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ABSTRACT

Background: Preterm babies are also more susceptible to delayed neurodevelopment because their brain is not fully
developed and they also experience related neonatal complications. Early testing at corrected age aids in detection of delays in
development and enables prompt action.

Place and Duration of Study: This study was done in the Department of paediatrics and neonatology of Mayo Hospital Lahore
from October 2022 to April 2023.

Objective: To determine neurodevelopmental outcomes in preterm babies at the age of 12 months of corrected age.
Methodology: This was a cross-sectional study of 250 preterm babies which was descriptive. The calculation of sample size
was done with the use of formula of WHO sample size calculator. Infants who were born before 37 completed gestation weeks
and attended follow up at 12 months of age were included. The infants with any major congenital anomalies or chromosomal
disorders or severe neurological malformations were excluded. Information on gestational age, birth weight, neonatal
complications and developmental milestones were taken. At 12 months corrected age, neurodevelopmental assessment was
carried out using standard developmental assessment in gross motor, fine motor, language, cognitive, and social domains. The
results of the data analysis were the rates of normal and delayed neurodevelopmental outcomes.

Results: Among 250 preterm babies, most of them had the developmental age when they were 12 months corrected age.
However, a large proportion exhibited the evidence of developmental delay, and it was predominantly in the gross motor and
language domains. Infants with low gestational age, low birth weight, prolonged stay in the NICU, sepsis, respiratory distress
and mechanical ventilation had a higher likelihood of developing developmental delay.

Conclusion: Even premature infants are at risk of experiencing infancy neurodevelopmental delay. The frequent follow up at
the corrected age is paramount in the early identification, parental counselling and early referral to rehabilitation services.
Keywords: Preterm infants, neurodevelopment, corrected age, developmental delay, gross motor delay, language delay, low

birth weight, neonatal outcome.

INTRODUCTION
One of the most significant issues that are of public health concern
throughout the world, and which are still of significant concern as
causes of infant morbidity and long-term developmental
impairment1. A preterm baby is an infant born less than 37 weeks
of gestation completed. Improved resuscitation, the use of
neonatal steroids, surfactant therapy, and enhanced facilities of
neonatal intensive care have greatly improved survival rates of
preterm babies®. This has however also been a matter of concern
in terms of their long-term neurodevelopmental outcome especially
in early childhood when rapid brain development and
developmental maturation take place3

Pregnancy is a critical time in the development of the brain
especially in the last trimester®. At this phase, key processes that
occur include neuronal migration, formation of synapses,
myelination, cortical organization, growth of white matter
pathways®. In case of premature birth, the infant is subjected to the
external environment thus not giving the infant the necessary
space to undergo these developmental processess. This premature
exposure, in addition to medical complications associated with
prematurity may impact normal brain maturation and predispose
the occurrence of developmental delay 6. Other complications
which can also result in the occurrence of adverse
neurodevelopmental outcomes include common neonatal
problems such as respiratory distress syndrome, birth asphyxia,
neonatal sepsis, hypoglycaemia, jaundice, intraventricular
haemorrhage, prolonged oxygen and mechanical ventilation.

Neurodevelopment is the gradual development of motor,

cognitive, language, social, emotional and behaviour skills®. These
domains might be impacted in preterm babies in different extents.
A few newborns can experience mild delay which is improved with
time and early stimulation, and some infants can
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develop serious disabilities such as cerebral palsy, hearing or
vision impairment, intellectual delay or speech and language
difficulties. Gross motor delay and language delay are conditions
that are prevalent in early infancy and mostly among infants with
very low birth weight or very early gestational age . Consequently,
frequent developmental follow-up should be an important part of
this high-risk cohort.

An evaluation of preterm infants must be corrected age of
the preterm infants and not the chronological age of the preterm
infants during the first years of life. The corrected age is
determined by taking the difference between the chronological age
of the infant and the number of weeks that the infant was born
early. This change offers a better estimate of developmental
progress and eliminates the overdiagnosis of delay. At 12 months
corrected age is especially significant as various motor, cognitive,
language and social milestones become more readily assessed at
this point. It is anticipated that infants would exhibit better sitting,
crawling or standing skills, early speech sounds, recognition of
caregivers and interactive social behaviour. The lateness in the
attainment of these milestones could be a sign of the necessity of
additional evaluation and early intervention®.

