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Usefulness of an early neurofunctional assessment in
redicting neurodevelopmental outcome in very low
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Objective: To evaluate whether early neurofunctional assessment may be useful in predicting
neurodevelopmental outcome in children of very low birth weight (VLBW).

Design: Observational longitudinal study.

Settings: Northern ltaly.

Patients: A total of 250 VLBW children (129 boys, 121 girls) born consecutively 1996-1999.

Main outcome measures: Neurodevelopment at 36 months of chronological age, classified in accordance
with the classification of Tardieu and the International classification of functioning.

Results: Of the infants exhibiting normal neurodevelopment (n = 183) or major dysfunction (n = 17) at
3 months of corrected age, 72% and 94% respectively did not change their score during the study. Minor
dysfunctions at 3 months of corrected age were transient in 17 (34%) children. After adjustment for
neonatal variables, neurodevelopment at 3 months of corrected age remained predictive of dysfunction at
36 months (odds ratio = 4.33, 95% confidence interval 2.05 to 9.12). If the results for the normal and
minor dysfunction groups were pooled, the predictive qualities of the 3 month neurofunctional assessment
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outcome in VLBW children.

cally improved the survival rate of very low birthweight
(VLBW; birth weight <1500 g) infants over the last

decade.' As a result, questions arise about their long term
neurodevelopmental outcome. Cerebral palsy occurs in 10—
15% of the VLBW population, with higher rates in infants of
lower birth weight and gestational age.” An increased
incidence of minor neurological dysfunctions, such as
learning disabilities, cognitive defects, attention deficit/
hyperactivity disorders, and behavioural problems, have been
reported, especially in school children of extremely low birth
weight (<1000 g) or gestational age <28 weeks.” Identifica-
tion of infants at higher risk of later negative developmental
outcome remains a challenge for clinicians. This problem has
been investigated mainly by using standard neurological
assessments,” > which evaluate the relation between the
nature and localisation of brain lesions and related dysfunc-
tions.® However, new approaches to disability are desirable
considering the multidimensional nature of the problem.”

The International classification of functioning® describes ““func-
tioning”" as the dynamic interaction among three dimensions:
body function/structure, activity and participation, and
environmental factors. Several authors’'' have proposed
“neuromotor” or ‘“neurobehavioral” assessments that evalu-
ate the dynamic and developing systems in order to identify
the “emerging functions” and the skill of adaptability to
different stimuli. The hypothesis is that this functional
approach to neurodevelopmental evaluation may better relate
to later outcomes and focus on the consequences rather than
on the disease itself. Few data are available on the relation
between neurodevelopmental outcome of VLBW infants and
early neurofunctional assessment."

The aim of this study was to investigate whether
neurofunctional evaluation at 3 months of age is predictive
of neurodevelopmental outcome at 36 months of age.

ﬁ dvances in obstetric and neonatal care have dramati-

were: sensitivity 0.5, specificity 0.99, positive predictive value 0.94, negative predictive value 0.93.
Conclusion: Early neurofunctional evaluation may be useful in predicting later neurodevelopmental

METHODS

Of all the consecutive newborns admitted to the same
institution during 1996-1999, 299 entered the study. The
inclusion criterion was birth weight <1500 g. Exclusion
criteria were presence of congenital diseases or chromosomal
abnormalities and death during postpartum hospital stay.

Infants were scheduled to be prospectively followed up to
36 months of age. Figure 1 shows the CONSORT flow chart of
the study.

Written informed consent was obtained from the parents,
and the departmental ethics committee approved the study
design.

Mother’s level of education and the presence of gestational
hypertension and/or pre-eclampsia were investigated as
maternal variables. Maternal education (years) was cate-
gorised as follows: low (<8), medium (9-13), high (>13).
Gestational hypertension and pre-eclampsia were respec-
tively defined as de novo hypertension (systolic blood
pressure of =140 mm Hg or diastolic blood pressure of
=90 mm Hg) arising after mid-pregnancy and gestational
hypertension accompanied by new onset proteinuria
(=300 mg per 24 hours).

