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ABSTRACT
It is obvious that this environment is quite different from one man
is experiencing after birth, but, although different, intrauterine
environment is ideal at that stage of human development. There
is a question of the environmental discontinuity between intra
uterine conditions characterized by existence of microgravity
(baby astronaut hypothesis), and extrauterine life with gravity as
developmental condition sine qua non. The human brain is one
of the organs which is very sensitive to environmental changes
affecting its growth and development. The brain of very tiny
prematurely born babies is unable to follow the genetically
determined growth pattern in extrauterine environment, even
when postnatal nutrition and nurturing of the babies according
to our best knowledge are appropriate. Is this fact of any signi
ficance to make distinction between normal and abnormal
neurodevelopment pre- and postnatally is still unclear?
Kurjak antenatal neurodevelopmental test (KANET) using
four-dimensional ultrasound (4D US) has been introduced using
ten parameters and after attempt of standardization only eight
parameters remained for neurodevelopmental assessment of
low- and high-risk fetuses. We believe that at present level of
knowledge, KANET test could be considered as a good test
for the detection of fetuses with high neurological risk, without
the possibility to define reliable long-term neurodevelopmental
outcome. This is also hardly possible based on postnatal
neurological assessment with 27 different postnatal tests. They
were primarily neurobehavioral or neuromotor assessments
that were suitable for use with preterm infants, and were
discriminative, predictive or evaluative.
There was a high willingness of clinician to find postnatal
neurodevelopmental test which could be predictive for shortterm and long-term outcome of low and high-risk infants.
Although, there are many tests available for prenatal and
postnatal assessment of neurodevelopment, none of them is
reliable in the prediction of neurodevelopmental outcome in
low-risk population, while many could be used with fairly
acceptable predictivity in high-risk population. Although, many
studies have been conducted in order to solve this problem, still
there is a space for improvement. In postnatal period we are
dealing with infant in front of the clinician with direct observation,
while pretnatally we are dealing with quite different environment
and less mature brain.
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Introduction
The development of ultrasound and other imaging tech
niques enabled better insight into the gravid uterus and
its content,1 nevertheless still intrauterine environment is
mysterious and unexplored. It is obvious that this environ
ment is quite different from one man is experiencing after
birth, but, although different, intrauterine environment is
ideal at that stage of human development. There is a ques
tion of the environmental discontinuity between intraute
rine conditions characterized by existence of microgravity
and extrauterine life with gravity as developmental
condition sine qua non.2,3
Growth velocity of weight, height and different
organs during human development is crucial and should
be preserved in order to enable normal outcome.4 Fetal
growth velocity is quite different than infant growth
velocity.4 The human brain is one of the organs which
is very sensitive to environmental changes affecting
its growth and development. The brain of very tiny
prematurely born babies is unable to follow the growth
pattern designated genetically in extrauterine environment
even when postnatal nutrition and nurturing of the babies
according to our best knowledge are appropriate.4,5 Is this
fact of any significance to make distinction between normal
and abnormal neurodevelopment pre- and postnatally is
still unclear? There is a strong willingness of healthcare
professionals to find out if there is a correlation between
impaired developmental, structural, and processes at the
cellular and molecular level with functional impairment
of the central nervous system. Still, there is very little
progress on that very intriguing issue. There is an attempt
to use so called four-dimensional ultrasound (4D US) in
order to make a functional prenatal screening test for
detection of neurological impairment in utero. On the other
hand, there are 27 different test for postnatal assessment
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of which only eight are enabling acceptable assessment of
neuromotor and neurobehavioral assessment in order to
predict short- or long-term outcome of high-risk infants.4
The possibility for prediction of neurodevelopmental
outcome of low-risk infants is still impossible or poor.5
The aim of the paper is to discuss if there is a possi
bility for prenatal and postnatal assessment of neuro
motor and neurobehavioral development in order to
make long-term prediction of developmental outcome
on the grounds of present knowledge.

