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ABSTRACT
Introduction of three- and four-dimensional ultrasound into 
clinical practice enabled qualitative and quantitative assess
ment of fetal movements, including the analysis of fetal face 
expression which is considered to be the mirror of the matura
tional processes of upper motor neuron. Since, prenatal fetal 
behavioral patterns are reflections of developmental and 
maturational processes within the fetal central nervous system, 
the findings about changes in fetal movements and behavior 
could leed to the prenatal diagnosis of neurological impairment. 
Kurjak’s antenatal neurodevelopment test (KANET) is the 
first prenatal test based on the three- and four-dimensional 
ultrasound examination of the fetus that could be used for the 
evaluation and prediction of the fetal neurologic status. 
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The goal of assessing fetal behavior and predicting its 
neonatal and even adult neurological development exists 
among clinicians for a long period of time. One way to 
monitor fetal behavior is to count fetal body movements 
which are done by the mother and then analyze by her 
medical professional. This method is well-accepted since 
fetal movements are considered as indicator of fetal 
health and it is widely used in everyday practice since 
it is pretty simple and easy to perform. Although, fetal 
movement counting or so-called kick counting could be 
used as primary screening method to assess fetal health, 
this technique has many limitations such as the fact that 
optimal number of movements and the ideal duration 
of counting have not yet been recognized. Another 
disadvantage is certain lack of sensitivity because mother 
is not always conscious about the fetal movements. A 
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definitive step through in fetal movement assessment 
was made with the development of two-dimensional 
ultrasound (2D US) which enabled direct visualization 
of fetal anatomy and activity. With the possibility 
of ultrasound assessment of fetal movements, many 
researchers started to investigate fetal behavior with 
results that were compared to morphological studies 
and revealed that fetal behavioral patterns are reflections 
of developmental and maturational processes within 
the fetal central nervous system. These findings were 
encouraging for the hypothesis that changes in fetal 
movements and behavior could be used for the prenatal 
diagnosis of neurological impairment.1-4 Ultrasound 
evaluation of fetal body movements has previously been 
integrated in a test of fetal well-being and assessing 
fetal biophysical profile (BPP). This is a more objective 
method of fetal movements analysis as compared to fetal 
movement counting by the mother and it is a combination 
of prenatal ultrasound evaluation and fetal heart rate 
monitoring involving a scoring system with the score 
being termed as Manning’s score.5 Although BPP could 
be sufficiently used as a method of fetal surveillance and 
prediction of acute or chronic fetal hypoxia its utility in 
assessing fetal neurobehavioral condition is quite limited. 

Two-dimensional ultrasound has technical limita-
tions since it enables only quantitative assessment of fetal 
body movements, while three- and four-dimensional 
ultrasound (3D/4D US) adds the possibility of further 
qualitative assessment of fetal and even embryonic 
movements, including complexity and variability.6-14 Fur-
thermore, 3D/4D US can be used for the analysis of fetal 
face expression that is significant for the maturational 
processes of upper motor neuron.15

Neurological evaluation of neonates can be done 
by using Amiel-Tison neurologic assessment at term 
with scoring system and complete procedure that takes  
approximately 5 minutes.16 This test was used as a model 
for creating prenatal neurologic assessment test due to 
its utility, effectivity and simplicity in performing it. 
Another stimulation in creating prenatal test was the 
finding that there is a continuity from fetal to neonatal 
behavior, in terms of all facial and hand movements 
directed to the head, while the Moro reflex was present 
only in neonates.17 3D and 4D US evaluation of fetal and 
embryonic movements have shown that the repertoire 
and frequency of fetal movement patterns constantly 
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expand, whereas the second and third trimesters are 
characterized by the progressive organization of fetal 
activities into complex and clearly distinct behavioral 
patterns.18-25 These first 3D and 4D ultrasound studies 
were used for the establishment of the normal standards 
of fetal behavioral patterns that are necessary for the dis-
tinction between normal and abnormal fetal behavior.20 
Since, there is substantial evidence to show that many 
neurological problems, from minor cerebral dysfunction 
to the cerebral palsy, originate from the prenatal, rather 
than perinatal or postnatal periods of life it could be of 
great importance the possibility of prenatal detection or 
prediction of the cerebral palsy.26