Neonatal characteristics (gestational age, being appropriate
size (AGA) or small for gestational age (SGA), sex, birth
weight, length, head circumference, need of mechanical
ventilation) were recorded. Gestational age was based on the
last date of menstruation and confirmed by ultrasound
examination performed in the 20th week of pregnancy.
Infants with birth weight =10th centile or <10th centile for
gestational age, according to the North Italian growth
charts, were classified respectively as AGA or SGA.”
Corrected age was calculated, up to 24 months of life, from

Abbreviations: AGA, appropriate size for gestational age; SGA, small
for gestational age; VLBW, very low birth weight
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VLBW newborns 1996-1999:
assessed for eligibility (n = 354)

Excluded (n = 55):

* Infant with chromosomal/congenital
abnormalities (n = 5)

¢ Infant died before discharge (n = 48)

® Refusals (n = 2)

Lost to follow up (n = 49):

* Families moved away or returned to
country of origin (n = 20)

* Parents failed to bring their children for
the scheduled evaluations (n = 29)

Analysed (n = 250)

Figure 1 CONSORT flow chart of the study. VLBW, Very low birth

weight.

the chronological age adjusted for gestational age—that is,
for the number of weeks different from the expected
40 weeks.

Cranial ultrasound scans were performed on infants within
the first 14 days of life according to clinical protocol. Brain
magnetic resonance imaging was performed at 40 +2 weeks
corrected age in infants who exhibited hypoxic-ischaemic/
haemorrhagic lesions on the cranial ultrasound examination
and/or had a birth weight <1000 g (n = 125). Weight,
length, and head circumference at birth were measured by
standard procedures."

Infants entered a follow up programme that included
measurement of anthropometric variables (weight, length,
head circumference) and evaluation of the neurodevelop-
mental measures at 3, 6, 12, and 24 months of corrected age
and at 36 months of chronological age. Neurodevelopmental
assessment at 3 months of corrected age and at 36 months of
chronological age was based on evaluation of items proposed
by different authors,*® '* **’and included evoked and spon-
taneous motility, postural adaptability, variability of motor
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patterns, and neuromotor and behavioural skills. The items
were evaluated according to the emerging functions, char-
acteristic of each age considered. Figures 2 and 3 give a
detailed description of the neurofunctional assessment. A
neurofunctional score, according to the classification of
Tardieu” and the International Classification of
Functioning,® was assigned to every item evaluated and
categorised as follows: 0, normal function; 1, mild impair-
ment of function (no limitations); 2, moderate impairment of
function (possible but limited); 3, severe impairment of
function (possible only with the use of facilitators or assisted
devices); 4, function not possible. The maximum score was
defined as the maximum value of the assessed items,
reflecting the most severe functional impairment. The same
trained examiner, blind to the infant’s neuroimaging findings
and unaware of previous scores when performing assess-
ments, performed the neurofunctional evaluations. For the
analysis, infants were further categorised into three groups,
according to neurofunctional status, as: normal (score = 0—
1); exhibiting minor dysfunctions (score = 2); exhibiting
major dysfunctions (score = 3-4).

Statistical analysis
Descriptive data are shown as mean (SD) or number of
observations (percentage). Comparison among groups was
performed by the y? test for discrete variables, and by
analysis of variance and the Kruskal-Wallis test for contin-
uous variables. Significance of multiple comparisons was
adjusted by the Bonferroni correction. Logistic regression
analysis was used to identify determinants of dysfunction at
36 months of age. Neurofunctional status at 3 month of
corrected age, neonatal characteristics, and maternal hyper-
tension during pregnancy entered the logistic model as
confounders. Additional analysis assessed the ability of the
3 month neurofunctional evaluation to predict the 36 month
neurofunctional evaluation. Results are presented as diag-
nostic validity analysis in terms of sensitivity, specificity, and
positive and negative predictive values.

Table 2 shows the longitudinal variation of the neurofunc-
tional status from 3 up to 36 months of age.

