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I Abstract

Introduction and objective. The aim of the study was to evaluate the neurodevelopmental outcomes of extremely
premature babies at the age of 2 years, and to determine whether rehabilitation was carried out during this period. An
additional aim was to determine the relationship between the use of rehabilitation and the degree of prematurity, asphyxia,
birth weight, and the result of brain ultrasound.

Materials and method. The study included 87 premature babies born between 24-31 weeks of pregnancy. A rehabilitation
specialist assessed the neurodevelopmental outcomes of the children aged 2 years. Based on the documentation, the
frequency of rehabilitation and its dependence on prematurity, asphyxia, birth weight and ultrasound results were analyzed.
Results. Correct neurodevelopmental outcome in children aged 2 years was found in 57 (65%) children, of whom 40 (46%)
did not undergo rehabilitation. Incorrect development was observed in a group of 30 children — 12 patients were diagnosed
with CP (14%), and 18 (21%) had ‘red flags’ of development milestones, they underwent rehabilitation. There was no
statistically significant relationship between the degree of prematurity, perinatal asphyxia, birth weight and rehabilitation
in the first 2 years of life. Abnormal ultrasound results were more common in rehabilitated children (n=25; 53%) than in
children without rehabilitation (n=10; 25%), p=0.008.

Conclusions. Correct neurodevelopmental outcome at the age of 2 reached two-thirds of extreme prematurities, most of
which did not need rehabilitation during this period. According to the authors’ knowledge, this is the first study to show the
percentage of premature babies who in the first 2 years of life did not require rehabilitation and achieved normal development.
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INTRODUCTION

Extreme prematurity, low birth weight and asphyxia are
major risk factors that can cause early brain damage in
children [1, 2, 3, 4]. The shorter the duration of pregnancy,
the lower the birth weight, the smaller the number of points
on the Apgar scale, the higher the risk of developmental
disorders [5, 6, 7]. This group of ‘risk children’ requires the
monitoring of psychomotor development. If there is a delay
or abnormal development, it is advisable to conduct early
rehabilitation. Diagnosis of disorders is difficult because
preterm delivery changes developmental trajectories, which
is why premature babies may reach developmental stages at
a different time and order [8, 9]. In premature babies, the
corrected age should be taken into account [10].

Early rehabilitation in premature babies is important due to
greater brain plasticity in the first months of life and the lack
of fixed pathological movement patterns [11, 12, 13]. On the
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other hand, it should be remembered that any intervention
should be justified, as it is not a matter of indifference to the
child and the family [14, 15, 16]. Not all premature babies or
a child born in severe asphyxia require early rehabilitation.
There is a group of children who, despite significant loads
during the pregnancy and perinatal period, do not have
clinical signs of abnormal development [17, 18]. All infants at
risk should be monitored for development, but rehabilitation
should only be used when there are obvious indications [12].
There are papers in the literature describing the negative
effects of unnecessary rehabilitation [19, 20]. The above
knowledge obliges us to apply strictly defined qualification
criteria for early rehabilitation in children at risk, including
premature babies. Hence the need for a study like this one,
the objectives of which are described below.

OBJECTIVE

Theaim of the study was to determine the neurodevelopmental
outcome of extreme premature babies aged 2 years in the
context of conducted or not conducted rehabilitation. An
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additional aim was to determine whether rehabilitation
depended on the degree of prematurity, birth weight, the
Apgar score at the first minute after birth, and the result of
brain ultrasound (cranial ultrasonography - cUS).

MATERIALS AN METHOD

Out of 465 children referred to the day-care unit, 125
premature babies (born before 32 weeks of gestation) were
selected for the study. They were born between September
2015 - August 2017. The study excluded 38 children with
incomplete medical records. They were children who were
did not have follow-up visits or remained under observation
for less than 2 years. In the final study group, 87 children (40
boys and 47 girls) were selected who had parental consent
and full medical records of their psychomotor development
from 2-24 months of age. Information cards from the
newborn period were used to assess risk factors from the
gestational and perinatal period, while documentation for
the rehabilitation centre was used to analyze the frequency
of applied rehabilitation. For the purposes of this study,
the following data was obtained from information cards:
gestational age, the Apgar score at 1 minute after birth, birth
weight, and the result of brain ultrasound performed at a
time close to delivery.

