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Abstract

One of the greatest challenges of obstetrical ultrasonography is the better understan-
ding of fetal neurological function. Neurological problems such as cerebral palsy are
poorly understood and often falsely attributed to intrapartum events, while for the
majority of cerebral palsy cases it has been proven that the causative pathway starts
long before delivery. Several attempts have been made in order to define normal and
abnormal fetal neurological function and to develop a method of assessment of the
integrity of the fetal nervous system, but still without satisfactory sensitivity.

Fetal behavioral patterns are directly reflecting developmental and maturati-
onal processes of fetal central nervous system. It has been suggested that the asse-
ssment of fetal behavior during different periods of gestation may provide valuable
information about normal and abnormal brain development, and coniribute (o the
early diagnosis of various structural or functional neurological abnormalities. The
introduction of three and four dimensional ultrasound (3D & 4D) allowed real time
assessment of fetal behavior. Details of the fetal face, and especially movements
of mouth, eyes (facial expressions) and fingers have been made possible with the
introduction of 4D ultrasound. KANET is the first method that attempted to use 4D
ultrasound in order to assess and combine parameters of fetal behavior and form
a scoring system that would assess the fetus in a comprehensive and systematic
approach, in the same way that neonatologists perform a neurological assessment in
newborns during the first days of their life, in order to determine their neurological
status. KANET appears to be able to identify functional characteristics of the fetus
that predict normal and abnormal neurological development and hopefully future
results of the prospective multicentric studies that are taking place at the moment in
the next few years it will provide more information on fetal neurology. Such infor-
mation will be of great value in counseling mothers of high risk pregnancies, like for
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example in cases with previous child with cerebral palsy and also provide valuable
evidence for cases of litigation.

Key words: Fetal behavior, fetal brain function, KANET test, 4D sonography

Introduction

Recent advances of technology and especially of three dimensional (3D) and
four dimensional (4D) ultrasound, have given us the opportunity to study in
real time and with explicit detail parts of fetal anatomy and fetal activity, that
we could not imagine it would be possible even a few years ago. We now
know that there is a specific fetal behavioral pattern that corresponds to each
week or trimester of fetal life and this pattern reflects the steps of human bra-
in development and maturation (1-4). The development of the human brain
is a long lasting procedure that with specific developmental stages, starting
from the first few weeks of in utero life and continues long after birth, in such
a way that it remains incomplete at the end of in utero life and continues to
evolve for decades after birth (4). Human brain development is also very
sensitive and affected by wide variety of factors and defects at any of stage
of fetal or neonatal life. For example in neonates born very prematurely the
brain development ex utero as much as we try to resemble the intrauterine
environment cannot follow the genetically programmed growth pattern that
the brain should have in utero (5-6). Genetic factors, external stimuli, patho-
logical conditions or even environmental changes, can affect the fetal human
brain up to a degree that may be difficult to assess, especially prenatally.
Many times we cannot detect fetal brain impairment, and even in cases when
we suspect that fetal brain impairment may exist, in most cases we are una-
ble to clarify how will the fetus be affected. Neurological compromises may
occur prenatally, perinatally and/or even postnatally or neonatally, and their
clinical picture, varies ranging from mild behavioral and learning disabilities
to severe cerebral palsy (CP) (4). Neurological disability is one of the most
feared complications in obstetrics and its diagnosis antenatally is one of the
greatest challenges. The assessment fetal neurobehavior both in normal and
abnormal cases is a major project, since first of all we need to study and un-
derstand the normal cases before we can compare them with the pathological
ones in order to draws safe conclusions (6-7).

Can we assess fetal behavior with ultrasound?

We know that fetal behavioral patterns reflect the degree of development and
maturation of the fetal nervous system, and it has also been proved that the
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quality and quantity of fetal movements reflect the neurological integrity of
the fetus (8-17). The introduction of two dimensional ultrasound allowed the
assessment of fetal anatomy, but also the direct monitoring of fetal activity
(18). Fetal movements were studied and analyzed with 2D even 30 years ago
(18-21), and further studies suggested that the assessment of fetal behavior in
the specific periods of in utero life could make it possible to distinguish betwe-
en normal and abnormal brain developmental patterns (21-24). Advances in
ultrasound technology introduced 3D & 4D ultrasound, offering exceptional
images of the fetus in utero and in real time, allowing to evaluate even the
movements and the behavior of the fetus in utero, overcoming the problem
of subjective poorer quality images obtained with 2D ultrasound (24-28). 4D
ultrasound allows imaging of details of fetal face and fetal expressions (e.g.
smiling, crying, mouthing and blinking), something that cannot be achieved
with 2D ultrasound. Studies have shown that with 4D ultrasound it is feasible
to distinguish between normal and abnormal behavioral patterns of the fetus,
which could eventually lead to early diagnosis of brain impairment, enabling
us to produce measurable parameters for the assessment of normal neurobe-
havioral development (29-32).

Fetal movements occur much earlier than when pregnant women can
feel them, even during the embryonic period starting with gross, asynchro-
nized movements of the whole embryo and finally leading to organized and
detailed movements, as well as facial expressions towards the end of the pre-
gnancy (33-34). Regarding neonates the assessment of neonatal behavior is a
better predictor of neurodevelopmental disability than neurological examina-
tion. So the question would be whether by studying fetal behavior we could
identify cases of normal and abnormal brain development, and also whether
we could achieve earlier diagnosis of various structural or functional abnor-
malities of the fetal nervous system (1-4,18-23,58). The first structured and
systematic way for assessing the integrity of the fetal central nervous system,
by using 4D ultrasound, was called Kurjak’s antenatal neurodevelopment test
(KANET), and its innovation is that it assesses the fetus in utero in the same
way that neonates are examined postnatally for brain damage, incorporating
parameters from neonatal neurological tests (Amiel-Tison), with the use of
4D ultrasound (35-38).