RESULTS

Follow up data at 36 months of chronological age were
available for 250 (122 girls; 128 boys) infants. No infants died
during the follow up. Table 1 shows the characteristics of the

Table 1

neurofunctional status at 36 months of age

Characteristics of the whole population at birth and according to

Neurofunctional status at 36 months

Whole Minor Major

population Normal dysfunction dysfunction

(n=250) (n=148) (n=70) (n=32) p Valuet
Birth weight (g) 1125 (250.9) 1184 (235}t 1036 (251.6)5 1047 (247)§  <0.0001*
Birth length (cm) 37.1(3.4) 37.8 (3.1)f 36 (3.7)8 36.3 (3.5) <0.001*
Birth head 26.6 (2.1) 27 (1.8)t 251 (2.2)5 25.4 (2.5)5 <0.0001*
circumference (cm)
Gestational age 30 (2.3) 30.6 (2.2) 29.3(2.1)8 28.7 (2.2)8 <0.0001*
(weeks)
Males 128 (51.2%) 61 (41.2%)t 45 (64%)§ 22 (69%)s <0.001*
AGA 141 (56.4%) 78 (52.7%)t 37 (53%)t 26 (81%)8 <0.001*
Infants ventilated 129 (51.6%) 58 (39.2%)t 42 (60%)8§ 29 (91%)Y <0.0001*
Multiple birth 66 (26.4%) 37 (25%) 18 (26%) 11 (34%) 0.556

Data are expressed as mean (SD) or number (%).

difference between groups (Bonferroni correction).
*Statistically significant.
AGA, Appropriate size for gestational age.

+One way analysis of variance, Kruskal-Wallis test, or % test. Different footnote symbols indicate significant
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Date of examination ..., Date of birth ..o POSTURAL ANOMALIES Slight | Marked | None
Name Surname Skull
Address Neck
Telephone no. Spine
Chronological age ..........cooovoeeeecee... Corrected age Chest
Gestational age ... Birth weight Upper limbs
Head circumference Length Weight Lower limbs
ITEMS DESCRIPTION SCORE

O[1[2 ]3| 4] Classification at 3 months

ADAPTEDNESS > AUTOMONY

State regulation > interaction stability

Sucking > feeding function

Respiratory pattern > respiratory function

Autonomic > autonomy

Typical result: complete patterns

of movement and interaction

NEUROSENSORY FUNCTION

Fix and track > visual function

Response to voice > vocalisation

1

Slight anomalies which normalise

BEHAVIOURAL FUNCTION

with facilitation during the

Smile > social interaction examination
"Action patterns"
Excitability — consolability 2

SPONTANEOUS MOTOR ACTIVITY

Evident abnormal result:

GMs > motor skills

the anomalies remain during

examination: the function

POSTURAL PATTERNS

(motor, postural, adaptive) is

Ventral suspension

moderately troubled, but

Dorsal suspension

possible (not prevented)

Lateral suspension

Axillar suspension

3

TP.\e function is difficult:

TEMPORAL PATTERNS

Balancing

the anomalies significantly
disturb the function

Squatting

Lateral incurvation (acceleration)

Lateral abduction reaction of hip

4

Severe anomalies that upset or

SEQUENCES

prevent the function, until fixed

Axial rotation

Antigravity rotation

pathological patterns of
movement

Rolling

Creeping

Righting

Time: 10 minutes

FACILITATION

Lower limb abduction

Hand opening

ANGULAR MEASURES

Adductors

Ischiotibials

Sural triceps

Upper limb extension

PRIMITIVES > PATHOLOGICAL REFLEXES

Moro reflex > startle reaction

Asymmetrical tonic neck reflex

Plantar grasp

Babinski (evoked or spontaneous)

Figure 2 Neurofunctional assessment of premature baby at 3 months of age.

whole population at birth and according to neurofunctional
status at 36 months of age.

At 3 months of corrected age, the neurofunctional score
was 0 in 51 (20.4%) infants, 1 in 132 (52.8%), 2 in 50 (20%),
3in 12 (4.8%), and 4 in 5 (2%). The corresponding values at

36 months of chronological age were 58 (23.2%), 90 (36%),
70 (28%), 21 (8.4%), and 11 (4.4%) (p<<0.01). At the age of
36 months, the neurofunctional status had improved,
remained unchanged, or deteriorated in 18 (7.2%), 166
(66.4%), and 66 (26.4%) infants respectively; 71.6% and 94%
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Date of examination ............cc.......... Date of birth ... Muscle-joint-skeletal anomalies | Slight | Marked | None
Name Surname .o Skull neck
Address Spine
Telephone no. Chest
Chronological age ................. Corrected age ..., Coxofemural
Gestational age ..o Birth weight ..o U. limbs muscular retraction
Head circumference Length Weight L. limbs muscular retraction
ITEMS DESCRIPTION SCORE
Classification
0(1[2(3]|4
NEUROSENSORY FUNCTION
Visual function NORMAL

