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ABSTRACT
Objective: measure the effects of Early Intervention ad modum Katona (EI-K) in high-risk premature infants by means
of clinical, neurobehavioral, and neurophysiologic tests. Method: we used the Amiel-Tison neurologic examination, the
Bayley Scale of Infant Behavior, and electroencephalography (EEG) recordings at 42 weeks of conceptional age, and
after 6 months of treatment EI-K (n = 14) and compared these results with those of a group of infants without early
intervention (nEI) (n = 11). Results: we found better performance of infants in EI-K than nEI group after 6 months of
treatment in neurologic and behavioral examination measurements, but found no differences in EEG comparisons.
Conclusion: our data suggest significant benefit of the use of EI-K program over n-EI in the neurologic and neurobehavior examinations of premature infants after 6 months of age.
Keywords: Premature, High-risk Infants, Early Intervention, Brain Plasticity

1. Introduction
Survival of premature infants, especially low-birth-weight
infants has resulted in an increased incidence of neurologic sequelae including cerebral palsy, epilepsy, deafness, blindness, mental retardation, language, and behavioral, and learning disorder [1]. Thus, early detection of
children at high-risk is of paramount importance for
planning intervention and habilitation studies in an attempt to avoid secondary problems for these individual
[2,3].
Early intervention (EI) consists of multidisciplinary
services provided to infants from birth through the first
years of life to promote child health, enhance emerging
competencies, minimize developmental delays, cure existing disabilities, prevent functional deterioration, and
promote adaptive parenting functioning. These goals are
accomplished by individualized developmental, educational, and therapeutic services. An increased number of
investigations have studied the effects of EI on the beCopyright © 2011 SciRes.

havior and development of high-risk infants (mainly
premature infants with low-birth-weight) based on the
rationale that premature infants are at risk for neurologic
and psychologic disabilities and that customary care may
not include adequate environmental stimulation [4]. However, results from several investigations are not conclusive, and many investigators recommend the study of
specific developmental training techniques to find evidence of positive effects of EI on neurodevelopment.
Neuromotor-status assessment of high-risk infants during the neonatal period has been found to correlate well
with clinical outcome during developmental follow-up
[5-7]. Moreover, neurophysiologic tests, such as the electroencephalogram (EEG), provide a quantitative and extremely useful non-invasive prove for brain function.
Degree of background- activity abnormality has proved
to be a predictor of long-term neurologic outcome [8,9].
Thus, we decided to employ these techniques to study the
effects of EI in neurodevelopment of a group of premature infants followed during their first year of life.
NM
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The goals of this paper comprise measuring the effects
of the EI ad modum Katona (EI-K) program in a group of
high-risk premature infants [10,11] by means of clinic
and neurophysiologic tests. Our working hypothesis was
that high-risk infants under EI-K perform better than a
group of high-risk infants without EI treatment (nEI).
Clinical, behavioral and EEG tests were used prospectively to evaluate the effects of EI on their neurodevelopment during follow-up in the first year of life.

Table 1. Clinical features of infants participating in the
early intervention ad modum Katona (EI-K) program and
of infants without early intervention (nEI) program during
the first 6 months of life.
Variable

EI-K group

nEI group

x ± (SD)

x ± (SD)

Age at birth (weeks)

34.9 (3.97)

34.6 (3.82)

Weight (g)

2,227 (723)

2,222 (813)

Cephalic perimeter (cm)

32.3

32.1 (3.76)

2. Method

1 - min Apgar score

7.3 (2.29)

7.5 (2.52)

2.1. Subjects

5 - min Apgar score

8.5 (1.41)

8.6 (1.64)

