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Abstract

Background Preterm infants have a risk of health and developmental problems emerging after discharge. This
indicates the need for a comprehensive follow-up to enable early identification of these problems. In this paper,

we introduce a follow-up tool “ePIPARI — web-based follow-up for preterm infants” Our future aim is to investigate
whether ePIPARI is a feasible tool in the follow-up of preterm infants and whether it can identify children and parents
in need of clinical interventions.

Methods ePIPARI includes eight assessment points (at term age and at 1, 2, 4, 8, 12, 18, and 24 months of corrected
age) when the child’s health and growth, eating and feeding, neurodevelopment, and parental well-being are evalu-
ated. ePIPARI consists of several widely used, standardized questionnaires, in addition to questions typically presented
to parents in clinical follow-up visits. It also provides video guidance and written information about age-appropriate
neurodevelopment for the parents.

Parents of children born before 34 weeks of gestation during years 2019-2022 are being invited to participate

in the ePIPARI study, in which web-based follow-up with ePIPARI is compared to clinical follow-up. In addition, the par-
ents of children born before 32 weeks of gestation, who reached the corrected age of two years during 2019-2021
were invited to participate for the assessment point of 24 months of ePIPARI. The parents are asked to fill in the online
questionnaires two weeks prior to each clinical follow-up visit.

Discussion The web-based tool, ePIPARI, was developed to acquire a sensitive and specific tool to detect infants
and parents in need of further support and clinical interventions. This tool could allow individualized adjustments
of the frequency and content of the clinical visits.

Trial registration ClinicalTrials.cov, NCT05238168. Registered 11 April 2022 — Retrospectively registered.
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Background

Advances in perinatal and neonatal care have led to bet-
ter survival of preterm infants from early gestational
weeks [1, 2], which have led to increased need for neo-
natal follow-up services. Preterm birth is associated with
problems in later growth, health, and neurodevelopment
[3—6]. Parents of preterm infants also have an increased
risk for stress, anxiety, and depression [7-9] that may
negatively affect their child’s well-being and development
throughout childhood. Literature suggests that especially
very preterm (<32 weeks’ gestation) infants should have
careful follow-up for early identification of prematurity-
related problems [10, 11]. However, also infants born
moderate and late preterm (33 —36 weeks of gestation)
have shown to be in a higher risk of long-term health
and neurodevelopmental sequelae compared with infants
born at term [12, 13].

The European Foundation for the Care of Newborn
Infants has recently recommended the follow-up of
very preterm children with standardized assessments of
neurodevelopment and behavior at 2 years of age and at
transition to school [14]. Targeted screening of paren-
tal mental health through regular follow-up visits is also
included in recommendation [14]. The Swedish national
recommendation includes follow-ups at 2 and 5.5 years of
age for extremely preterm infants born below 28 weeks of
gestation and for all preterm infants with brain injuries,
severe morbidity, or severe growth retardation [15]. The
National Institute for Health and Care Excellence guide-
lines for the United Kingdom recommend a two-year
follow-up for all children born below 30 weeks of gesta-
tion. In addition, children born between 30 and 36 weeks
of gestation should be followed if they have additional
risk factors of abnormal development [16]. Although
the importance of neonatal follow-up is internation-
ally recognized, there is a need for structured evidence
based multidisciplinary follow up practices. It is impor-
tant to develop evidence-based follow-up programs to
improve cost-efficiently the quality of the follow-up of
preterm infants and to create opportunities for a more
uniform follow-up practice. Systematic follow-up and
timely interventions make it possible to target the limited
resources and the services effectively to those children
and families who need them most.

eHealth Screening and Support tools have been sug-
gested as being useful in early intervention and person-
alised support [17, 18] and could facilitate the follow-up
programs of preterm infants with risks. Internet-based
interventions and digital materials have shown to be ben-
eficial in paediatric mental health problems and in paren-
tal support [19-22]. The use of a range of approaches
for example in intervention and supporting families is
also recommended in national recommendations for
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premature infants [14, 16]. As there are no previous
reports on web-based follow-up tools for preterm infants
that cover all aspects of developmental follow-up, that we
are aware of, ePIPARI- a follow-up tool for preterm chil-
dren was developed in Turku University Hospital based
on clinical knowledge and relevant international litera-
ture as well as expertise gained from the PIPARI-study
(The Development and Functioning of Very Low Birth
Weight Infants from Infancy to School Age) (www.utu.fi/
pipari).