Hearing and language

0. Typical function

BEHAVIOURAL FUNCTION

Social interaction

Emotional stability (or hyperactivity)

1. Mild impairment of function,
no limitations

AUTONOMY

Dressing MINOR DYSFUNCTIONS
Feeding

Self care 2. The anomalies remain during

examination: the function (motor,

GROSS MOTOR ACTIVITY

postural, adaptive) is troubled, but

Walking

ossible, moderate impairment of

Jumping

unction

Running

Coordinating motor skills

MAJOR DYSFUNCTIONS

POSTURAL PATTERNS

Supine

3. Moderate features

Prone

the function is difficult: the

Sitting

Standing

abnormalities significantly disturb
the function (inc?uding mild and
moderate cerebral palsy)

TEMPORAL PATTERNS

4. Severe features

Balancing (sitting)

indicates severe anomalies that

Equilibration (kneeling, standing)

Lateral abduction reaction of hip

upset or ﬁrevent the function, until
fixed pathological patterns of

movement (including severe

SEQUENCES

cerebral palsy)

Postural changing (coordination)

ANGULAR MEASURES

Adductors

Time: 20 minutes

Ischiotibials

Sural triceps

Upper limb extension

PRAXIES (FINE- GRAPHO- MOTOR)

Tower building

Shapes matching

Drawing

COGNITIVE FUNCTIONS

Spatial organisation (fopologies)

Temporal organisation

Memory

Problem solving

PRIMITIVES > PATHOLOGICAL REFLEXES

Startle reaction

Asymmetrical tonic neck reflex

Babinski (evoked or spontaneous)

Figure 3 Neurofunctional assessment of premature baby at 3 years of age.

of infants with a score of <1 or =3 respectively at 3 months
of corrected age had not changed their functional status
at 36 months of age. Of the infants exhibiting minor

www.archdischild.com
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and 28% showed normal neurodevelopment, minor, or major
dysfunction respectively at 36 months.
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Table 2 Variation in neurofunctional status from 3 to 36 months of age (number of
infants)
36 months
Major Minor
3 months dysfunction dysfunction Normal
Maijor dysfunction 17 16 1 0
Minor dysfunction 50 14 19 17
Normal 183 2 50 131
Total 250 32 70 148
Major dysfunction, maximum score 3-4; minor dysfunction, maximum score 2; normal, score 0-1.

Table 3 Clinical features of cerebral palsy, according to
the neurofunctional maximum score at 36 months of age
(number of infants)

Cerebral Total
palsy no  Clinical features Score 3 Score 4
Diplegia 12 Diplegia

Diplegia with hearing loss
Ataxic diplegia
Quadriplegia

Quadriplegia with blindness
Dystonic quadriplegia
Hemiplegia

Hemiplegia with epilepsy

Quadriplegia 8

Hemiplegia 3

— O —=—=0 00N

ONOOO ——

Total 28

The resulting sensitivity of the 3 month neurofunctional
assessment for predicting the 36 month evaluation was 0.49,
specificity was 0.88, positive predictive value 0.75, and
negative predictive value 0.72. When the results for minor
dysfunction and normal groups were pooled, sensitivity was
0.5, specificity 0.99, positive predictive value 0.94, and
negative predictive value 0.93.

Cerebral palsy was found in 23 (9%) infants: diplegia
occurred in 12, quadriplegia in eight, and hemiplegia in three.
Table 3 presents the clinical features of cerebral palsy,
according to the neurofunctional score at the 36 months
evaluation of children with cerebral palsy.

Hypertension during pregnancy and/or pre-eclampsia
characterised 42.8% (n = 107) of mothers. Maternal
hypertension occurred in 47.9%, 44.3%, and 18.8% of infants
with normal neurofunction or minor or major dysfunction
respectively at 36 months of chronological age (p = 0.011).

Educational level of mothers was: low, 30%; medium, 52%;
high, 18%. Antenatal steroids were administered to 64% (n
= 160) of infants; 90% (n = 224) were born by caesarean
section. None of these variables was associated with

neurodevelopment outcome at 36 months of chronological
age (p>0.415).