Newborns from the Hospital of Gynecology and Obstetrics No. 3, at the Institute of the Mexican Social Security
(IMSS) in Mexico City were recruited to study the effects of EI-K program. The sample was obtained by
convenience. Inclusion criteria were the following: 1)
age at birth between 34 and –36 gestational weeks [12]; 2)
adequate weight for gestational age at birth [13]; 3) single delivery; and 4) normal result in cranial ultrasonographic (US) scan [14]. Infants were rejected from study
if they had the following antecedents: 1) maternal history
of high blood pressure, diabetes or another chronic maternal disease during pregnancy; 2) genetic alterations; or
3) intrauterine or neonatal infections; 4) evident external
malformations. Clinical characteristics of infants are
shown in Table 1. Infants in this report included babies
born consecutively over 1 year of work. Other clinical
data were obtained from hospital records; all evaluations
of these infants were performed correcting age to conceptional age (age at birth + age of life in weeks). Because is not ethical leave an infant without treatment, the
comparison group was composed of premature infants
with identical inclusion and exclusion criteria whose
parents rejected the infant’s participation during the first
months of life but who accepted EI participation of their
child later and examinations at 6 months of age. The
group that does not received EI after evaluation at birth,
parents were given with recommendations on EI to promote development in: emotional, gross and fine motor
behavior, and language areas. Moreover, they received
free of charge, a book of EI, and assisted to conferences
of infant normal development in University campus. Inclusion of the infant in each group was determined by the
parental choice. Eleven infants constituted the n-EI group
(six male and five female), while 14 infants (eight males
and six females) comprised the EI-K group, differences
in the size of the groups are attributable to the parent
election to receive EI in the first 6 months of life. The
Institutional Review Board approved the study protocol,
and parents of infants signed informed consent.
Copyright © 2011 SciRes.

x = mean; SD = Standard deviation.

2.2. Early Intervention
Patients received K-EI neurohabililtation according to
their symptoms early after hospital discharge ad modum
Katona. The individually adjusted program was described
to the parents (especially to the mother), who were trained
and received written programs elaborated for their infants.
These programs contain intensive schedules to develop
elementary sensori-motor patterns [15,16] and exercises in
two main areas: verticalization, and locomotion, and extending to vision, hearing, feeding, and vocalization according to patient needs, at least 6 hours throughout the
day, according to the infant’s feeding and sleep- time
schedules. It was emphasized that, aside from the training
programs, the infant requires the affection and care of the
family members. Moreover, the training facilitated the
mother-infant relationship [10,11].

2.3. Neurologic Examination
The Amiel-Tison test was carried out with the examiner
blinded to the infant’s clinical history. All examinations
were performed by a neuropediatrician, with the infant
undressed in a warm room when he/she was awake but
quiet. The test included several categories, such as cranial assessment, mother’s questions, abnormal eye signs,
sensory function, posture and spontaneous motor activity,
passive and active tone, primitive and tendon reflexes,
and postural reactions. Although Amiel-Tison warns that
neurologic examination cannot be measured quantitatively, responses were scored on a graded scale (0, 1, 2)
for comparison with other variables. Mild abnormalities
included abnormalities in tone and excitability but no
central nervous system (CNS) depression and no seizures;
moderate abnormalities include abnormal tone with signs
of central nervous system depression (poor interaction,
hypoactivity, hyporeflexia) and one or two isolated seizures; while severe abnormalities included repeated seizures associated with overt CNS depression ranging from
lethargy to coma [6].
NM
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2.4. Bayley Scales of Infant Behavior
The Bayley scales of infant behavior (BSIB) have been
widely used to assess mental and motor development in
infants [17]. Infants were tested by the different sub-scales
such as: cognitive, language, motor, social-emotional,
and general-adaptative. The BSIB score was obtained by
adding together the number of tests equivalent to the infant’s ages; the raw score (RS) was obtained. RS was
converted in standardized points, obtaining the index
score (IS) with a mean of 100 and standard deviation (SD)
of 15. Based in IS, infants were classified within normal
(≥85), mildly delayed (between 70 and 84), and markedly delayed performance (≤69). We also carried out a
categorical classification for BSIB development as follows: adequate performance is considered when IS ≥ 85,
and inadequate is when IS < 85. The BSIB was conducted once at 6 months of age in both groups, and the
results were statistically compared.