Our aim was to develop a web-based tool that could
supplement the follow-up and family intervention ser-
vices of preterm infants so that different needs and health
care resources could be met sufficiently. The goal of
web-based tool, ePIPAR], is to target the resources and
the services cost- effectively to those preterm children
and families who need them most, and also enable the
follow-up of low risk late preterm infants otherwise left
out of the clinical follow-up due to limited resources. The
purpose is to enhance the follow-up through web-based
monitoring; reduce the amount of unnecessary routine
visits for very preterm children doing well and also iden-
tify those in need for additional visits and interventions.
Also, by reducing the amount of unnecessary routine
visits, digital follow-up could also be offered for all late
preterm infants and according to the answers in the ePI-
PARI, those children and families in need can be called
for clinical visits. For the clinicians, ePIPARI provides an
additional tool to obtain information e.g. about parental
well-being and the child’s socio-emotional development
indicating increased risk for later psychiatric symptoms.
Previous studies suggest that it is easier for clients and
parents to report their sensitive information without
face-to-face contact [17, 18]. Obtaining this information
allows early intervention and further guidance.

In this paper, we introduce our web-based follow-up
tool ePIPARI and the study protocol for evaluation. To
evaluate the feasibility and performance of ePIPARI we
designed a prospective study in which web-based follow-
up with ePIPARI is compared to clinical follow-up.

Methods

Aims

The aim of this prospective study is to investigate
whether the ePIPARI is a feasible and valid tool for fol-
low-up of preterm infants in identifying children and
families in need of further clinical interventions or sup-
port compared to clinical follow-up. We hypothesize that
1) ePIPARI is a feasible tool for the follow-up of preterm
infants and their parents, and 2) it is comparable to rou-
tine clinical follow-up in recognizing children and par-
ents in need for requiring interventions.
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The structure of ePIPARI

ePIPARI is a digital follow-up tool on a web-based plat-
form. It provides comprehensive follow-up for preterm
children and their parents from term age until 2 years
of corrected age. ePIPARI-follow-up tool was developed
by the multidisciplinary PIPARI Study group and the
staff of the Pediatric Unit of Turku University Hospi-
tal and is based on international recommendations and
relevant literature. In addition, clinical knowledge and
expertise gained from the PIPARI-study have been uti-
lized in the development of the tool. The PIPARI Study
group consist of researchers and experts from different
disciplines, including pediatric and adolescent medicine,
nursing science, pediatric neurology, psychology, neu-
ropsychology, speech-language pathology, public health,
psychiatry, physiotherapy and neuroradiology. The con-
tent and questionnaires of each time point in ePIPARI
were developed and planned in collaboration with this
multidisciplinary team. The permission to use standard-
ized assessments and copyright-related issues has been
taken into account. In addition, the nurses of Preterm
Infant Follow-Up Clinic and Neonatal Intensive Care of
Unit participated in planning the content. The technical
implementation of the web-based material was carried
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out by Kaiku Health-company, whose web-based plat-
form was already in use at Turku University Hospital in
Pediatric Oncology Unit.

ePIPARI includes eight assessment points: term age, 1,
2, 4, 8, 12, 18 and 24 months of corrected age. It evalu-
ates the child’s health and growth, eating and feeding,
neurodevelopment (development of motor skills, lan-
guage, cognition, behavior, and socials skills) and family
wellbeing (parental depression and marital satisfaction)
(Table 1). Responses are classified for typical develop-
ment, growth and behavior or responses of concern using
different thresholds or a traffic light model. Widely used
standardized questionnaires, and age-appropriate clini-
cal questions are used (Table 2). ePIPARI also provides
videos of health and typical development, as well as writ-
ten information on how to support a child’s development
and how to get help with concerns related to parenting or
child’s developmental problems.