Due to the degree of prematurity, group A - for children
born before the 28th week of pregnancy, and group B - for
children born between 28 - 31 weeks were separated. Based
on the Apgar score at 1 minute, researchers distinguished
children born: in severe asphyxia when the score ranged from
0 - 3; in moderate asphyxia when the score ranged from 4 -
7; without asphyxia when the score ranged from 8 - 10. The
criterion of birth weight (BW) allowed researchers to divide
the children into groups: BW under 1,000g; BW between
1,001 - 1,500g; BW between 1,501 - 2,500g. Description
of the cUS at the time close to delivery was interpreted as
normal or abnormal; the degree of pathology described was
not differentiated.

Development assessment was carried out by a physician - a
specialist in medical rehabilitation at 1, 2, 4, 6, 9, 12, 18 and
24 months of age. For premature babies in the first year of
life, the corrected age was taken into account. Study cards
for the above age groups were organized. They contained an
assessment of the position/posture and movement pattern,
symmetry, and muscle tone. For children aged 2 and 4
months, General Movement Assessment (GMA) according to
Prechtl was used. From 6 months, spasticity assessment was
also evaluated according to the Tardieu scale, as well as the
presence of selective movements of upper and lower limbs in
spontaneous movements. The physician assessed milestones
of psychomotor development in the areas of: gross and fine
motor skills, communication, cognitive and socio-emotional
development, paying special attention to alarm symptoms,
the so-called ‘red flags’ (RFs) of development milestones at
months, listed above. They were developed by CF Dosman
based on scientific research [21]. The eligibility criteria for
rehabilitation are described below. Infants who were found to
have abnormal posture/movement and movement patterns,
abnormal Prechtl GMA, postural asymmetry, muscle
tone disorders, including spasticity, and lack of movement
selectivity, were referred to a physiotherapist. Feeding or
communication disorders were the reason for referral to a

speech therapist, and irregularities in the development of
cognitive and socio-emotional functions - to a psychologist.
Monitoring the development of children from the very
beginning was based on close cooperation with parents
- the physician discussed with parents the next stages of
development with the use of alarm symptoms.

The main studies were conducted from September 2017 -
September 2019. Children aged 2 years were examined by a
physician, and then classified into 3 groups: I - healthy, II -
with cerebral palsy (CP), and III - with doubtful development,
requiring further observation. For abetter understanding of the
final examination methodology and qualification of children
to a group requiring observation, a study card used for 2-year-
old children is presented (Fig. 1). The correct posture and
movement pattern, neurological status and lack of RFs in the
milestones of psychomotor development were found in group
I children. Group II children had clinical symptoms of CP
confirmed by neurological examination. Small developmental
deficits and RFs of development milestones were present in
group III children. Based on the medical documentation
collected in the 2-year period, a retrospective analysis of the
conducted rehabilitation was carried out.

Analysis was conducted in statistical package R (version
3.6.1). Data was presented as n (% of group). Variables were
analyzed among the groups with chi-square test or Fisher
exact test, as appropriate. All tests were 2-tailed and results
were regarded as statistically significant at p < 0.05.

RESULTS

Group characteristics: Out of a total of 87 premature
babies examined, 29% (n = 25) were born between 22 - 27
weeks (group A), and the remainder 71% (n = 62) were born
between 28 — 31 weeks (group B). Asphyxia occurred in 80
infants (92%): moderate asphyxia in 67 children and severe
asphyxia in 13 children. There was a statistical difference in
the incidence of asphyxia in groups A and B, p <0.001. Lack
of asphyxia was found only in children in group B, moderate
asphyxia was more common in group B than group A (84%
vs. 60%), while severe asphyxia was mainly found in group A
(40% vs. 5% in group B). Group B children also had a much
more frequent normal cUS result than group A, 68% vs. 40%,
p =0.017 (Table 1).

Table 1. Characteristic of study groups'

Total GroupA  GroupB
Characteristic Value (22-27 (28-31 P
group
hbd) hbd)
n 87 25 62
No (Apgar 8-10) 7 (8.0) 7(11.3)
Asphyxia Moderate (Apgar 4-7) 67 (77.0) 15(60.0) 52(83.9) <.001*
Severe (Apgar 0-3) 13(14.9) 10 (40.0) 3(4.8)
Above 2,500g - - -
1,500-2,499g 19(21.8) 19 (30.6)
Birth weight <.001*
1,000-1,4999 42(48.3) 8(32.0) 34(54.8)
Below 1,000g 26(29.9) 17 (68.0) 9(14.5)
Correct 52(59.8) 10(40.0) 42(67.7)
cUs .017
Not correct 35(40.2) 15(60.0) 20(32.3)

' Data are presented as n (% of group). Groups A and B are compared by chi-square test or
Fisher exact test (¥).
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Examination card for 2-year-old children (24 months)