What is Kurjak’s Antenatal NEurodevelopmental Test (KANET)?

Kurjak’s antenatal neurobehavioral test (KANET) is a new scoring system for
the assessment of fetal neurobehavior based on prenatal evaluation of the fetus
by 3D/4D ultrasound (35). It is a combination of some parameters consisting
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of fetal general movements (GM) and of postnatal Amiel-Tison Neurological
Assessment at Term (ATNAT) signs, which can be easily visualized prena-
tally by using 4D ultrasound (36,40). The following parameters have been in-
corporated 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, Gestalt perception of general movements (overall perception of the
body and limb movements with their qualitative assessment).

Several papers have shown that there is a continuity of behavior from
pre- to postnatal life 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). This is probably due to a
different environment to which fetus and neonate are exposed. The fetus lives
in an environment of microgravity, while the newborn is exposed to full gra-
vity, which creates certain obstacles for neurodevelopment in the first months
of life (6). The parameters were chosen based on developmental approach to
the neurological assessment and on the theory of central pattern generators of
general movements emergence, and were the product of multicentric studies
conducted for several years (39-40). KANET is a combination of assessments
of fetal behavior, general movements and three out of four signs which have
been postnatally considered as symptoms of possible neurodevelopmental
impairment (neurological thumb, overlapping sutures and small head circum-
ference) (42).

KANET test has been standardized, it is reproducible and easily appli-
ed by fetal medicine specialists (42). KANET should be performed in the 3™
trimester of pregnancy, between 28 and 38 weeks. The duration of the exa-
mination should last between 15-20 minutes, 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 14-16 hours. In cases of grossly abnormal or of borderline score, the
test should be repeated every two weeks until delivery. Special attention sho-
uld be paid to the facial movements and to eye blinking, which are prenatally
very informative and important (“the face is the mirror of the brain”). Overall
number of movements should be defined in very active or inactive fetuses and
compared with normal values of previous studies (39-40). All the examiners
should have extensive hands-on education for the application of KANET test,
both in low and in high-risk pregnancies. Interobserver and intraobservere
variability should be available. It is advisable to use 4D ultrasound machines,
with frame rate of minimum 24 volumes/second. KANET consists of eight
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parameters. A score range of 0-5 is characterized as abnormal, a score calcu-
lated from 6-13 is considered borderline and a score range of 14-20 is normal.
After that neonates should be followed up postnatally for neurological deve-
lopment for a two years period.

The test evaluates quantitative as well as qualitative aspects of fetal
motor behavioral patterns. The parameters examined by this test are a com-
bination of general movements (GMs) and parameters adopted from Amiel
Tison Neurological assessment at term (ATNAT) (43-44). The criterion of
quality and quantity of spontaneous GMs is believed to have excellent reliabi-
lity in evaluating the integrity of fetal CNS (22,45). Furthermore a continuity
of behavioral patterns from prenatal to the postnatal period has been proven
(46-48). Both those facts justify the choice of the parameters used in this test,
making KANET theoretically appropriate for the assessment of fetal behavi-
or. According to previous reports (49-54) KANET easily recognizes serious
functional impairment associated with structural abnormalities. Studies have
shown that application of KANET in both low and high risk populations has
given good results and especially in high risk populations, KANET may pro-
vide useful information regarding the neurological outcome of these fetuses
(55). KANET is the first test which is based on 4D ultrasound, with an ori-
ginal scoring system and has been standardized, so it can be implemented
in everyday practice, overcoming the practical difficulties and covering the
gaps of methods that were used in the past for the evaluation of fetal behavior
(57-60). Studies show that KANET is easily applicable to most pregnancies,
the learning curve is reasonable for physicians who already have training in
obstetrical ultrasound and the actual duration of KANET ranges from 15-
20 minutes, showing strong evidence that it can be widely implemented in
everyday clinical practice (53).

What have studies about KANET shown so far?

One of the first studies to use a preliminary form of the KANET scoring sys-
tem was that by Andonotopo et al in 2006. They aimed to assess fetal facial ex-
pression and quality of body movements and examine if they are of diagnostic
value for brain impairment in fetuses with growth restriction. In that prospec-
tive study of 50 pregnancies with [UGR fetuses in the 3™ trimester of preg-
nancy, a tendency of less behavioural activity in [UGR than normal fetuses has
been noted. The results of the study encouraged future investigation of the use
of 4D ultrasound for quantitative and qualitative assessment of fetal behaviour
as possible indicators of the neurological condition in IUGR fetuses (54).
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The Zagreb group in 2008, were the first to introduce the KANET for
the assessment of neurological status of the fetus, aiming to the detection of
fetal brain and neurodevelopmental alterations due to in utero brain impa-
irment. In order to develop the new scoring system they identified severely
brain damaged neonates and neonates with good neurological condition and
then compared the neonatal findings, with corresponding findings in utero. In
the group of 100 low-risk pregnancies they retrospectively applied KANET.
After delivery, postnatal neurological assessment (ATNAT) was performed
and all neonates assessed as normal reached a score between 14-20, which was
assumed to be the score of optimal neurological development. New scoring
system was applied in the group of 120 high-risk pregnancies in which, based
on postnatal neurological findings, three subgroups of newborns were iden-
tified: normal, mildly or moderately abnormal and abnormal. Based on this,
a neurological scoring system has been proposed. All normal fetuses reached
a score from 14-20. Ten fetuses who were postnatally described as mildly or
moderately abnormal achieved a prenatal score of 5-13, while another ten
fetuses postnatally assigned as neurologically abnormal had a prenatal score
0-5. Among this group four had alobar holoprosencephally, one had severe
hypertensive hydrocephaly, one had thanatotrophic dysplasia and four fetuses
had multiple malformations. This study inspired a large series of multicenter
studies that used the KANET in order to assess the usefulness of this promi-
sing new scoring system for the assessment of neurological status in fetuses
and the recognition of signs of early brain impairment in utero (25,32).