Baby Astronaut Hypothesis
It is obvious that intrauterine and extrauterine environ
ments are different with significant repercussion on
development of muscle fibers.6-9 According to the ‘Baby
Astronaut’ or gravity, age, thermoregulation, and oxy
genation (GATO) hypothesis which is trying to explain
synergistic effect of environments different in gravity on
motor system adaptation.8,9 From the point of view of this
hypothesis, development of human individual is character
ized by three different strategies influencing adaptation
of motor fibers to the environmental circumstances.8,9
The first strategy is so called fetal microgravity (FM)
strategy which is characterized by microgravity (gravity
less than 1 G < 1) in intrauterine environment, which is
characterized by enhancing development of fast muscle
fibers and phasic movements of the fetus to survive in
heating, strongly hypoxic, although normal for fetus,
immersion in amniotic fluid.8,9 The amount of amniotic
fluid can influence development of fetal bones. In the
first part of gestation, the human fetus develops under
conditions similar to neutral floating and has an apparent
weight which is approximately 5% of its actual weight.6-9
During the last trimester of gestation, the fetus overgrows
the intrauterine cavity and its apparent body weight is 60
to 80% of its actual weight. Polyhydramnios can reduce
the apparent weight of the fetus to 10 to 20% of its actual
weight with the reduction of the mechanical stress on
fetal bones, affecting their development and ossification.7
The second adaptation strategy is called gravitation/
Earth or GE strategy, characterized by postnatal environ
ment and it could be compared with the astronaut
landing to the Earth.8,9 The environmental condition
characterizing this strategy are lower, but still normal
temperature, normoxia, 1G gravitation, healthy maturation
of slow muscle fibers.8,9 The process of parturition can
be considered as equivalent to cosmonaut’s/astronaut’s
transition from microgravitation back to Earth gravitation
(G = 1) during landing.8,9
During the third so called slow and Jupiter (the most
massive planet and the only planet with G > 1 in the
solar system) (SJ) strategy the motor system undergoes a
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second profound remodeling in older people during
healthy ageing that results in further domination of slow
muscle fibers and slowing down motor unit activity,
simulating the condition of hypergravitation (G > 1).8,9
GATO hypothesis implies that specific sensory condi
tions may substitute for each other owing to their syner
gistic action on the motor system. According to GATO
hypothesis heating and hypoxia may be considered as
‘promicrogravity’ factors, while cold and hyperoxia - as
‘progravity’ ones.8,9
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 4 months of age increased
flexion control balances the strong extensor muscle pat
terns.10 These movements enable the child to develop
weight shifting, which in turn stimulates righting and
equilibrium responses.10,11 The influence of the gravity on
prenatal and postnatal development of motility could be
considered as discontinuity from prenatal (low gravity)
to postnatal life (high gravity) however it proves that dif
ferent environmental conditions significantly influence
behavior and development.

Is There any Significance of Prenatal
and Postnatal Growth Velocity on
Neurodevelopment?
It is obvious that there are differences in growth velocities
of fetuses and infants.4 More than 60 years ago Tanner
had described differences in prenatal growth velocities of
the fetuses concluding that peak growth velocity of fetal
height appears around 20 weeks of gestation while for
weight it is around 30 weeks of gestation.12 Comparison of
crown-heal length velocity pre- and postnatally is shown
on the Graph 1.12 There is a discontinuity between fetal
and infant growth curves. There is considerable evidence
that, beginning at 34 to 36 weeks, fetal growth slows
down, owing to space constraints within the uterus.4,12 A
hypothetical curve of weight gain velocities connecting a
peak weight velocity point at 32 weeks, with a weight gain
velocity point 8 weeks postpartum.4,12 Infants usually lose
some weight immediately after birth which they then
rapidly regain. On average, catch-up growth is greatest
in those infants most delayed in utero.4 As a result, there
is a significant negative correlation between birth weight
and length gain in the early postnatal months.4
Head growth is very important representing growth
of the brain. Tanner showed that head circumference,
as shown on the Graph 2, was increasing from 15 to
25 weeks of gestation for around 11 cm.12 In the period
of 11 postnatal weeks head circumference growth for
boys increased for 5.5 and 5.0 cm for girls.13,14 Premature
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Graph 1: Crown-heel length velocity, cm per 4 weeks of
gestational age12