First name and lastname......................c, Age .......... Weight -

Selective movements: hands - yes/no; feet yes/no

Spasticity (Tardieu Scale):

Upper extremity: no/yes: arm (left/right); forearm (left/right); wrist (left/right)
Lower extremity: no/yes: hip adductors (left/right); knees (left/right); feet (left/right)

Part 11

‘Red flags’ of developmental milestones (developed by CF Dosman et al. [21])

Sectors of child skills Yes/No
development
Gross Motor Runs, jumps, kicks

Throws ball overhand three feet forward

Walks upstairs marking time, no railing

Fine motor Copies vertical line

Stacks six cubes

Uses spoon, helps dress

Speech-language 50 words, two-word phrases

Talks instead of gestures

Nods ‘yes’, blows kisses,’shh’, ‘high five’ (representation)
Speech 50% intelligible to strangers

Cognitive Symbolic representation, simple pretend (toy broom, toy
cup to self/doll, pushes toy car to work

Strategies without rehearsal

Tries to make toys work

Social-emotional Social referencing

Comforts others (empathy)

Joint attention: points to clarify word approximations
Parallel play

‘No’, ‘Mine’

Figure 1. Examination card for 2-year-old children
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Results of the final examination of 2-year-old children.
Out of the whole group of 87children, 57 (65.5%) aged 2
years developed properly, with no significant difference
between groups A and B (64.0 vs. 66.1%). RFs of psychomotor
development at the age of 2 were observed in 18 children
(20.7%). The differences between group A and B were
also not statistically significant, but more children with
doubtful development were in group B (16% vs. 22.6%). CP
was diagnosed in 12 children (13.8%), but in Group A they
constituted a higher percentage than in Group B (20.0%
vs. 11.3%). Functional assessment on the GMFCS scale was
performed in children with CP. The results are presented
in Table 2.

Table 2. Children with diagnosed CP’

GMFCS 1 2 3 4 5 Combined
n 7 1 2 2 0 12
% 58,33 8,33 16,67 16,67 0 100

"Number (n) and % for each GMFCS level

Neurodevelopmental outcome at 2 years of age and
frequency of rehabilitation. Rehabilitation in the first 2
years of life was used in 54% of the whole group (n = 47). In
this group, 17 children (20% of the whole group) achieved
normal development at the age of 2; CP was diagnosed in
12 (14%) children, and the remaining 18 (21%) children
required further developmental observation. There was no
statistical difference in the frequency of rehabilitation used
between groups A and B, 64% in group A vs. 50% in group
B. Among the entire study group, 40 children (46%) did not
have any rehabilitation and their development at the age of 2
was normal. Table 3 shows the results of the final evaluation
of children and the frequency of rehabilitation used.

Table 3. Neurodevelopmental outcome at 2 years of age and frequency
of rehabilitation in premature babies'

. Total Group A Group B
Characteristic Value group  (22-27hbd) (28-31 hbd) p
n 87 25 62
Rehabilitation in 24 Yes 47 (540) 16 (64.0) 31(50.0) 16
months No 40(460)  9(36.0) 31(500)

Correct 57 (65.5) 16 (64.0) 41 (66.1)
Assessment of Cerebral
development at 24 palsy 12(138) > (200) 7(13) .532%
months .
Observation 14907 4(160) 14(22.6)
needed

' Data are presented as n (% of group). Groups A and B are compared by chi-square test or
Fisher exact test (¥).

Prematurity, asphyxia, birth weight and ultrasound,
and frequency of rehabilitation. As described above, of 47
(54%) rehabilitated children, asphyxia occurred in 43 (92%):
moderate in 33 children and severe in 10 children (Tab. 4).
No statistically significant relationship was found between
asphyxia or low birth weight and the use of rehabilitation
in the first 2 years of life. In contrast, abnormal ultrasound
results occurred in the group of rehabilitated children in 25
(53%), and were much more frequent compared to children
without rehabilitation (25%) (p = 0.008).

Table 4. Comparison of children with and without rehabilitation in first
2 years'

Characteristic Value ;(:j:) rehab,\illiation Rei:azbi)lli;::ison
in 2 years
N 87 40 47
Asphyxia No 7(8.0) 3(7.5) 4(85)
(Apgar 8-10)
(zAp(;ci\errZi) 67(77.0)  34(850) 33(702)  .194*
( A:;:%:) 13(14.9) 3(7.5) 10(21.3)
Birth weight ~ Above 2,500g -
1,500-2,499g 19(21.8) 12(30.0) 7(14.9) .
1,000-1,499g 42 (48.3) 20 (50.0) 22 (46.8) 0%
Below 1,000g 26 (29.9) 8(20.0) 18(38.3)
UsG Correct 52(59.8) 30 (75.0) 22 (46.8)
Not correct  35(40.2) 10 (25.0) 25(53.2) 008

" Data are presented as n (% of group). Groups are compared by chi-square test or Fisher exact
test (¥).

