C H A P T E R

Fetal Behavior Assessed by Four-
dimensional Sonography36

TABLE 1: Major events in neural development.4

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
• Cerebellar

2–4 months antenatally
2–10 months postnatally

Neuronal migration:
• Cerebral
• Cerebellar

3–5 months antenatally
4–10 months antenatally

Neuronal differentiation:
• Axon outgrowth
• Dendritic growth and synapse 

formation
Synaptic rearrangement

• 3 months to birth
	• 6 months to 1 year 

postnatally
Birth to years postnatally

Myelination Birth to years postnatally
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have shown that their movements are very good indicators 
of neurobehavioral organization and of the future 
neurological integrity of the fetus.10-17 Two-dimensional 
(2D) ultrasound allowed up to a point the complete 
evaluation of the fetal anatomy and gave the opportunity 
to view fetal movements. One of 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.18 
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.19-21

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 (GMs): These movements are 
complex movements including neck, trunk, and limbs 
that are applicable if the whole body is moved but no 
distinctive patterning or sequencing of the body parts 
can be recognized. They wax and wane in intensity, 
force, and speed, and they have 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: Fetal breathing-like movements are 
usually paradoxical in a way that every contraction 
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 
continually 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 1 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 <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:

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

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

	y Hand-near-mouth: When movement ends with 
fingers in fluid between nose and shoulders/
nipples or between both shoulders. Hands must be 
below eyes and within the area defined by the ears, 
less than a hand away from the mouth

	y Hand-to-face: When movement ends with hand in 
contact with the face (cheeks, chin, and forehead)

	y Hand-near-face: When movement ends with 
finger in fluid in front of the face but not in mouth  
region
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	y Hand-to-eye: When movement ends with hand or 
palm or fingers in the eye region

	y 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 
movement 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 
position around the transverse axis, usually with a 
backwards somersault, is achieved by a complex GM, 
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.21-24 
The method that brought a revolution to fetal real-time 
imaging was 4D ultrasonography which offered a more 
objective and accurate way than 2D ultrasound.24-27 3D/4D 
ultrasound has now become routine in clinical practice and 
fetal assessment offering better pictures than 2D ultrasound 
and allowing observation of fetal movements, even detailed 
ones such as fingers and facial movements.28,29 Especially 
for the face, 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 ultrasound allowed the production of 
measurable units that could be finally applied systematically 
for the assessment of fetal behavior.30 One of the greatest 
advantages of 4D ultrasound compared to 2D is the detailed 
pictures of the fetal face (e.g., smiling, crying, mouthing, 
and blinking), something that cannot be achieved with 2D 
ultrasound. When comparing assessment of fetal behavior 
by 2D and 4D ultrasound, the advantage of 4D is better 
depiction of fetal facial expressions in three dimensions 
(3D) with the possibility to assess them in almost real time 

with the new sophisticated ultrasound machines having fast 
frame rates.

There are now studies that prove that with the use of 4D 
differences in fetal behavior can indeed be identified and 
with these findings eventually abnormal characteristics can 
be identified.31-33 The commencement of fetal movements 
has been shown by ultrasound studies that occurs very 
early in fetal life and much earlier than pregnant women 
can start feeling them.26 Until a mother can start feeling 
them and until delivery these movements go through a 
process that they become more organized and with details 
such as facial expressions.34 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.1-4,18-23,35 About 5 
years ago, the Zagreb group developed a methodical system 
for assessing the integrity of the nervous system of fetuses, 
by applying 4D ultrasound.36 This test was named KANET, 
standing for Kurjak’s antenatal neurodevelopmental test. 
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 ultrasound.37-39 
While 2D ultrasound is used only for the assessment of 
fetal startles and GMs, introduction of KANET test 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 feast).

KURJAK ANTENATAL 
NEURODEVELOPMENTAL TEST: 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 regarding 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.1 
KANET is a new pioneering method of fetal evaluation 
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mainly by 4D ultrasound that shows a relationship 
between fetal behavior and neurodevelopmental 
processes in different periods of pregnancy, making it 
possible to distinguish between normal and abnormal 
brain development.36,37 It consists of general parameters 
such as GMs of the fetus and some parameters that are 
used postnatally for neonatal assessment incorporated 
by the Amiel-Tison Neurological Assessment at Term 
(ATNAT) signs.37,40 The following parameters are included 
in the KANET test: Isolated head anteflexion, overlapping 
cranial sutures, head circumference, isolated eye blinking, 
facial alterations, mouth opening (yawning or mouthing), 
isolated hand and leg movements and thumb position, and 
gestalt perception of GMs (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.41 The absence of Moro’s reflex can be attributed 
to the differences of the environment in which a fetus 
develops compared to the postnatal environment, and 
these differences concern mainly the differences of gravity 
in the two environments.6 The parameters finally decided 
to be used for the KANET test were the result of long-term 
multicentric studies regarding neurological assessment 
and the GMs emergence of the fetuses.40,42