Clinical implications of early detection of
neurodevelopmental delay are very important. Functional
outcomes can be enhanced by timely referring to physiotherapy,
occupational therapy, speech therapy, nutritional support, visual
and hearing assessment, and parental counsellingm. In resource
limited environments, many preterm babies leave neonatal units
without a formal follow up and thus developmental issues are not
identified early enough. Examination of 12 months of
neurodevelopmental outcome by adjusted age (12 months) can
also help to estimate the burden of developmental delay among
preterm infants and to emphasize the necessity to organize follow
up programs. This was thus planned to evaluate
neurodevelopmental outcomes in preterm infants at 12 months of
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corrected age and will also determine the rate of developmental
delay in various areas.

Objective: To assess neurodevelopmental outcomes of preterm
children at 12 months of corrected age and to determine the
prevalence of developmental delay in the motor, language,
cognitive and social domains of preterm children.

METHODOLOGY

This cross-sectional descriptive study was conducted in the
Department of paediatrics and neonatology of Mayo Hospital
Lahore from October 2022 to April 2023.The study involved 250
preterm babies. The size of the sample was determined based on
WHO sample size calculator formula. Nonprobability consecutive
sampling was used to enrol infants who were born before
completion of 37 completed weeks of gestation and receiving
follow up at 12 months of corrected age. They included preterm
babies of both genders who had already lived 12 months of
corrected age. The study did not include infants with major
congenital abnormalities, chromosomal abnormalities, known
metabolic disorders, severe neurological malformations or
incomplete medical records. Informed consent was written and
given to parents or guardians prior to data collection. Demographic
and clinical data such as gender, gestational age, birth weight,
mode of delivery, duration of NICU stay, respiratory distress
syndrome, neonatal sepsis, jaundice, hypoglycaemia, need to
receive oxygen therapy and mechanical ventilation was recorded
on a structured proforma. Corrected age was obtained by
calculating the difference between chronological age and the
number of weeks born prior to 40 weeks of gestation.
Neurodevelopmental assessment was done on the age of 12
months corrected age through clinical examination and
measurement of age-appropriate milestones. The development
was measured on gross motor, fine motor, language, cognitive and
social domains. Infants with a delay of one or more of the
developmental areas were termed as having neurodevelopmental
delay. The data were typed and processed with the help of the
statistical software. Categorical variables were determined using
frequencies and percentages, whereas the quantitative variables
were determined using means and standard deviations. The
neurodevelopmental outcomes were reported as normal
development, or developmental delay.

Inclusion And Exclusion Criteria

Inclusion Criteria: Included were preterm babies of either sex
born less than 37 completed gestation weeks, who had had follow
up at 12 months of corrected age. Infants with informed consent
given by their parents or guardians, and with neonatal records
available to them were also included.

Exclusion Criteria: Infants with major congenital anomalies,
chromosomes  abnormalities, metabolic disorders, severe
neurological malformations or who had a known genetic syndrome
were excluded. Infants with incomplete medical history, loss to
follow up or whose parents refused consent were not included
either.

Data Collection Procedure: The data were obtained upon
receiving permission by the hospital ethical review committee. The
preterm babies admitted to the paediatrics follow up clinic at the
age of 12 months after receiving written informed consent form by
parents or guardians were enrolled. All the relevant information
was recorded using a structured proforma. Demographic
information such as age, gender, gestational age of birth, birth
weight, mode of delivery, and socioeconomic status were recorded
as baseline demographic information. History of neonatal care was
collected based on the hospital records, and included information
on duration of NICU stay, respiratory distress syndrome, neonatal
sepsis, jaundice, hypoglycaemia, oxygen therapy, mechanical
ventilation and other major complications. Each infant was
corrected in their age by calculating the difference between the
chronological age and the number of weeks that a baby has not
been born. After that, neurodevelopmental assessment was
conducted at the age of 12 months corrected age. Clinical

examination and assessment of age-appropriate milestones were
used in developmental status evaluation in gross, fine, language,
cognitive and social domains. Babies who did not meet the
anticipated milestones in one or more areas were termed as
having neurodevelopmental delay. The researcher recorded
findings with a lot of caution on the proforma under the supervision
of a consultant pediatrician. All the data collected were verified to
be complete and confidentiality was upheld during the entire study.