Graph 2: Distance curves of head circumference in cm for gestational
age in weeks, with the 50th centile and 2 standard deviations12

infants of gestational age 28 weeks and below are at risk
for development of postnatal growth retardation which
can continue to be present up to 11 years of age affecting
body weight, height and head circumference.15 Almost
20% of 11-year-old children born between 23 and 25
weeks of gestation suffered from head circumference
growth failure compared to only few percent of term
born counterparts.15 This fact is important proving that
preserving normal intrauterine growth velocity after
premature birth between 23 and 25 weeks of gestation
is extremely difficult and can cause many long lasting
health problems like disturbed neurodevelopment.

Prediction of Neurodevelopmental Outcome by
Prenatal Neurologic Assessment
More than 10 years four-dimensional (4D) ultrasound
has been used in the assessment of fetal behavior, with
numerous papers published by different authors and in
many journals.16-64 4D ultrasound for the assessment of
fetal behavior used knowledge and experience which
has been gained during study of fetal behavior by two

dimensional (2D) ultrasound.23 After description of
particular movements at the beginning, assessment of
general movements (GMs) by 4D ultrasound has been
introduced.16,18-22 Standards of the quantity of GMs
throughout gestation has been published. 24,25 From
the prenatal study of GMs by 2D ultrasound and by
postnatal assessment of GMs, it was clear that quality
of GMs is very important to be assessed, and so called
‘gestalt perception’ has been introduced to assessment of
fetal GMs by 4D ultrasound.27-33 Than Kurjak antenatal
neurodevelopmental test (KANET) has been introduced
using ten parameters and after attempt of standardization
only eight parameters remained for neurodevelopmen
tal assessment of low- and high-risk fetuses.34,46 In the
meantime many papers have been published on KANET
test and fetal Doppler, in twin pregnancies, in intraute
rine growth retardation, gestational diabetes, some fetal
malformations like lysencephaly and anencephaly and
many others.20,26,31,37,40,44,47,52,54,57-59,62-64 There have been
many papers from different centers, and among them
some were able to investigate many examinees with
following two examples.
Prospective cohort study of 288 pregnant women
were found eligible to be included in the study of fetal
to neonatal behavior from high-risk pregnancies. 37
Abnormal KANET scores have been found in 7 fetuses,
and 25 fetuses were borderline, which gives all together
32 fetuses at neurological risk. 37 Of 7 fetuses with
abnormal KANET, postnatal neurological assessment by
Amiel Tison’s method (ATNAT)65 revealed 3 newborns
(arthrogryposis, vermis aplasia and neonate of the mother
with the previous child with cerebral palsy—CP) out
of 7 fetuses to be abnormal, while 4 were considered
normal (ventriculomegaly, preeclampsia, thrombophylia,
oligohydramnios).65 Out of 25 borderline KANET fetuses
there were 22 borderline newborns by ATNAT, while
3 were normal (ventriculomegaly, syndrome of intraamniotic infection, mother’s thrombocytopenia).65 Those
who were abnormal prenatally and normal postnatally had