The results of the first multicenter study, which included 288 high risk
pregnancies, from four different centers, were published in 2010. They identi-
fied seven cases with abnormal KANET and twenty five cases with borderline
KANET score, yielding 32 fetuses at neurological risk. There were also 11 ca-
ses with abnormal KANET, of which 6 fetuses died in utero and 5 were termi-
nated. The seven remaining neonates with abnormal KANET were followed
up postnatally at 10 weeks and out of these seven cases, three were found to
have abnormal ATNAT scoring postnatally. These were a case of arthrogrypo-
sis, a case of vermis aplasia and a fetus whose previous sibling had verified
cerebral palsy. The fetuses in these three cases had especially reduced facial
movements — the faces were like masks during the ultrasounds. The remai-
ning four cases were considered normal (ventriculomegaly, pre-eclampsia,
thrombophilia, oligohydramnios). Out of 25 borderline KANET there were
22 borderline newborns by ATNAT, whereas three were normal (ventriculo-
megaly, syndrome of intra-amniotic infection, maternal thrombocytopenia).
Those who were abnormal prenatally and normal postnatally had the following
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prenatal risk-factors: ventriculomegaly, Dandy-Walker malformation, skeletal
dysplasia, polyhydramnios, gestational diabetes, hydrocephaly, thrombophi-
lia, pre-eclampsia, achondroplasia, oligohydramnios, non-immune hydrops,
intra-amniotic infection, [UGR, trisomy 21, thrombocytopenia. Out of three
abnormal neonates neonates after ATNAT assessment two had definitely ab-
normal Prechtl’s premature GMs (arthrogryposis and vermis aplasia) and an
additional six were considered abnormal (neonate of the mother with the pre-
vious cild with CP, Dandy-Walker syndrome, hydrocephaly, trisomy 21, ven-
triculomegaly, non-immune hydrops). The remaining 21 children had normal
optimal or normal suboptimal GMs. During their study they also followed the
pregnancy of a fetus with acrania, which the mother had refused to termina-
te due to religious reasons, documenting the evolution of the fetal behavior
from 20 weeks and as the motor control was shifting from the lower to the
upper control center the fetus ended up with a very low KANET score. The
authors reached the conclusion that there is a potential for antenatal detection
of serious neurological conditions, especially in identifying the fetuses from
high-risk pregnancies at neurological risk (49).

Miskovic et al applied KANET in 226 cases, both high and low risk
pregnancies and compared the results. They found three cases of abnormal
KANET, that had chromosomal abnormalities and all three had abnormal
ATNAT, as well. The KANET scores from both groups were compared to
the results of the ATNAT tests, and found statistically significant difference
among the low and the high risk groups, for eight out of the ten KANET
parameters (isolated anteflexion of the head, eye blinking, facial expressions
— grimacing, tongue expulsion, mouth movement such as yawning, jawing,
swallowing — isolated hand movements, hand to face movements, fist and fin-
ger movements and general movements). Comparison of KANET and ATNAT
showed statistically significant, moderate correlation between the two tests,
which means that the neuropaediatric exam (ATNAT) confirmed the prenatal
findings of 4D ultrasound examination (KANET). The authors concluded that
these preliminary results were promising and stated that further studies are
needed before the test could be recommended for wider clinical practice (53).

Talic et al around the same period, in a multicenter study, published
the largest series of KANET so far, with 620 singleton pregnancies, both
low and high risk cases (100 low risk and 520 high risk cases), excluding
however fetuses with structural abnormalities, that were studied between
26 and 38 weeks of gestation. Fetuses with congenital anomalies multiple
pregnancies were excluded from the study. The high risk group of patients
consisted of the following subgroups: threatened preterm delivery with or
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without preterm rupture of membranes (PPROM), previous child diagnosed
with CP, hypertension in pregnancy with or without pre-eclampsia, diabe-
tes before pregnancy or gestational diabetes, intrauterine growth restriction,
polyhydramnios, Rhesus isoimmunisation, placental bleeding and maternal
fever >39°C. Analysis of the data confirmed statistically significant differen-
ce in the distribution of fetal KANET scores between the two populations.
Impressively the largest incidence of fetuses with abnormal KANET was no-
ticed in the subgroup of participants with a previous child diagnosed with
cerebral palsy (23.8%) and the largest incidence of fetuses with borderline
KANET was observed in the subgroup of mothers with fever (56.4%). The
following parameters of KANET test significantly differed between the fe-
tuses from low and high-risk pregnancies: 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. The authors observed that a low
KANET score is predictive of both intrauterine or neonatal death — they had
two intrauterine deaths in fetuses with low KANET (scores of 3 and 4 res-
pectively) and one neonatal death (with a KANET score of 2). In 10 out of 36
fetuses with abnormal KANET after 2 and 6 months, postnatal neurological
examination indicated severely abnormal finding: four of them had severe
generalized spasticity. The study demonstrated the potential of KANET to
detect and discriminate normal from borderline and abnormal fetal behavior
in normal and in high-risk pregnancies. Other neonates are still followed up
in this study, in order to reach safe conclusions (52).