Kurjak’s antenatal neurodevelopmental test is an 
integrated test consisting of 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).43 KANET is a test that has 
been standardized, and studies show that it is a method 
with good reproducibility and the learning curve is very 
reasonable for physicians and medical staff with good 
ultrasound background.43 Regarding the gestational age at 
which KANET should be performed it has been decided 
that the best period is the third trimester of pregnancy, 
and particularly after 28 weeks. The test is proposed to last 
about 15–20 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 goes through its sleeping 
period, the test should be repeated in 30 minutes or the 
following day, at a minimum period of 14–16 hours.

When the test is abnormal or the score is borderline, 
it is proposed that 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 presented in 
previous studied and reviews40,42 (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/sec. KANET consists of eight 
parameters (Table 2). The results of KANET are divided 
in three groups: (1) Abnormal, when the score is 0–5, (2) 
borderline for a score from 6 to13, and finally (3) normal 
for a score 14–20 (Table 3). A 2-year 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 test is to evaluate fetal motoric 
activity and through that the development of the nervous 
activity. KANET depends on realistic images compared to 
the traditional 2D ultrasound and maternal perception of 
fetal movements, as it can demonstrate fetal movements 
in real time. As mentioned above, parameters used by 
KANET are a mixture of GMs, some parameters from 
ATNAT which means that there is a continuity from fetal to 
neonatal life after delivery, plus the fact that the integrity 
of 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.22,44-49

Studies show50-55 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 with the 
final outcome and particularly in high-risk populations, 
KANET can be a very useful tool providing information 
regarding the prognosis and the grade of impairment of 
these cases.56 KANET constitutes the first test applying 4D 
ultrasound, which has been standardized attempting to 
simplify things and offers a scoring system, with an aim 
to be introduced in clinical practice.57-59 Regarding the 
applicability of KANET, studies show that it is relatively 
easy to learn and 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 15–20 minutes.54
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Fig. 1: Typical fetal facial expressions as seen during the performance of Kurjak’s antenatal  
neurodevelopmental test (KANET) and recorded.

Fig. 2: Mouthing and yawning is an important parameter of Kurjak’s antenatal neurodevelopmental test (KANET)  
and a good sign of neurological development.
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Fig. 3: Typical tongue expulsion while fetus is at an awake state.

Fig. 4: Mouth opening, yawning, smiling, and finger movements during the performance of Kurjak’s antenatal  
neurodevelopmental test (KANET).
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Fig. 5: Facial expressions, eye blinking, and finger movements as part of neurological assessment of the fetus with  
4D ultrasound [Kurjak’s antenatal neurodevelopmental test (KANET)].

Fig. 6: Fetal hand and finger movements. Detailed movements are very indicative of the neurological maturation and very  
important parameter of Kurjak’s antenatal neurodevelopmental test (KANET).
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TABLE 2: The parameters of standardized KANET.43

Sign Score Sign score

0 1 2

Isolated head anteflexion Abrupt Small range (0–3 times 
of movements)

Variable in full range, 
many alternation (>3 
times of movements)

Cranial sutures and HC Overlapping of 
cranial sutures

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

Normal cranial 
sutures with normal 
measurement of HC 
according to GA

Isolated eye blinking Not present Not fluent (1–5 times 
of blinking)

Fluency (>5 times of 
blinking)

Facial alteration (grimace or tongue 
expulsion)

Not present Not fluent (1–5 times 
of alteration

Fluency (>5 times of 
blinking)

or Mouth opening (yawning or 
mouthing)

Isolated leg movement Cramped Poor repertoire or small 
in range (0–5 times of 
movement)

Variable in full range 
many alternation (>5 
times of movements)

Isolated hand movement Cramped or abrupt Poor repertoire or small 
in range (0–5 times of 
movement)

Variable in full range 
many alternation (>5 
times of movements)

or Hand to face movements

Contd…
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TABLE 3: Kurjak’s antenatal neurodevelopmental test scoring 
system.43

Total score Interpretation

0–5 Abnormal

6–9 Borderline

10–16 Normal

Contd…

Sign Score Sign score

0 1 2

Fingers movements Unilateral or 
bilateral clenched 
first (neurological 
thumb)