following prenatal risk factors: ventriculomegaly, Dandy
Walker syndrome, skeletal dysplasia, polyhydramnios,
hydrocephaly, diabetes in pregnancy, nonimmune
hydrops, syndrome of intra-amniotic infection, IUGR,
trisomy 21, thrombocytopenia, thrombophylia, pre
eclampsia, achondroplasia, oligohydramnios.65 Out
of 3 abnormal neonates after ATNAT assessment, 2
had definitely abnormal Prechtl’s premature GMs66,67
(arthrogryposis and vermis aplasia), and additional
6 were considered abnormal (neonate of the mother with
the previous child with CP, Dandy Walker syndrome,
hydrocephaly, trisomy 21, ventriculomegaly, nonimmune
hydrops).65 Rest of 24 children had normal optimal or
normal suboptimal GMs.65
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In the study of 620 fetuses from singleton pregnancies
KANET scores were studied between 26th and 38th
week of gestation.40 Comparison of KANET scores in
100 low- and 520 high-risk singleton pregnancies were
expectedly statistically significant.40 The largest incidence
of fetuses with abnormal KANET was in the group of
fetuses who had siblings with cerebral palsy.40 The largest
incidence of the borderline KANET has been found in
the group of fetuses whose mothers had fever during
pregnancy.40 The following parameters of KANET test
significantly differed between the fetuses 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 movement, finger movements,
and general movements.40
Kurjak et al conducted a study by 4D ultrasound and
confirmed earlier findings made by 2D ultrasonography,
that there is behavioral pattern continuity from prenatal
to postnatal life.17,68 It has been speculated that intra
uterine detection of encephalopathy would improve
the outcome. Although, many fetal behavioral studies
have been conducted, it is still questionable whether the
assessment of continuity from fetal to neonatal behavior
could improve ability for early detection of disturbed
neurodevelopment. Early detection could possibly rise an
opportunity to intervene and even prevent the expected
damage.69 Early intervention programs for preterm
infants have a positive influence on cognitive outcomes
in the short to medium term.69,70
It would be wise to consider long run prognosis, for
each specific type of fetal brain damage and make appro
priate decisions for management.69 However, this did not
happen yet. We believe that KANET test on the ground of
published studies could be considered as a good test for the
detection of fetuses with high neurological risk, without
the possibility to define reliable long-term neurodevelop
mental outcome. KANET test applied alone in the low-risk
fetal population either normal or abnormal, can not be
used for the prediction of neurodevelopmental outcome
due to different intrauterine and extrauterine environment
and plasticity of the brain. New well designed long lasting
double blind studies are needed in order to prove clinical
prognostic value of KANET test or any other method of
prenatal neurological assessment. It would be interesting
to see whether postnatal assessment of low- and high-risk
neonates and infants could add some new prognostic pos
sibilities for their long-term neurodevelopmental outcome.