Honemeyer et al studied 100 fetuses, who underwent, between 28-
38 weeks of gestation, up to 3 times during their pregnancy assessment by
KANET. The fetuses were followed-up postnatally, immediately after deli-
very and again at 12 weeks of life, with systematic neurological assessment
by the neonatologist. The results from the scoring systems of pre-and postna-
tal evaluation were compared. Results showed that a normal prenatal KANET
score is significantly predictive of normal postnatal neurological assessment
of the newborn immediately after delivery and at 12 weeks of life. The aut-
hors concluded that that normal antenatal KANET scores is a very good pre-
dictor of a normal postnatal neurological outcome (61).

Lebit et al used part of the KANET to assess fetal movements thro-
ughout pregnancy in 144 low risk pregnancies, between 7-38 weeks of ge-
station, concluding to a specific pattern of fetal behavior for each trimester
of pregnancy (34). The authors noticed that in the first trimester fetal move-
ments grow rapidly in frequency and complexity, while in the second half of
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pregnancy the motor behavior significantly increases in frequency and varia-
bility. Facial expressions and eye movements also appear in second trimester,
with the first eye movements starting at about 18 weeks. In late pregnancy
fetal movements show a decline and the periods of rest start to grow. This
decrease is rather a consequence of the brain maturation process rather than
reduced amount of amniotic fluid (25,33). They concluded that dynamic eva-
luation of fetal behavior reflects directly the processes of maturation and de-
velopment of the central nervous system and that KANET test has much to
offer in the assessment of fetal behavior (34).

A very important study was that by Talic et al which aimed to assess
the differences in fetal behavior in both normal fetuses and fetuses with cere-
bral ventriculomegaly, by using KANET. They studied 240 fetuses between
32-36 weeks of gestation, 140 fetuses with venticulomegaly and 100 normal
fetuses. 6% of the fetuses from the low risk-control group had pathological
KANET scores, while 34.9% of the fetuses with ventriculomegaly had patho-
logical KANET. The largest number of abnormal KANET scores was found
in 22 fetuses with severe ventriculomegaly, accompanied by other structural
abnormalities (Dandy-Walker, Arnold-Chiari, agenesis of the corpus callo-
sum, holoprosencephaly, encephalocele, spina bifida, choroid plexus cyst,
osteogenesis imperfect type II, thanatophoric dysplasia type I and Meckel
Gruber syndrome). There were no fetuses with abnormal KANET in the gro-
up of isolated mild and moderate ventriculomegaly. The authors concluded
that prenatal neurological findings of the fetuses by application of KANET
test is in concordance with their postnatal outcome and that evaluation of fetal
behavior by KANET in fetuses with cerebral ventriculomegaly had the poten-
tial to detect fetuses with abnormal behavior, adding a functional dimension
of the central nervous system evaluation to the brain morphology. Also the
degree of ventriculomegaly and the presence of coexisting congenital malfor-
mations, appeared to be important factors determining the final KANET sco-
re. The results of this study were very positive and showed that KANET could
provide useful information for the correct assessment and counseling of pa-
tients with a common finding, such as ventriculomegaly, the significance of
which is not well defined (55).

More recently, Abo-Yaqoub et al studied 40 pregnant women with high
risk pregnancies for neurological abnormalities, between 20 and 38 weeks
of gestation using KANET scoring system and compared the results with 40
low risk cases, in order to determine the role of 4D ultrasound in prenatal
assessment of fetal neurobehavior and in the prediction of adverse neurolo-
gical outcome. The difference in the range of KANET score was significant
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between the 2 groups and all cases with abnormal KANET proved to be ab-
normal postnatally, whereas those with normal or borderline KANET scores
were neurologically normal at least in the early neonatal period that they were
assessed. The parameters that were significantly different between the two
groups were: isolated head anteflexion, isolated eye blinking, facial expressi-
ons, mouth movements, isolated hand movements, hand-to-face movements,
finger movements and general movements. For isolated leg movements and
cranial sutures, the difference was not significant (51).

Vladareanu et al. applied KANET in 196 singleton pregnancies (61 low
risk and 135 high risk patients) between 24 and 38 weeks of gestation in a pe-
riod of 3 years. Most fetuses in the study who obtained normal KANET score
belonged to the low risk pregnancies, those who obtained borderline score
were fetuses with intrauterine growth restriction (IUGR) and with increased
resistance index (RI) of middle cerebral artery (MCA) and most fetuses with
abnormal KANET score derived from pregnancies complicated by threatened
preterm delivery with PPROM. There was statistical significant difference
in fetal movements in the two groups. In normal pregnancies, most foetuses
(93.4%) achieved a normal KANET score compared to 78.5% of the foetuses
from high risk pregnancies. Borderline and abnormal scores were dominant
in high risk pregnancies. In the high risk pregnancy group, most abnormal
KANET scores were in pregnancies complicated by threatened preterm de-
livery with PPROM (25%). Most foetuses 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 Rh isoimmunisa-
tion without hydrops fetalis (96%). The characteristics of reduced speed and
amplitude were found in the threatened preterm delivery group. There was a
reduction of both number and duration of general movements in the [UGR
group. The IUGR foetuses moved less and their general movements were
poorly organised. Alterations in the quality of fetal movements were accom-
panied by considerable decrease in the quantity of fetal movements. The aut-
hors concluded that KANET can be useful for early diagnosis of neurological
disorders that become manifest in perinatal and postnatal period (62).

Honemeyer et al. studied 56 singleton pregnancies (24 low-risk and
32 high-risk cases) between 28-38 weeks of gestation and applied serial
KANETSs on them, performing a total of 117 tests in total. They did not iden-
tify 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,
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which 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 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 characterised them as active periods, compared with
33.3% in the low-risk pregnancies. The authors concluded that KANET is
suggestive of expressing the risk for neurodevelopmental fetal disorders, but
the connection of fetal diurnal rhythm and pregnancy risk status should be
investigated further (63).