Cramped invariable 
finger movements

Smooth and complex, 
variable finger 
movements

Gestalt perception of GMs Definitely abnormal Borderline Normal

Total score

(GA: gestational age; GMs: general movements; HC: head circumference; KANET: Kurjak’s antenatal neurodevelopmental test; SD: standard 
deviation)

Kurjak’s antenatal neurodevelopmental test is a new 
test that takes advantage of the potential offered by the 
evolution of ultrasound technology, and especially 4D 
ultrasound for the better assessment of fetal structural 
and behavioral integrity and especially in order to study 
details of facial and finger movements. It has been 
proven that KANET is the method that is well accepted 
by both examiners and pregnant women, and it has been 
appropriately standardized. 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 assessment.43,60 So far 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 9).60

According to the Bucharest consensus statement 
on KANET, it is needed to perform 80 KANET tests by 
experienced ultrasound specialist in order to be familiar 
to assess a fetus with 4D ultrasound in 20 minutes. It 
was calculated that one needs 10–15 cases in 7 days in 
order to learn the basics of the technique which can be 
reproducible. The number of tests was comparable with 
other ultrasound tests like nuchal translucency screening 
(40 tests by experienced ultrasound specialist) and 
anomaly scan (100–200 tests by experienced specialist). 

In a study that 1,712 KANET tests were performed on 
655 patients, the success rate of the test ranged between 
91 and 95%. Success rate for the assessment of particular 
signs of the KANET was between 88% for isolated eye 
blinking and 100% for mouth opening and isolated leg 
movement. KANET had almost 100% negative predictive 
value. Interobserver agreement between two examiners 
for different components of the KANET test 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 test is a reliable 
method to be used with confidence in everyday clinical 
practice after appropriate education of experienced 
examiner. What are the more appropriate educational 
courses with certificate of completion on the performance 
of KANET are organized by the Ian Donald School of 
Ultrasound (Figs. 10 to 12).

Evidence of Prenatal Detection by the 
Application of KANET According to 
Multicentric Studies
First form of KANET scoring system was applied by 
Andonotopo et al.55 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 to the non-IUGR. This 
preliminary study motivated further studies about the 
usefulness of 4D ultrasound 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 
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Fig. 8: A complete Kurjak’s antenatal neurodevelopmental test (KANET)—facial alterations mouthing,  
eye blinking, and hand movement.

Fig. 7: Normal Kurjak’s antenatal neurodevelopmental test (KANET) at 34 weeks of gestation.
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Fig. 9: Abnormal Kurjak’s antenatal neurodevelopmental test (KANET) score at 28 weeks of a fetus with severe hydranencephaly after 
cytomegalovirus (CMV) 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).

Fig. 10: Abnormal Kurjak’s antenatal neurodevelopmental test (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.
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Fig. 11: Special application of Kurjak’s antenatal neurodevelopmental test (KANET). This is a patient with sacrococcygeal teratoma. An 
ultrasound 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 which can offer a wide knowledge of the in utero behavior and motoric 
activity of the fetus and give answers to special problems.
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forms of neurological impairment were examined and 
compared with “normal” neonates. The idea was to try 
and identify similar differences during in utero life in order 
to diagnose brain impairment prenatally. KANET was 
applied retrospectively in 100 low-risk pregnancies and 
all fetuses were assessed and after delivery, with the score 
14–20 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 14–20 (normal), 5–13 (mildly or moderately 
abnormal), and 0–5 (abnormal). From the abnormal cases, 
four were diagnosed with alobar holoprosencephaly, 
one with severe hydrocephaly, one with thanatotrophic 
dysplasia, and four 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.25,32

In one of the studies out of 288 high-risk pregnancies, 
seven abnormal cases were included and also 25 cases 
with borderline KANET score, yielding 32 fetuses at 
neurological risk. There were also 11 cases with abnormal 
KANET, of which six fetuses died in utero and five 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 was 
the facial expressions, which appeared significantly 
diminished—these faces are characterized as masks due 
to lack of expressions noted at the time of ultrasound 
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 oligohydramnios. 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 pathological prenatal score and normal postnatal 
ATNAT were characterized by the following risk factors: 
Ventriculomegaly, Dandy-Walker malformation, 
skeletal dysplasia, increased amniotic fluid, gestational 
diabetes, hydrocephaly, thrombophilia, 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 GMs (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, and nonimmune hydrops). From the 

Fig. 12: Kurjak’s antenatal neurodevelopmental test (KANET) 
test—facial alterations and grimacing.
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