DISCUSSION

The clinical and scientific studies to-date regarding diagnostic
and therapeutic methods in use and early intervention
programmes for premature babies show that there are no
clear guidelines [1, 2, 11, 12, 22, 23, 24]. It is difficult to find
articles on premature babies that do not require any form of
therapy. There are definitely more descriptions of methods
for early diagnosis and rehabilitation of premature babies
who are exposed to early brain damage and its consequences
[25, 26, 27, 28, 29]. Cerebral palsy and autism are examples
of the most serious diseases occurring in the group of
neurodevelopmental disorders (NDI) in premature babies
[30, 31, 32, 33]. Depending on the degree of prematurity,
the risk of developing CP increases. In the meta-analysis
developed by Himpens E. at al., it was observed that among
children born < 28 weeks, the frequency of CP was 14.6%,
and among those born at 28-31 weeks — 6.8% [5]. In our
studies, the percentage of CP-children was definitely higher
than presented in the above-mentioned meta-analysis; for
premature babies < 28 weeks 20%, and for premature babies
28-31 weeks - 11.3%.

Due to the high risk of neurodevelopmental disorders in
premature infants, NDI-free survival at 2 years has become
a common reference point for success. NDI is defined as one
or more of the following after 2 years: moderate to severe
cerebral palsy, profound hearing loss, profound visual
impairment, moderate to deep cognitive lag (Bayley-III)
and/or motor disorders III - V level GMFCS [18, 34]. Rysavy
et al. describe that in recent years the percentage of extreme
premature babies whose development is normal at the age of 2
is increasing. The percentage of extreme premature babies (<
28 weeks) who do not have NDI at 2 years increased from 16 to
20% in 2000-2011 [34]. The research presented by the authors
included a group of children born < 32 weeks, in which the
lack of NDI at the age of 2 years was 65.5%. In a separate
group of premature babies born < 28 weeks of gestation, the
percentage of children without NDI was high and amounted
to 64%. This is over 3 times more than in Rysava’s research.
Such a significant difference led the authors to think about
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the results obtained. The group of children studied was
similar, and the medical examination supplemented with
assessment of the development milestones in 5 sectors: gross
motor, fine motor, communication, cognitive and social-
emotional functions, taking into account the so-called ‘red
flags’. Serious neurological disorders, such as cerebral palsy,
were excluded or confirmed by neurological examination.
Bayley III was not used to assess cognitive impairment.
Vision, hearing and cognitive deficits were included in the
milestone alarm symptoms. In our study, 21% of children
required follow-up development due to the RFs of milestones
at the age of 2 years. Despite another research tool being
used, the results obtained by the authors are satisfactory. The
answer to the question whether such a big difference results
from another research tool, which seems unlikely, or whether
it results from more effective therapy compared to studies
from 9 years ago, remains open. According to the authors,
close cooperation with parents and discussion of abnormal
development signs, especially in the first 6 months of life
(medical examination at 1, 2, 4 and 6 months of age) may
have a significant impact on a good final result with reduced
rehabilitation frequency.

As described in the Introduction, rehabilitation is not
indifferent to the child and the family; therefore, one of the
aims of the study was to determine the percentage of children
not rehabilitated for the first 2 years. Almost half of the
examined children (46%) did not require rehabilitation and
achieved normal psychomotor development. One third of
children (34.5%) needed rehabilitation due to CP diagnosis
(13.8%) or symptoms of abnormal psychomotor development
(20.7%), the so-called ‘red flags’. They mainly involved the
areas of communication development, and cognitive and
socio-emotional functions. Movement retardation resulted
from coexisting joint flaccidity, which is an individual trait
and usually does not require treatment [17]. The remaining 17
children had rehabilitation, but achieved normal development
at the age of 2 years.