Hypoxic-ischaemic/haemorrhagic lesions were found in 41
(16.4%) cases. Of the infants who had brain magnetic
resonance imaging, 27 (22%) showed clinically relevant
central nervous system injury.

Lower weight, length, and head circumference at birth,
shorter gestational age, being male, AGA, or ventilated were
associated with the presence of dysfunction at 36 months of
age. No significant difference was found between infants
with major or minor dysfunction, except for AGA and being
ventilated (table 1).

A logistic regression analysis was performed to identify
determinants of dysfunction at 36 months of age (table 4).

Neurofunctional status at 3 months (p<<0.0001) and being
male (p<0.05) were found to be independently associated
with dysfunction at 36 months.

DISCUSSION

The results of our study show that the 3 month neurofunc-
tional evaluation is predictive of major dysfunction at
36 months of age, with a sensitivity and specificity of 0.5
and 0.99 respectively; in addition a sex effect (being male)
was found to be associated with later dysfunction after
adjustment for confounders.

Although the sensitivity of the 3 month evaluation was
relatively low, the positive predictive value was as high as
0.94. When the results for normal babies and infants with
minor dysfunction were pooled, the specificity and negative
predictive value of the method increased to 0.99 and 0.93
respectively, suggesting that early neurofunctional assess-
ment may be extremely useful in reassuring parents on the
integrity of central nervous system function. According to
this neurofunctional approach, an infant who scores <2 at
the 3 month assessment has a 93% chance of being free from
major dysfunction at 36 months. In the population studied,
only two babies out of 183 who scored 0-1 at the 3 month
evaluation developed major dysfunction at 36 months of age,
with a score of 3—that is, partial function was maintained.

Table 4 Odds ratio (95% confidence interval) of variables associated with dysfunction at 36 months of age

Crude odds ratio Adjusted odds ratio

Variable

Comparison

(95% CI)

(95% Cl)

Maternal hypertension during pregnancy

Birth weight

Birth length

Birth head circumference
Gestational age

Sex

AGA

Ventilation

Neurofunctional status at 3 months chronological age

Yes v no

<1000 v =1000 g
<10th v =10th centile
<10th v =10th centile
<30 v >30 weeks
Male v female

Yes v no

Yes v no

Impaired v normal

0.59 (0.34 to 1.02)
2.99 (1.76 to 5.11)**
2.97 (1.68 to 5.26)
1.27 (0.72 to 2.28)
3.01 (1.75 to 5.15)**
2.70 (1.60 to 4.50)*
1.44 (0.87 to 2.41)
3.51 (2.06 to 6.01)**
7.35 (3.88 to 13.91)*

0.61 (0.32 0 1.18)
1.23 (0.50 to 2.99)
1.54 (0.75 to 4.4)
1.25 (0.68 to 2.30)
1.04 (0.435 to 2.47)
2.30 (1.21 to 4.37)*
1.25 (0.586 to 2.71)
1.77 (0.78 to 4.01)
4.33 (2.05 fo 9.12)***

*p<0.05; *p<0.001; **p<0.0001 (logistic regression andalysis).
AGA, Appropriate size for gestational age.
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What is already known on this topic

® Neurofunctional assessment and study of emerging
functions in premature infants relates to prognosis
better than standard neurological examination

® The role of neurofunctional assessment has been
emphasised by authors involved in rehabilitative fields:
neurodevelopmental treatment and bobathian practice
in the United Kingdom, éducation thérapeutique and
évaluation factorielle by Tardieu in France, and pattern
analysis and neurorehabilitative semeiotics by Milani
in ltaly

Identification of long term neurodevelopmental adverse
outcomes in VLBW infants is important for understanding
the full extent of morbidity and making referrals for early
intervention.” > However, early diagnosis of major dysfunc-
tion remains difficult, as the central nervous system is still
too immature to exhibit pathological signs associated with
corticospinal lesions.'® Moreover early neuromotor abnorm-
alities may be transient,* because of the immaturity of the
motor paths and the intrinsic strength deficit of the
premature infant, which do not allow exhibition of acquired
skills.” It is also tricky to separate transient effects of
cardiorespiratory and metabolic problems from specific
expression of brain damage, in the early stages of extra-
uterine adaptation.” Therefore early identification of “‘nor-
mal” infants and infants at risk of poor later
neurodevelopmental outcome continues to be a challenge.
Which clinical assessment is the most useful for predicting
risk in monitoring neurodevelopment in preterm infants is
still under investigation.” * Indeed, only relatively recently
have guidelines of neurological findings in preterm infants,
examined at term, been proposed.*