2.5. Electroencephalography
Studies were performed in 45 min sessions after-feeding
sleep. Infants were studied in supine position. The scalp
was prepared with an acetone and alcohol mixture. Electrodes impedances was always < 5 kilo-ohms. Recordings
were obtained on an 8 channel electroencephalographer
(Grass, model 78 D, Quincy, MA, USA) and consisted of
eight EEG channels. Gold cup electrodes were set in place
with electrolytic cream and the infant’s head was wrapped
with tape strips based on the 10 - 20 system modified for
newborns. Two bi-polar montages were uti- lized, each
montage, one half of the record time. The first was:
Fp1-F3, F3-C3, C3-P3, P3-O1, Fp2-F4, F4-C4, C4- P4,
P4-O2 and the second was: Fp1-F3, F3-C3, C3-P3, P3-O1,
Fp2-F8, F8-T4, T4-T6, T6-O2. Paper- speed recording
was 15 mm/sec, time constant was 0.3 sec, sensitivity was
7.5 µV/mm, and band pass filters were set between 0.1 and
70 Hertz (Hz). Observations included eyes open, eyes
closed, eye movements, body movements, jerks and
twitches, startle, sucking movements, vocalizations, and
respiratory irregularities such as sighs and pauses. Careful
interpretation was performed off-line. Brain waves present
in the recording were classified as delta (0.1 - 3.75 Hz),
theta (4 - 7.75 Hz), alpha (8 - 12.75 Hz) and beta (13 - 35
Hz) rhythms. Brain activity was visually and topographically mapped on frontal, central, parietal, occipital and
temporal areas. Scoring was based on operational definitions using representative neonatal EEG samples of each
of the previously mentioned areas [18].

2.6. Data Analyses
We performed descriptive analyses to determine arithmetic mean ± SD for continuous variables and percentages
Copyright © 2011 SciRes.

for qualitative variables. Student t tests were conducted
to ascertain differences among numerical variables. Categorical results among neonatal EEG, early intervention,
and neurologic examination were compared by X2 test.
The alpha value determined for accepted significance a
priori was ≤ 0.05 [19].

3. Results
The age of each infant in both groups were corrected to
42 weeks of conceptional age for any comparison, and
the last examination for the objectives of this study was
performed at 6 months of corrected age. No differences
in age, socioeconomic features, and examination results
were observed at the first examination between groups.

3.1. Neurologic Examination
All subjects in nEI group had a normal result in the first
examination. Five infants in EI-K group (36%) were
suspected of neurologic abnormalities, and nine (64%)
exhibited a normal result at their first appointment prior
to EI-K program I initiation. Significantly, major abnormality frequencies were observed in the EI-K group (p <
0.05), in which hypotonus and low response to external
stimuli were the most frequently observed abnormalities.
Six months later at the second examination, nine nEI
subjects present a normal result, while two had suspicion
of neurologic abnormalities; most frequent alteration was
delay in neck control. In EI-K group, all infants had a
normal result at the second appointment. Significant differences between groups were observed (p = 0.05) with
better performance in EI-K than nEI group.

3.2. EEG Recordings
At the first evaluation, five subjects in nEI group had a
normal EEG recording, while six infants had a mildly abnormal EEG consisting of maturation delay. Seven infants
in EI-K group showed normal EEG result, six had a mildly
abnormal result consisting of maturation delay and one
infant had a moderately EEG abnormal result consisting of
maturation delay and asymmetry. No statistical differences
were observed between groups (p > 0.05).
Six months later in nEI group eight infants showed
normal EEG result, while one was mildly abnormal exhibiting slow background activity. Two parents failed to
fulfill the appointment for the second EEG recording. In
EI-K group; 12 infants had normal EEG recording, and
only two infants had abnormal EEG result showing isolated spikes and slow waves (moderately abnormal result). No statistical difference between groups was observed (p > 0.05).

3.3. Bayley SIB
Comparison of mental and motor developmental coeffiNM
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cients at 6 months of corrected age is shown in Table 2.
Data demonstrated significant differences between groups
(p < 0.05).

3.4. Qualitative Analysis
We could not find a correlation between the abnormalities in the neurological examination and in Bayley SIB,
due to differences in the types of qualification: amielTison neurological examination is binomial while Bayley
SIB provides a quantitative score. On the other hand
children with abnormal result in the first assessment improved in the second, while some normal children had
abnormal results in the second assessment.