Kurjak et al. studied 869 high and low risk singleton pregnancies taking
under consideration the results of the Doppler studies of umbilical and midd-
le cerebral arteries, and noticed that fetal behavior was significantly diffe-
rent between the normal group and the following subgroups of fetuses: fetal
growth restriction (FGR), gestational diabetes mellitus, threatened preterm
birth, antepartum haemorrhage, maternal fever, sibling with cercbral palsy,
and polyhydramnios (74). The authors concluded that their study showed a
new clinical application of the KANET test in early identification of fetuses
at risk for adverse neurological outcome.

Conclusion

One of the greatest challenges of obstetrical ultrasonography is the better
understanding of fetal neurological function [38,64]. Neurological problems
such as cerebral palsy are poorly understood and often falsely attributed to
intrapartum events, while for the majority of cerebral palsy cases it has been
proven that the causative pathway starts long before delivery (65-67). Several
attempts have been made in order to define normal and abnormal fetal neu-
rological function and to develop a method of assessment of the integrity of
the fetal nervous system, but still without satisfactory sensitivity (49, 66-68).

Fetal behavioral patterns are directly reflecting developmental and
maturational processes of fetal central nervous system (66-68). It has been
suggested that the assessment of fetal behavior during different periods of
gestation may provide valuable information about normal and abnormal brain
development, and contribute to the early diagnosis of various structural or
functional neurological abnormalities (19). The introduction of three and four
dimensional ultrasound (3D & 4D) allowed real time assessment of fetal be-
havior. Details of the fetal face, and especially movements of mouth, eyes (fa-
cial expressions) and fingers have been made possible with the introduction
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of 4D ultrasound (69-73). KANET is the first method that attempted to use
4D ultrasound in order to assess and combine parameters of fetal behavior
and form a scoring system that would assess the fetus in a comprehensive
and systematic approach, in the same way that neonatologists perform a ne-
urological assessment in newborns during the first days of their life, in order
to determine their neurological status (34). KANET appears to be able to
identify functional characteristics of the fetus that predict normal and abnor-
mal neurological development and hopefully future results of the prospective
multicentric studies that are taking place at the moment in the next few years
it will provide more information on fetal neurology. Such information will be
of great value in counseling mothers of high risk pregnancies, like for exam-
ple in cases with previous child with cerebral palsy and also provide valuable
evidence for cases of litigation.

References

1. Yigiter AB, Kavak ZN. Normal standards of fetal behavior assessed by four-dimensional
sonography. J Matern Fetal Neonatal Med. 2006 Nov;19(11):707-21

2. Rees S, Harding R. Brain development during fetal life: influences of the intra-uterine
environment. Neurosci Lett. 2004 May 6;361(1-3):111-4

3. Joseph R. Fetal brain and cognitive development. Dev Rev 1999;20:81-98

4. Kurjak A, Carrera JM, Stanojevic M, Andonotopo W, Azumendi G, Scazzocchio E, Medic
E, Salihagic-Kadic A. The role of 4D sonography in the neurological assessment of early
human development. Ultrasound Rev Obstet Gynecol. 2004;4(3):148-159

5. Eidelman Al. The living fetus e dilemmas in treatment at the edge of viability. In: Blazer
S, Zimmer EZ, editors. The embryo: scientific discovery and medical ethics. Basel:
Karger; 2005. p. 351¢70.

6. Stanojevic M, Zaputovic S, Bosnjak AP. Continuity between fetal and neonatal
neurobehavior. Semin Fetal Neonatal Med. 2012 Jul 16

7. Haak P, Lenski M, Hidecker MJ, Li M, Paneth N. Cerebral palsy and aging. Dev Med
Child Neurol. 2009 Oct;51 Suppl 4:16-23

8. Einspieler C, Prechtl HF. Prechtl’s assessment of general movements: a diagnostic tool
for the functional assessment of the young nervous system. Ment Retard Dev Disabil Res
Rev. 2005;11(1):61-7

9. Salihagic-Kadic A, Kurjak A, Medi¢ M, Andonotopo W, Azumendi G. New data about
embryonic and fetal neurodevelopment and behavior obtained by 3D and 4D sonography.
J Perinat Med. 2005;33(6):478-90

10. Moster D, Wilcox AJ, Vollset SE, Markestad T, Lie RT. Cerebral palsy among term and
postterm births. JAMA. 2010 Sep 1;304(9):976-82

11. Almli CR, Ball RH, Wheeler ME. Human fetal and neonatal movement patterns: gender
difference and fetal-to-neonatal continuity. Dev Psychobiol 2001;38:252-73

12. DiPietro JA, Bronstein MH, Costigan KA, Pressmen EK, Hahn CS, Painter K, Smith BA,
Yi LJ. What does fetal movement predict about behavior during the first two years of life?
Dev Phych 2002;40:358-71

Fetalna medicina: Od Leonarda da Vincija do danas 27



13. DiPetro JA, Hodson DM, Costigan KA, Johnson TR. Fetal antecedents of infant
temperament. Child Dev 1996;67:2568-83

14. DiPietro JA, Costigan KA, Pressman EK. Fetal state concordance predicts infant state
regulation. Early Hum Dev 2002;68:1-13

15. Thoman EB, Denenberg VH, Sievel J, Zeidner LP, Becker P. State organization in
neonate: developmental inconsistency indicates risk for developmental dysfunction.
Neuropediatrics 1981;12:45-54

16. St James-Roberts I, Menon-Johansson P. Predicting infant crying from fetal movement
data: an exploratory study. Early Hum Dev 1999;54:55-62

17. Einspieler C, Prechtl HFR, Ferrari F. The qualitative assessment of general movements in
preterm, term and young infants-review of the methodology. Early Hum Dev 1997;50:47-
60

18. Precht HFR. Qualitative changes of spontaneous movements in fetus and preterm infant
are a marker of neurological dysfunction. Early Hum Dev 23 (1990) 151

19. de Vries J1I, Visser GH, Prechtl HF. The emergence of fetal behaviour. II. Quantitative
aspects. Early Hum Dev. 1985 Nov;12(2):99-120.