The predictive qualities, estimated in this study in terms of
specificity, positive and negative predictive values, of the
3 month neurofunctional evaluation are in agreement with
those of previously reported methods. Specificity and
negative predictive values compare favourably with the
3 month test of infant motor performance (TIMP; 0.76 and
0.98 respectively at 12 months),"” the 4 month Alberta infant
motor scale (AIMS; 0.81 and 0.96 at 18 months),”” movement
assessment of infants (MAL 0.93 and 0.96 at 18 months),*
the Peabody developmental gross motor scale (PDGMS; 0.71
and 0.96),”” and the 18 week infant neuromotor assessment
(INA; 0.98 and 0.99 at 12 months).*” Although the sensitivity
(0.50) of the 3 month neurofunctional assessment is lower
than that of TIMP (0.92), AIMS (0.77), MAI (0.72), PDGMS
(0.81), and INA (0.90), the positive predictive value (0.94) is
higher than that of these infant motor tests (TIMP, 0.39;
AIMS, 0.39; MAI, 0.58; PDGMS, 0.31; INA, 0.56).

In addition, the scoring system used in this study provides
a qualifier of the neurofunctional status that better describes
both the severity of the impairment and the potential
outcome of the infant; it could also be used to compare
repeated assessments over time as well as neurofunctional
evaluations performed in different centres.

Our findings indicate that being male and having a poor
neurofunctional assessment at 3 months of corrected age
were independently associated with later dysfunction. Other
authors have reported that being male is a risk factor for
disability.”

Maternal hypertension, ventilation, AGA, and lower birth
weight, length, head circumference, and gestational age were
associated with dysfunction at 36 months on the univariate
analysis only.

www.archdischild.com
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What this study adds

® Neurofunctional assessment is an additional method
for evaluating neurodevelopmental disability in infants
at high risk; this approacﬁ allows early intervention
and fargeted follow up, besides reassuring parents on
integrity of function

o The study applies the functional approach to paediatric
and neonatological fields according to WHO recom-
mendations

Studies in the literature are inconclusive about the role of
maternal hypertension,**" ventilation,”” *> and AGA.*?*
There is agreement that lower birth weight is associated
with increased morbidity and abnormal neurological find-
ings.” Bhutta ef al’ report that mean cognitive scores are
directly proportional to birth weight and gestational age.
Anderson ef al’* showed that children of birth weight <750 g
or gestational age <26 weeks have lower cognitive scores.
However, results on the effect of gestational age on
neurodevelopment in VLBW infants are contradictory.”” *®
Hagberg et al* report that the risk of cerebral palsy is
inversely proportional to gestational age, and the relative risk
is 60 times higher at <28 weeks of gestation than at term.
Latal-Hajnal ef a/* and Cooke and Foulder-Hughes* found
that poor postnatal growth in preterm infants, in particular of
the head, rather than SGA (symmetrical and otherwise)
status seems to be associated with increased levels of later
motor and cognitive impairment. Amin et al** report
persistence of microcephaly in intrauterine growth retarda-
tion as a risk factor for adverse neurodevelopmental outcome.

As the survival rate of VLBW infants has dramatically
improved, especially that of extremely low birthweight
infants (<1000 g)," monitoring neurodevelopmental out-
come of these children and early detection of ‘“normality”
and dysfunction is important for initiating early intervention
programmes and optimising potential outcome. Follow up
should be continued at least to school age’ in order to identity
children in need of special support, to define more precisely
minor dysfunctions, and to evaluate the interaction of
biological and environmental factors in outcome. These
results indicate that early neurofunctional assessment is a
useful method for obtaining a better understanding of the
full extent of morbidity of VLBW infants. Larger studies are
required to clarify the role of the neurofunctional assessment
in early diagnosis of later dysfunction in VLBW children.
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