Prediction of Neurodevelopmental Outcome by
Postnatal Neurologic Assessment
Long- and short-term neurodevelopmental outcome
of high- and low-risk infants has been in the focus of

70

interest of investigators and clinicians for many years.
If neurodevelopment was very much disturbed there
was a possibility to predict it in most of the infants,
although in some individuals with severely affected
neurodevelopment in infancy, at the age of small child
or young adolescent, clinicians were surprised with
encouraging outcome due to brain plasticity. This was the
reason why definition cerebral palsy (CP) changed many
times in the last several decades. When trying to predict
the future of high-risk babies in terms of individual
neurodevelopment, than one should always bear in mind
that it is only statistical category without possibility to
predict neurodevelopment on individual basis.

General Movements (GMs)
In one systematic review of the literature, the authors
aimed to systematically assess available data in order to
determine the evidence of general movements in early
infancy to predict the neurodevelopmental outcome in
12- and 24-month-old infants.71 Fifteen of the 17 studies
found a high relationship (sensitivity > or = 92%; speci
ficity > or = 82%; p < 0.01) between the quality of GMs
at 8 to 20 weeks post-term (fidgety movements’ period)
and the infants’ neurodevelopmental outcome.71 They
concluded that obtained results indicate that the quali
tative assessment of GMs, especially during the fidgety
movements’ period, can be used as a prognostic tool to
identify infants with neurodevelopmental disabilities.71
On the other hand a single preterm GM assessment is
only fairly to moderately associated with the 14-month
motor development and could not be used for prediction
of neurodevelopmental outcome.72 Contrary, in the late
preterm infants the significant correlation has been found
between prediction of CP and impaired fidgety GMs.73
Impaired fidgety GMs could be used for detection of highrisk late preterm infants who need early intervention.73
In another systematic review with 39 studies included,
separated according to the age at follow-up: 12 to 23
months, 2 to 3, 4 to 11, and 12 to 18 years, authors found
that outcome measures differed greatly among the stu
dies.74 Values for sensitivity, specificity, positive predic
tive value, and negative predictive value varied among
studies.74 The overall trend indicated that the presence
of abnormalities in the quality of fidgety movements
at 12 weeks adjusted age is more predictive of adverse
outcomes than abnormal writhing movements.74 Authors
concluded that GMs assessment demonstrates potential
as a cost-effective, nonintrusive means of infant assess
ment however current studies include important sources
of bias, which prompted authors to advocate for future
methodologically more rigorous studies with functional
outcomes.74
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It was always interesting how to make prediction
on neurodevelopment in term and preterm infants by
assessment of movements and posture. In the recent
study made by Yang et al aimed to determine whether an
association between the early motor repertoire and the
Gross Motor Function Classification System (GMFCS) also
holds true for children born at term.75 They included 79
infants (60 boys and 19 girls; 47 infants born at term; video
recorded for the assessment of movements and posture
at age 9 to 20 weeks post-term age) who developed CP.75
The GMFCS was applied in examinees at age 2 to 5
years.75 Motor optimality at age 3 to 5 months showed
a significant correlation with functional mobility and
activity limitation as classified on the GMFCS at age 2 to
5 years in both children born at term and born preterm.75
Infants born preterm were more likely to show normal
movement patterns than infants born at term. A normal
posture and abnormal, jerky (yet not monotonous)
movements resulted in better levels of function and
mobility. With the exception of one, none of the infants
showed fidgety movements.75 A cramped-synchronized
movements, repetitive opening and closing of the mouth,
and abnormal finger postures characterized children who
would show a poor self-mobility later.75 At the end the
authors cautiously concluded that assessing the quality
of motor performance at post-term age of 9 to 20 weeks
(irrespective of the gestational age) improves ability to
predict later functional limitations in children with CP.75
In the study of 53 preterm infants born at gestational
age of less than 27 weeks, authors investigated how GMs
assessment and magnetic resonance imaging (MRI)
could predict later CP.76 Authors concluded that the
presence of definitely abnormal GMs was predictive of
CP with significantly enhanced prediction when the
GMs assessment was combined with findings from MRI
obtained at term equivalent age.76
There were studies which were assessing disturbances
of swallowing and uncoordinated sucking in high-risk
preterm infants for the prediction of neurodevelopmental
outcome. In one study and uncoordinated sucking
patterns were associated with abnormal GMs in highrisk preterm infants.77 Uncoordinated sucking patterns
were associated with abnormal fidgety movements,
indicating that uncoordinated sucking, swallowing,
and breathing may represent neurologic dysfunction.77
However in the systematic review of the literature authors
concluded that there is currently insufficient evidence
to clearly determine the relation between early sucking
and swallowing problems and neonatal brain injury.77
Although, early sucking and swallowing problems may
be related to later neurodevelopmental outcomes, further
research is required to delineate their value in predicting