20.de Vries JI, Visser GH, Prechtl HF. The emergence of fetal behaviour. III. Individual
differences and consistencies. Early Hum Dev. 1988 Jan;16(1):85-103.

21.de Vries JI, Visser GH, Prechtl HF. The emergence of fetal behaviour. I. Qualitative
aspects. Early Hum Dev. 1982 Dec;7(4):301-22

22.Nijhuis JG, ed. Fetal Behaviour: Developmental and Perinatal aspects. Oxford, Oxford
University Press: 1992

23. Prechtl HF. State of the art of a new functional assessment of the young nervous system.
An early predictor of cerebral palsy. Early Hum Dev 1997;50:1-11

24. Kurjak A, Luetic AT. Fetal neurobehavior assessed by three-dimensional/four dimentional
sonography. Zdrav Vestn 2010;79:790-799

25. Salihagic-Kadic A, Medic M, Kurjak A, et al. 4D sonography in the assessment of fetal
functional neurodevelopment and behavioural paterns. Ultrasound Rev Obstet Gyiiccol.
2005;5:1-15.

26.Kurjak A, Pooh R, Tikvica A, et al. Assesment of Fetal Neurobehavior by 3D/4D
Ultasound. Fetal Neurology. 2009:222-250.

27.Lebit DF, Vladareanu PD. The Role of 4D Ultrasound in the Assessment of Fetal
Behaviour. Maedica (Buchar). 2011 Apr;6(2):120-7

28.Merz E, Abramowicz JS. 3D/4D Ultrasound in Prenatal Diagnosis: Is it Time for Routine
Use? Clin Obstet Gynecol. 2012 Mar;55(1):336-51

29. Kurjak A, Vecek N, Hafner T, Bozek T, Funduk-Kurjak B, Ujevic B. Prenatal diagnosis:
what does four-dimensional ultrasound add? J Perinat Med. 2002;30(1):57-62

30. Kurjak A, Vecek N, Kupesic S, Azumendi G, Solak M. Four dimensional ultrasound:
how muvh does it improve perinatal practice? In: Carrera JM, Chervenak FA, Kurjak A,
(eds) Controversies in perinatal medicine, studies on the fetus as a patient. A CRC press
company Parthenon Publicing New York 2003:222

31. Andonotopo W, Stanojevic M, Kurjak A, Azumendi G, Carrera JM. Assessment of fetal
behavior and general movements by four-dimentional sonography. Ultras Rev Obstet
Gynecol 2004;4:103-8

32. Kurjak A, Carrera J, Medic M, Azumendi G, Andonotopo W, Stanojevic M. The antenatal
development of fetal behavioral patterns assessed by four-dimensional sonography. J
Matern Fetal Neonatal Med. 2005 Jun;17(6):401-16

28 Fetalna medicina: Od Leonarda da Vincija do danas



33.Kurjak A, Pooh R, Tikvica A, et al. Assessment of fetal neurobehaviour by 3D/4D
ultrasound. Fetal Neurology. 2009:222-250.

34 Kurjak A, Tikvica A, Stanojevic M, Miskovic B, Ahmed B, Azumendi G, Di Renzo
GC. The assessment of fetal neurobehavior by three-dimensional and four-dimensional
ultrasound. J Matern Fetal Neonatal Med. 2008 Oct;21(10):675-84

35. Kurjak A, Miskovic B, Stanojevic M, Amiel-Tison C, Ahmed B, Azumendi G, Vasilj O,
Andonotopo W, Turudic T, Salihagic-Kadic A. New scoring system for fetal neurobehavior
assessed by three- and four-dimensional sonography. J Perinat Med. 2008;36(1):73-81

36. Gosselin J, Gahagan S, Amiel-Tison C. The Amiel-Tison Neurological Assessment at
Term: conceptual and methodological continuity in the course of follow-up. Ment Retard
Dev Disabil Res Rev. 2005;11(1):34-51

37. Amiel-Tison C, Gosselin J, Kurjak A. Neurosonography in the second half of fetal life: a
neonatologist’s point of view. J Perinat Med. 2006;34(6):437-46

38. Tomasovic S, Predojevic M. 4D Ultrasound — Medical Devices for Recent Advances on
the Etiology of Cerebral Palsy. Acta Inform Med. 2011;19(4):228-34

39.Kurjak A, Andonotopo W, Hafner T, Salihagic Kadic A, Stanojevic M, Azumendi
G, Ahmed B, Carrera JM, Troyano JM. Normal standards for fetal neurobehavioral
developments — longitudinal quantification by four-dimensional sonography. J Perinat
Med. 2006;34(1):56-65

40. Kurjak A, Stanojevic M, Andonotopo W, Scazzocchio-Duenas E, Azumendi G, Carrera
JM. Fetal behavior assessed in all three trimesters of normal pregnancy by four-
dimensional ultrasonography. Croat Med J. 2005 Oct;46(5):772-80

41. Stanojevic M, Kurjak A, Salihagic-Kadic A, et al. Neurobehavioral continuity from fetus
to neonate. J Perinat Med 2011;39:171-7.