For parents/caregivers, the first year of life of a premature
baby is a special period of their sensitivity to any information
about a threat to the child’s health. Qualification for
rehabilitation in this early period should be closely examined
in order to it to be justified [35, 36]. Another important
advantage of using RFs was the possibility of joint observation
of child development and discussing current development
deficits. Thanks to this, parents can conduct rehabilitation
themselves in a family environment, i.e. the most optimal
for a child [11]. Doing so may reduce a child’s stress level,
build a sense of security, and increase the activity of the ‘little
patient’ in learning about the surrounding environment. This
is in line with current recommendations, the aim of which
is to optimize participation. Programmes that stimulate all
aspects of infant development through family ‘coaching’ are
the most promising [15, 37].

In the group of premature babies, apart from prematurity,
other developmental risk factors often co-exist: asphyxia, low
body weight, and brain damage confirmed by imaging tests
[38, 39, 40]. The results of the presented studies indicated
that the dependence of the frequency of rehabilitation used
on the degree of prematurity, asphyxia and low birth weigh,
were not statistically significant. In contrast, an abnormal
brain ultrasound result was correlated with more frequent
use of rehabilitation (p = 0.008). Research results indicate
that the mere fact of the occurrence of risk factors is not

synonymous with the need for the early rehabilitation of
infants. In contrast, damage to the central nervous system,
confirmed by imaging, requires more early intervention [41].

Parents of prematurely born children have referrals to
many specialist clinics once their infants are discharged.
On the one hand, they must provide the child with medical
check-ups; on the other hand, the child needs a peaceful
and safe home environment. The experiences associated
with hospitalization in the ICU, and the impact of pain
and stress in this first period have a proven adverse effect
on later development [42, 43, 44]. During the examination,
an inadequate reaction of the child to the examiner can
often be observed as a consequence of past stress. This is an
important reason that a referral for rehabilitation to another
‘foreign’ person should be justified. The model of monitoring
infant development used by the authors (described in the
Methodology) allows almost half of the children from the
group at high risk of developmental disorders, not to target
rehabilitation or additional developmental assessments,
achieving normal development without NDI.

The results emphasize the importance of monitoring
the early psychomotor development of extreme premature
babies by a rehabilitation doctor. Professional experience
in working with older disabled children and their families
allows us to see the need to protect premature babies and
their parents from unnecessary therapeutic intervention in
the first months of life. It is known that early intervention
is necessary due to the greatest brain plasticity in the first
half year of life, the ‘critical windows’ for the development
of individual senses in this period [45, 46]. However, it
should be remembered that unnecessary rehabilitation is
not a matter of indifference to the infants and their families.
There is growing scientific evidence for the negative effects
of unnecessary intervention for both children and parents
who have already undergone high levels of stress [19, 20, 47,
48, 49]. An ordered system of monitoring the development
of children at risk in a specialist centre for the first 2 years
allows the earliest detection of developmental disorders
and the implementation of appropriate therapy. Above all,
however, it protects children from unnecessary intervention
and strengthens the competences of parents and guardians.
Most of the neurodevelopmental deficits in premature babies
are mild to moderate, not covered by the NDI criteria [32].
On the other hand, cognitive and socio-emotional disorders
may appear in old age in the absence of NDI in infancy [50,
51, 52]. Therefore, further long-term development follow-up
after 2 years is necessary [53].

The authors also emphasize the socio-economic aspect
of the research. Extreme premature babies are at risk of
disability and need monitoring of their development, but do
not always require rehabilitation. This problem also requires
further research. On the one hand there are more and more
therapists dealing with early rehabilitation; on the other hand,
there are scientific evidences describing the harmful effect
of unnecessary interventions on children’s development, on
the level of stress in parents, and the deterioration of family
functioning. The unnecessary costs of intervention must
also be emphasized.

Our research results are difficult to compare with those by
other authors due to the RFs used to evaluate development
milestones, described by Dosman et al. [21]. Using RFs, in
the authors’ opinion, can be valuable tools in observing
psychomotor development of children as well as qualification
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for early physiotherapists, speech therapists, and psychologists
intervention. This research is part of a project aiming to find

th

e best model for monitoring the psychomotor development

of infants at risk. In further work, we plan to supplement the
methodology with research tools that enable comparison of
results with other studies.

CONCLUSIONS

The presence of prematurity does not determine the need
for infant rehabilitation.

Monitoring of the development of premature babies by
a physician allows qualification for therapy according
to strictly defined indications to avoid unnecessary
intervention.

Asphyxia or low birth weight are indications for
monitoring of psychomotor development but not always
for rehabilitation.

The study was conducted with the consent of the Bioethical

Commission No. KE-0254/222/2017 of the Medical University
of Lublin and is the first part of the research - a retrospective
analysis of the psychomotor development of children at risk.
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