RESULTS

A total of 250 preterm infants were included in the study. Among
them, 140 newborn babies were boys and 110 were girls. In 175
infants, the outcome was normal in terms of neurodevelopment at
the age of 12 months corrected age. In 75 infants, the outcome
was abnormal about the neurodevelopment at the age of 12
months corrected age. The delay that was the most prevalent was
the gross motor delay, followed by language, fine motor, cognitive
and social delay. Among low-weight infants, with lower gestational
age, a prolonged stay on NICU, with neonatal sepsis, respiratory
distress syndrome, and the requirement of mechanical ventilation
was more common in infants with developmental delay.

The bar chart shows neurodevelopmental outcomes of 250
preterm infants at 12 months corrected age. The majority of the
infants, 175 or 70% reported normal development with 75 or 30%
showing developmental delay. This shows that most were
developed normally, but a significant percentage was subjected to
developmental follow up and early intervention.

Table 2 presents the prevalence of developmental delay by
75 preterm babies at 12 months corrected age. The most common
was gross motor delay as it was observed in 30 of the infants, then
there was language and fine motor delay. Less prevalent were
cognitive and social delays. The results highlight the importance of
routine screening and early detection.

Table 3 reveals that developmental delay was more
prevalent among infants who had low gestational age. The
maximum frequency was found in infants born below 32 weeks,
and then in those born between 32 and 34 weeks. Infants born
with a 35-36-week developmental delay demonstrated the lowest
frequency of developmental delay at one year.

Table 4 shows that developmental delay was highest among
infants with birth weight less than 1500 g. The frequency declined
with an increase in birth weight. The lowest rate of development
delay was observed in infants with a weight of 2500 g and above.
This suggests that low birth weight is highly related to weaker
neurodevelopmental outcome.

Table 5 indicates that preterm infants experiencing neonatal
complications had a higher rate of developmental delay. The
greatest percentage was observed in infants who need mechanical
ventilation followed by neonatal sepsis, respiratory distress
syndrome, and long NICU stay. Infants who did not have significant
complications experienced the least developmental delay, implying
that complications make neurodevelopmental outcomes worse.

200 Neurodevelopmental Outcomes at 12 Months Corrected Age

175 (70%)
175

150 4

-
N
o

100

75 (30%)

Number of Infants

~
a

50

25

Normal development Developmental delay
Neurodevelopmental Outcome

PJMHS Vol. 17, No. 12, December, 2023 847



Neurodevelopmental Outcomes in Preterm Infants at 12 Months of Corrected Age

Table 2: Distribution of Developmental Delay by Domain (n = 75)

Developmental Domain Frequency Percentage
Gross motor delay 30 40%
Language delay 18 24%

Fine motor delay 12 16%
Cognitive delay 9 12%

Social delay 6 8%

Total 75 100%

Table 3: Association of Developmental Delay with Gestational Age (n = 250)
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Table 3: Association of Developmental Delay with Gestational Age (n = 250)

Gestational Age Total Infants | Developmental Delay | Percentage

Less than 32 weeks | 60 30 50%

32 to 34 weeks 90 28 31.1%

35 to 36 weeks 100 17 17%

Total 250 75 30%

Table 4: Association of Developmental Delay with Birth Weight (n = 250)
Birth Weight Total Infants Developmental Delay Percentage
Less than 1500 g 70 35 50%

1500 to 2499 g 110 30 27.3%
2500 g and above 70 10 14.3%
Total 250 75 30%
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Table 5: Association of Developmental Delay with Neonatal Complications (n
= 250)

Neurodevelopmental Outcome Frequency Percentage
Normal development 175 70%
Developmental delay 75 30%

Total 250 100%

Neonatal Complication Total Developmental | Percentage
Infants Delay

Neonatal sepsis 60 25 41.7%

Respiratory distress 55 22 40%

syndrome

Mechanical ventilation 40 18 45%

Prolonged NICU stay 70 28 40%

No major complication 95 15 15.8%

DISCUSSION

Preterm birth is a significant risk factor to a poor
neurodevelopment outcome in infancy and early childhood. In the
current study, neurodevelopmental outcome of 250 preterm infants
was evaluated at the age of 12 months of corrected age”. The
results indicated that 175 babies had normal development,
whereas 75 babies depicted developmental delay12. This means
that even though majority of the preterm infants were able to attain
age-appropriate milestones, a significant proportion of them were
at risk of not developing age appropriately and needed close follow
up.