42. Stanojevic M, Talic A, Miskovic B, Vasilj O, Naim Shaddad A, Ahmed B, Salihagic Kadic
A, Predojevic M, Vladareanu R, Lebit D, Abu-Yaqoub S, Al-Noobi M. An Attempt to
Standardize Kurjak’s Antenatal Neurodevelopmental Test: Osaka Consensus Statement.
DSJUOG. October-December 2011;5:317-29

43.Pooh RK, Pooh K. Fetal VM. Donald School J Ultrasound Obstet Gynecol 2007;1:40-46

44. Kurjak A, Ahmed B, Abo-Yaquab S, Younis M, Saleh H, Naim Shaddad A, Vasilj O,
Al Bahar AJ, Miskovic B, Khenyab N. An Attempt to Introduce Neurological Test for
Fetus Based on 3D and 4D Sonography Donald School J Ultrasound Obstet Gynecol
2008;2:29-34

45.Kuno A, Akiyama M, Yamashiro C, Tanaka H, Yanagihara T, Hata T. Three-dimensional
sonographic assessment of fetal behavior in the early second trimester of pregnancy. J
Ultrasound Med. 2001 Dec;20(12):1271-5

46.Koyanagi T, Horimoto N, Maeda H, Kukita J, Minami T, Ueda K, Nakano H. Abnormal
behavioral patterns in the human fetus at term: correlation with lesion sites in the central
nervous system after birth. J Child Neurol. 1993 Jan;8(1):19-26

47.Kurjak A, Stanojevic M, Andonotopo W, Salihagic-Kadic A, Carrera JM, Azumendi G.
Behavioral pattern continuity from prenatal to postnatal life — a study by four-dimensional
(4D) ultrasonography. J Perinat Med. 2004;32(4):346-53

48. Stanojevic M, Kurjak A. Continuity between Fetal and Neonatal Neurobehavior Donald
School J Ultrasound Obstet Gynecol 2008;2:64-75

49.Kurjak A, Abo-Yaqoub S, Stanojevic M, Yigiter AB, Vasilj O, Lebit D, Shaddad AN,
Ahmed B, Kavak ZN, Miskovic B, Vladareanu R, Barisic LS, Azumendi G, Younis M, Pooh

Fetalna medicina: Od Leonarda da Vincija do danas 29



RK, Kadic AS. The potential of 4D sonography in the assessment of fetal neurobehavior--
multicentric study in high-risk pregnancies. J Perinat Med. 2010;38(1):77-82

50. Andonotopo W, Kurjak A, Kosuta MI. Behavior of an anencephalic fetus studied by 4D
sonography. J Matern Fetal Neonatal Med. 2005 Feb;17(2):165-8

51. Abo-Yaqoub S, Kurjak A, Mohammed AB, Shadad A, Abdel-Maaboud M. The role of
4-D ultrasonography in prenatal assessment of fetal neurobehaviour and prediction of
neurological outcome. J Matern Fetal Neonatal Med. 2012 Mar;25(3):231-6

52. Talic A, Kurjak A, Ahmed B, Stanojevic M, Predojevic M, Kadic AS, Di Renzo GC. The
potential of 4D sonography in the assessment of fetal behavior in high-risk pregnancies.
J Matern Fetal Neonatal Med. 2011 Jul;24(7):948-54

53. Miskovic B, Vasilj O, Stanojevic M, Ivankovi¢ D, Kerner M, Tikvica A. The comparison
of fetal behavior in high risk and normal pregnancies assessed by four dimensional
ultrasound. J Matern Fetal Neonatal Med. 2010 Dec;23(12):1461-7

54. Andonotopo W, Kurjak A. The assessment of fetal behavior of growth restricted fetuses
by 4D sonography. J Perinat Med. 2006;34(6):471-8

55.Talic A, Kurjak A, Stanojevic M, Honemeyer U, Badreldeen A, Direnzo GC. The
assessment of fetal brain function in fetuses with ventrikulomegaly: the role of the
KANET test. ] Matern Fetal Neonatal Med. 2011 Nov; 28

56. Kurjak A, Miskovic B, Andonotopo W, Stanojevic M, Azumendi G, Vrcic H. How useful
is 3D and 4D ultrasound in perinatal medicine? J Perinat Med. 2007;35(1):10-27

57.Horimoto N, Koyanagi T, Maeda H, Satoh S, Takashima T, Minami T, Nakano H. Can
brain impairment be detected by in utero behavioural patterns? Arch Dis Child. 1993
Jul;69(1 Spec No):3-8

58. Morokuma S, Fukushima K, Yumoto Y, Uchimura M, Fujiwara A, Matsumoto M, Satoh
S, Nakano H. Simplified ultrasound screening for fetal brain function based on behavioral
pattern. Early Hum Dev. 2007 Mar;83(3):177-81

59. Prechtl HF, Einspieler C. Is neurological assessment of the fetus possible? Eur J Obstet
Gynecol Reprod Biol. 1997 Dec;75(1):81-4

60. Nijhuis JG, Prechtl HF, Martin CB, Bots RS. Are tere behavioral states in the human
fetus? Early Hum Dev 1982;6:177-195

61. Honemeyer U, Kurjak A. The use of KANET test to assess fetal CNS function. First 100
cases. 10th World Congress of Perinatal Medicine 8-11 November 2011. Uruguay. Poster
presentation P209

62. Vladareanu R, Lebit D, Constantinescu S. Ultrasound assessment of fetal neurobehaviour
in high-risk pregnancies. DSJUOG April-June 2012;6(2)Q132-47

63. Honemeyer U, Talic A, Therwat A, Paulose L, Patidar R. The clinical value of KANET in
studying fetal neurobehavior in normal and at-risk pregnancies. J Perinat Med. 2012 Sep
28;0(0):1-11

64. Hepper PG. Fetal behavior: why so skeptical? Ultrasound Obstet Gynecol 1996:8:145-8

65. Greenwood C, Newman S, Impey L, Johnson A. Cerebral palsy and clinical negligence
litigation: a cohort study. BJOG. 2003 Jan;110(1):6-11