4. Discussion
We studied the effects of intensive EI in a short but
highly selected sample of premature infants treated early
from hospital discharge to 6 months of age. We found
differences in neurologic and behavioral examination
measurements between nEI and EI-K infants, with a better performance in the EI-K infant group, suggesting a
positive effect of EI-K on neurodevelopment when compared with results from the nEI group. However we were
unable to observe differences in neurophysiologic and
measurements.
One problem associated with the use of the term
“early” lies in the interpretation of the term. “Early” can
be understood in several ways, for example: 1) early after birth; 2) early in the first year of life; and 3) early
after onset of the condition. Each intervention type is
associated with advantages and disadvantages. Some
studies of EI have been carried out in the neonatal intensive care unit, others begin after hospital discharge, and
still others initiate during the second semester of life. In
our case, we began EI after hospital discharge when the
brain is considered very plastic. The majority of studies
on the effects of EI on neurodevelopment are heterogeneous, with large variations in number of participants,
intervention methods, age at study initiation, and measurements for evaluating intervention. These methodologic points render comparisons difficult among differTable 2. Bayley’s developmental coefficients in the group of
infants in the early intervention ad modum Katona (EI-K)
program and in infants without the early intervention (n-EI)
program in the first 6 months of life.
Group

Mental coefficient
x ± (SD)

x ± (SD)

EI-K group

112.8 (9.1)

124 (7.7)

nEI group

101.8 (7.2)

110 (8.9)

p

<0.05

<0.05

x = mean; SD = Standard deviation.

Copyright © 2011 SciRes.
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ent studies. Thus, we limited our discussion in studies
than began EI after hospital discharge and continued
during the first year of life.
Several studies on EI have been carried out in high-risk
infant populations after hospital discharge [20-28]. When
the effects of EI programs on neurodevelopmental treatment were evaluated, the majority of studies did not
showed exhibits significant effects of the intervention on
motor development [20-24], however, the majority of
effects evaluated in the previously mentioned studies
were based solely on global developmental tests. Another
two studied applied programs to stimulate infant motor
development and, consisted of general sensory and motor
stimulation. In another study, the authors included enhancement of parent-infant interaction, while yet another
was concerned with other passive handling techniques;
both of these studies reported significant positive effects
of intervention on motor development [25,26] which is in
agreement with our results. Other studies evaluated neurodevelopment in small groups of infants treated ad
modum Vojta, reporting a dose-response effect of treatment [27,28].
Differences between these studies not finding clear
evidence of the positive effects of EI and our data can be
attributed to that the Katona method is the most intensive
EI program (at least 6 h a day of work), with special
relevance concerning the mother-infant relationship. Although our follow-up time was short, our results hold the
promise of good outcome in the clinical neurodevelopment and brain plasticity of premature infants and deserve additional attention in future works. However, the
effects of EI-K on the neurophysiologic area are deserving of even more investigation.
Few studies have measured neurobehavioral and EEG
parameters in parallel in infants under EI treatment. Two
studies in the medical literature report increased coherence in fast-alpha and -beta frequencies between frontal
and occipital-parietal areas [29,30] based on brain plasticity. Nonetheless, these investigators used quantitative
EEG to measure EI effects on brain electrical activity,
while we only utilized the qualitative visually-qualified
EEG. This fact may be the explanation of why we were
unable to observe subtle EEG differences when comparing both groups in visual analyses. In future papers, we
will use quantitative EEG to perform these comparisons.
BSIB was performed in infants of both groups to determine whether there are motor and performance developmental differences between nEI and EI-K groups.
BSIB is a well-standardized test and has been employed
as a gold-standard to test the sensitivity and specificity of
other behavioral tests in premature infants [31]. We observed differences in developmental items between
groups, suggesting a great sensitive of this test to observe
NM
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cognitive developmental differences when comparing
infants under K-EI treatment with those employing other
EI techniques.
In summary, comparison between the nEI and EI-K
techniques for treatment in premature infants results in
certain advantages of EI-K use at 6 months of corrected
age, mainly in neurologic- and behavioral-development
items. The main limitations of our study include the
small number of patients studied and the short duration
of follow-up; thus, our results must be considered as
tendencies, and not strong conclusions. Future studies
regarding effects of EI ad modum Katona must include a
greater number of patients with a longer follow-up period,
in addition to other computer- assisted neurophysiologic
and biochemical measurements in order to respond questions left open by this study.
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