This paper was able to note that developmental delay was
experienced in 30% of the preterm babies in this study1 . The
results of this study point to the susceptibility of preterm babies
within the initial year of life . Prematurity also has an impact on the
growth of the brain because all the important development
processes of the brain such as myelination, formation of synapses
and maturation of the cortex take place during the last trimester of
the pregnancy. In cases where birth is premature, such processes
could be disrupted”. Moreover, neonatal diseases and long
hospitalization can further be used to augment the risk of poor
developmental outcome.

Gross motor delay was the most prevalent area of infants
with developmental delay followed by language delay and fine
motor delay. The delays in cognition and social development were
less common. Gross motor delay could be attributed to immaturity
in neuromuscular control, low birth weight, long term illness, and
low early physical activity at the NICU admission. Language delay
can also be because of immaturity in the brain development, long
hospitalization and reduced early parent interaction. These results
underpin the significance of the evaluation of various
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developmental areas instead of basing the assessment solely on
the general clinical impression“’.

The research further revealed that the lower gestational age
was related to the higher rate of developmental delay16. Infants
born below 32 weeks were the highest proportion of delay followed
by those born between 32-34 weeks. Babies who were born
between 35 and 36 weeks had least incidence of delay'’. The
trend indicates that the more maturity a child is born with, the more
the neurodevelopment is safeguarded. Very and extremely preterm
babies are more at risk of developing complications that may lead
to delayed attainment of milestones, which include respiratory
distress, sepsis, hypoxia, and feeding difficulties.

Another significant factor that was related to developmental
outcome was birth weight. The highest developmental delay was in
infants with a weight of less than 1500 g and the lowest
developmental delay was in infants with a weight of 2500 g and
above'. Low birth weight is frequently an indication of intrauterine
growth restriction, inadequate nutritional condition and increased
medical instability in the newborn. Such infants might need a long
period of NICU care, oxygen, and close monitoring, which are
linked to a higher risk of development'®.

Neonatal complications were also very significant. Infants
who had mechanical ventilation, neonatal sepsis, respiratory
distress syndrome, and extended NICU stay were more likely to
have developmental delay. The mechanical ventilation can be a
sign of serious respiratory disease and a potentiality to be
subjected to hypoxia or extended oxygen treatments. The
developing brain can be at risk due to inflammation, lack of
oxygen, and subsystem instability. The lowest prevalence rate of
developmental delay was observed in infants who did not have
major neonatal health problems, which supports the role of early
neonatal health in the long-term outcome .

In general, the results indicate that systematic follow up of
the preterm babies after discharge is necessary. Corrected age
assessment is necessary since it will give a more precise measure
of developmentzo. The prompt management of delay will enable
prompt referral of the child to physiotherapy, speech therapy,
occupational therapy, nutrition support and parental counselling.
Intensification of the neonatal follow up clinic can enhance
developmental outcomes and decrease long term disability in
preterm infants.

CONCLUSION

This research has found that preterm infants are at significant risk
of neurodevelopmental delay at 12 months of corrected age.
Despite the most common developmental outcomes showed
normal developmental results by most of the infants, a
considerable percentage of the infants had delay in at least one of
the developmental domains. The most observed problem was
gross motor delay, there was language and fine motor delay,
whereas cognitive and social delays were less frequent. Infants
with lower gestational age, low birth weight, prolonged NICU stay,
neonatal sepsis, respiratory distress syndrome, and required
mechanical ventilation were more likely to have developmental
delay. The results suggest that preterm birth and the related
neonatal morbidity play a significant role in early
neurodevelopment. To ensure early identification of developmental
delay, regular follow up with corrected age assessment is
necessary. Timely referral to physiotherapy, speech therapy,
occupational therapy and parental counselling can be used to help
in terms of improving the long-term outcomes of preterm infants.
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