66. Strijbis EM, Oudman I, van Essen P, MacLennan AH. Cerebral palsy and the application
of the international criteria for acute intrapartum hypoxia. Obstet Gynecol. 2006
Jun;107(6):1357-65

67.de Vries JI, Fong BF. Changes in fetal motility as a result of congenital disorders: an
overview. Ultrasound Obstet Gynecol. 2007 May;29(5):590-9

30 Fetalna medicina: Od Leonarda da Vincija do danas



68.de Vries JI, Fong BF. Normal fetal motility: an overview. Ultrasound Obstet Gynecol.
2006 Jun;27(6):701-11

69. Rosier-van Dunné FM, van Wezel-Meijler G, Bakker MP, de Groot L, Odendaal HJ,
de Vries JI. General movements in the perinatal period and its relation to echogenicity
changes in the brain. Early Hum Dev. 2010 Feb;86(2):83-6

70.Hata T, Kanenishi K, Akiyama M, Tanaka H, Kimura K. Real-time 3-D sonographic
observation of fetal facial expression. J Obstet Gynaecol Res. 2005 Aug;31(4):337-40

71.Kozuma S, Baba K, Okai T, Taketani Y. Dynamic observation of the fetal face by three-
dimensional ultrasound. Ultrasound Obstet Gynecol. 1999 Apr;13(4):283-4.

72.Kurjak A, Azumendi G, Andonotopo W, Salihagic-Kadic A. Three- and four-dimensional
ultrasonography for the structural and functional evaluation of the fetal face. Am J Obstet
Gynecol. 2007 Jan;196(1):16-28

73. Kurjak A, Predojevic M, Salihagic-Kadic A. Fetal Brain Function: Lessons Learned and
Future Challenges of 4D Sonography. Donald School J Ultrasound Obstet Gynecol 2010;
April-June 2011: Vol.2, Issue 5. Pages No:85-92

74. Kurjak A, Talic A, Honemeyer U, Stanojevic M, Zalud I. Comparison between antenatal
neurodevelopmental test and fetal Doppler in the assessment of fetal well being. J Perinat
Med. 2013 Jan;41(1):107-14

75. Athanasiadis AP, Mikos T, Tambakoudis GP, Theodoridis TD, Papastergiou M,
Assimakopoulos E, Tarlatzis BC. Neurodevelopmental fetal assessment using KANET
scoring system in low and high risk pregnancies. J Matern Fetal Neonatal Med. 2013
Mar;26(4):363-8.

76. Predojevi¢ M, Tali¢ A, Stanojevi¢ M, Kurjak A, Salihagi¢ Kadi¢ A. Assessment of motoric
and hemodynamic parameters in growth restricted fetuses — case study. J Matern Fetal
Neonatal Med. 2013 Jun 20.

Funkecija fetalnog mozga ispitana KANET testom

Asim Kurjak*

Rektor, DIU Libertas Medunarodno sveuciliSte, Zagreb, Hrvatska

Sazetak

Jedan od najvecih izazova u suvremenoj perinatalnoj medicini je upoznavanje funk-
cije fetalnog mozga. Ultrazvuéna dijagnostika napravila je snazan prodor u gotovo
potpuno razumijevanje strukturalnih normalnih i abnormalnih promjena fetalnog
CNS-a. To nije tako s funkcionalnim ispitivanjima i tu se nalazimo tek na pocetku.
2008. godine veliki multinacionalni znanstveni projekt proizveo je novi
test koji omogucéava prenatalno ispitivanje funkcije fetalnog mozga. U cast
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voditelja projekta A. Kurjaka test je medunarodni koncensus u Osaki nazvao po nje-
mu KANET, Kurjak Antenatal Neurodevelopmental Test. Istrazivanja u 10 sveuci-
lisnih srediSta u svijetu zakljucuju da je test vrlo korisna novina jer se po prvi put u
klinicku praksu uvodi novi test temeljen na pracenju pokreta fetusa, izrazima lica i
kontinuitetu izmedu fetalnog i neonatalnog ponasanja. Multicentri¢ne studije poka-
zale su iznenadujuce visoku podudarnost pa je test preporucen za rutinsku upotrebu
u svih trudnica, niskorizi¢nih i visokorizi¢nih. Preliminarni rezultati pokazuju da se
upotrebom KANET-a mogu jos$ u maternici prepoznati fetusi s neuroloskim ostece-
njima od kojih je najtezi oblik mozdana paraliza. Utvrdeno je da kvalitet i kvantitet
fetalnih pokreta pokazuje razlicite 1 uocljive parametre u neuroloski zdravih fetusa
u odnosu na one s neuroloskim poremecajima. Skora rutinska upotreba omogucit ce
prenatalno otkrivanje mozdane paralize. Kako bez dijagnoze nema terapije, jednom
utvrdena medunarodna prihvatljivost testa stimulirat ¢e na traganje za metodama
lijecenja ove do sada neizljecive bolesti. Znanost zna desetine neuroprotektivnih
supstanci koje bi se mogle uvoditi izravno u fetalni krvotok metodom kordocenteze
i tako jos$ u maternici lije¢iti neuroloske poremecaje fetusa. To otvara jednu posve
novu stranicu u povijesti fetalne terapije gdje je i mrvica novog znanja dragocjena.
Autori prikazuju povijest KANET testa, detaljnu analizu medunarodnih rezultata i
daju prakti¢ne upute kako test racionalno i pouzdano primijeniti u trudnice.

Kljuéne rijeci: fetalno ponasanje, funkcija fetalnog mozga, KANET test, 4D
ultrazvuk
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