later motor outcomes and to establish reliable measures
of early sucking and swallowing function.78
There are many tests available to assess neuro
development of preterm and high-risk newborns, but still
standardized and generally acceptable tests are missing.
In a systemic review of 27 available tests at the corrected
age of 4 months, authors investigated the clinimetric
properties of longitudinal neonatal neurobehavioral and
neuromotor assessments for preterm infants.5 Out of 27
available tests the following eight tests fulfilled inclusion
criteria: assessment of preterm infants’ behavior (APIB),
neonatal intensive care unit network neurobehavioral
scale (nnns), test of infant motor performance (timp),
Prechtl’s assessment of general movements (gms),
neurobehavioral assessment of the preterm infant
(NAPI), Dubowitz neurological assessment of the
preterm and full-term infant (Dubowitz), Neuromotor
behavioral assessment (NMBA), and the Brazelton
neonatal behavioral assessment scale (NBAS). 5 The
primary purpose included prediction (TIMP, GMs,
Dubowitz), discrimination (all assessments), and eva
luation of change (TIMP, NAPI). Measures of assessment
were included in the study if they were (1) primarily
neurobehavioral or neuromotor assessments that
were suitable for use with preterm infants (<37 weeks
gestation) up to 4 months corrected age and were
discriminative, predictive, or evaluative; (2) standardized
procedures designed for serial/longitudinal use; or
(3) criterion or norm referenced.5 All of the measures
included in the review demonstrated adequate content
and construct validity. Concurrent validity was reported
for APIB, NNNS, Dubowitz and GMs. Predictive validity
was high for GMs with studies reporting up to 100%
sensitivity for predicting cerebral palsy at the age of 12
to 24 months.5 Interrater reliability was strong for the
TIMP, GMs, and moderate for the NAPI.5 Clinical utility
was variable for ease of scoring, interpretability, cost
and access. In the absence of a criterion standard for
neonatal neuromotor assessments, the NNNS and APIB
have strong psychometric qualities with better utility
for research.5 Similarly, the GMs, TIMP and NAPI have
strong psychometric qualities but better utility for clinical
settings.5 The GMs has best prediction of future outcome
and the TIMP has best evaluative validity.5
A systematic review of neurodevelopmental tests
to predict CP in young children has been recently
published.79 Systematic review evaluated the accuracy
of predictive assessments and investigations used to
assist in the diagnosis of CP in children up to 5 years of
age.79 Nineteen out of 351 studies met the full inclusion
criteria, including studies of GMs assessment, cranial
ultrasound, brain MRI and neurological examination.79
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All studies assessed high-risk populations including
preterm (gestational range 23-41 weeks) and low-birth
weight infants (500-4350 gm).79 Summary estimates of
sensitivity and specificity of GMs assessment were 98%
(95% confidence interval [CI] 74-100%) and 91% (95% CI
83-93%) respectively; of cranial ultrasound 74% (95% CI
63-83%) and 92% (95% CI 81-96%) respectively; and of
neurological examination 88% (95% CI 55-97%) and 87%
(95% CI 57-97%) respectively.79 MRI performed at term
corrected age (in preterm infants) appeared to be a strong
predictor of CP, with sensitivity ranging in individual
studies from 86 to 100% and specificity ranging from
89 to 97%.79 This review found that the assessment with
the best evidence and strength for predictive accuracy
is the GMs assessment. MRI has a good predictive
value when performed at term-corrected age.79 Cranial
ultrasound is as specific as MRI and has the advantage
of being readily available at the bedside. Studies to
date have focused on high-risk infants.79 The accuracy
of these tests in low-risk infants remains unclear and
requires further research.79

Conclusion
There was a high willingness of clinician to find postnatal
neurodevelopmental test which could be predictive for
short-term and long-term outcome of low and high-risk
infants. Although, there are many tests available, none of
them is reliable in the prediction of neurodevelopmental
outcome in low-risk population, while many could be
used with fairly acceptable predictivity in high-risk
population. Although, many studies have been conducted
in order to solve this problem, still there is a space for
improvement. In postnatal period we are dealing with
infant in front of the clinician with direct observation,
while prenatally we are dealing with quite different
environment and less mature brain. By observing fetus
during its development lasting 280 days during which on
togenesis is recapitulating phylogenesis there is not much
time to make prediction of postnatal neurodevelopmental
outcome. Although, postnatally we have much more
different methods to make prediction of neurodevelop
mental outcome at the age of 1095 days or later, this is still
not easy task to fulfill especially in low-risk population.
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