The idea of prenatal assessment of fetal behavior was 
first based on the presumption that a differences in fetal 
motility could be found between normal and abnormal 
pregnancies and that changes in fetal behavior could lead 
to the conclusion about the impaired prenatal neurologi-
cal development and even postnatal sequel. Abnormal 
motor behavior assessed by 3D and 4D was prenatally 
described in anencephalic fetus27 and later in a group of 
growth restricted fetuses for whom it has been shown to 
have less behavioral activity than normal fetuses in all 
observed movement patterns.28 The potential diagnosis 
of impaired fetal behavior could also be established in 
different pathological conditions of pregnancies such 
as gestational diabetes, different infections and even in 
pregnancies with previous children affected by cerebral 
palsy.29,30 Kurjak et al showed the improvement in fetal 
movement assessment by 3D and 4D US as compared 
to 2D in normal and high risk pregnancies.6-14 In order 
to enable more objective evaluation of fetal movements 
and the comparison among different professionals and 
centers these group of authors came up with the new 
scoring system for fetal neurobehavioral based on pre-
natal assessment of fetal movements by 3D/4D sonogra-
phy.31,32 As a first step in creating the test its results were 
compared to postnatal neurological assessment and the 
positive correlation has been determined in the low-risk 
and high-risk pregnancies as well. This preliminary 
work was assigned as very important in detecting fetal 
brain and neurodevelopmental alterations due to in utero 
brain impairment.31 This new test was called Kurjak’s 
antenatal neurodevelopment test (KANET) and it is 
the first structured and systematic test that used 4D US 
technology to assess the functional development of the 
central nervous system of the fetus in a similar way that 
neonates are examined postnatal for brain damage by 
neonatal neurological tests.31 The parameters included 
in KANET are combination of general movements and 
parameters that have already shown to be sufficient in 
ATNAT such as overlapping sutures and neurological 

thumb.31 The KANET test was standardized in Osaka, 
Japan on the 24th of October 2010, in order for the test 
to become more sufficient, reproducible and applicable 
by fetal medicine specialists.33 According to the Osaka 
Consensus Statement the KANET should be performed in 
the 3rd trimester of pregnancy, between 28 and 38 weeks 
and fetuses should be examined while they are awake. If 
the fetus is in the sleeping period, the assessment should 
be postponed for 30 minutes or for the following day, at a 
minimum period of 14 to 16 hours. Studies dealing with 
the use of KANET in normal pregnancies have shown 
that a normal prenatal KANET score is significantly pre-
dictive of normal postnatal neurological outcome,34 while 
infants with abnormal or borderline KANET should be 
submitted to postnatal follow-up.35-39 

The KANET test should be performed by licensed 
professionals using a four-dimensional ultrasound (4D 
US). At our department the exposure time per patient 
is always on the investigator’ s mind the duration of 
examinations rarely exceeds 20 minutes and it is never 
longer than 30 minutes according to the internal ethical 
approval of the Institution. Patients are always explained 
in details about the nature and possible findings of the 
test and the compliance is always good since the exami-
nation is always followed by the display of good three 
and four-dimensional ultrasound pictures of the fetus to 
the future mother. All parameters of the KANET scoring 
system are evaluated quantitatively and qualitatively, 
assigning to each parameter scores from 0 to 2. Scores 
from all parameters are summarized forming a total 
KANET score. In cases of abnormal or of borderline score, 
the test is repeated every 2 weeks until delivery while 
all the infants examined by the KANET are followed up 
by our neonatologists and pediatricians to the age of 14.

At our department KANET has already been intro
duced in everyday clinical practice as a reproducible 
and sensitive prenatal screening neurological test. The 
results of KANET are still analyzed in comparison with 
postnatal neurologic follow-up but we hope that our 
results combined with numerous other ongoing studies 
will answer the questions about statistical value of the test 
and will help the introduction of the KANET as widely 
accepted prenatal assessment of fetal neurobehavior. 
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