Measures of the web-based follow-up
Health and growth At every age-point there are general

questions of health, growth, nutrition (type of milk, die-
tary supplements, solid food, vitamins), eating difficulties

Table 1 ePIPARI - Web-based follow-up of preterm infants. Age points (corrected age) and topics

Term age 1 month 2 months 4 months 8 months 12 months 18 months 24 months
Health X X X X X X X X
Growth X X X X X X X X
Feeding and eating X X X X X X X X
Motor development X X X X X X
Language development X (x) X
Cognitive development X
Behavior and self regulation X8 X
Social relationships x? X
Interaction and attachment X X X

Parental well-being, depres-
sion and marital satisfaction

2 questionnaires for both parents separately

(x) for children scored below the 10" percentile value of the norming sample of the FinCDI-SF or FinCSBS-ITC at 12 months of corrected age

Table 2 ePIPARI—Web-based follow-up of preterm infants. Assessment methods

Language development

Cognitive development

Behavior and Self regulation

Social relationships

Parental well-being and functioning

Finnish version of the Infant=Toddler Checklist of the Communication
and Symbolic Behavior Scales Development Profile (FInCSBS-ITC)

The Finnish Short Version of the MacArthur Communicative Develop-
mental Inventories (FINCDI-SF)

Parent Report of Children’s Abilities-Revised for preterm infants (PARCA-R)
Brief Infant-Toddler Social and Emotional Assessment (BITSEA)
Brief Infant-Toddler Social and Emotional Assessment (BITSEA)

Edinburgh Postnatal Depression Scale (EPDS)
Revised Dyadic Adjustment Scales (RDAS)
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and medications, bowel function, skincare, vision and
hearing and sleeping. Growth is evaluated by requesting
the growth measures (weight, length, head circumfer-
ence) from the last visit to the public well-baby clinic.
Growth is evaluated using the Finnish age and sex spe-
cific growth charts and the growth screening program.
General health/illness is evaluated by questions on any
possible underlying illnesses, acute and previous infec-
tions, and different symptoms, for example, difficulties
in breathing, posseting, constipation, and crying. Clinical
problems are evaluated with categories of concern. Infor-
mation on the sleeping habits of the child is also asked
at each age point. A Patient and Public Involvement
approach is included by asking the parents questions
about concerns related to their child and opinions on the
survey; “What would you like us to ask?” and “Did you
find these questions relevant?”.

Neurodevelopment

Motor development is outlined with questions related to
age-appropriate motor development at each age point
beginning from 2 months of corrected age. Parents are
asked for example if the child is able to maintain her/his
head upright, whether the child uses both hands and legs
equally, and what kind of postures and motility is typical
for the child. The tutorial videos on ePIPARI are offered
to help parents to answer the questions about motor
skills. If there is any deviation from the expected age-
appropriate level, additional detailed follow-up questions
then follow. Concerns about motor development are
evaluated using a traffic light model for each item, where
green indicates that child is developing typically, yellow
means a possible risk, and red a clear risk of developmen-
tal problems.

Information on the emerging language and commu-
nication ability is collected at 12 and at 24 months of
corrected age using the Finnish short form versions of
MacArthur Communicative Development Inventories,
FinCDI-SF [23-25] and different composites of the Finn-
ish version of the Infant-Toddler Checklist of the Com-
munication and Symbolic Behavior Scales Development
Profile (FinCSBS-ITC) [26, 27]. Both methods have
been adjusted using norming and validated for the Finn-
ish population, and they provide information on early
receptive and expressive lexical development and early
communicative behavior (i.e. expression of emotions,
use of gaze, communication ability, gesture, and object
use). The cut-off points of the norming population for
these methods (the weakest 10" percentile) are used to
identify children at risk for language development and
communication.
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Cognitive development is assessed at 2 years of cor-
rected age using a Finnish translation of the original
English Parent Report of Children’s Abilities-Revised
questionnaire (PARCA-R) validated for premature chil-
dren [28, 29]. The original PARCA-R is a parent ques-
tionnaire concerning children’s nonverbal cognitive
and language development at 2 years of age. It has been
shown to be sensitive and specific in identifying a neu-
rodevelopmental delay in children born preterm [29, 30].
In this protocol only the section assessing nonverbal cog-
nition consisting of 34 items is used. The items are being
summed to give a nonverbal cognitive subscale score. The
cut-off point of 24 points (the weakest 10" percentile) is
used to identify children with developmental delay. The
original PARCA-R version also includes a short form ver-
sion of the Communicative Development Inventories in
the language in question, and some items assessing lan-
guage structures. In ePIPARI, the Finnish short form
versions of MacArthur Communicative Development
Inventories (FinCDI- SF) is used to collect information
on lexical ability at two years of age. This information can
be used together with nonverbal cognitive subscale.

Behavior and social skills are evaluated at 24 months of
corrected age using the Brief Infant-Toddler Social and
Emotional Assessment (BITSEA)—questionnaire includ-
ing 42 items [31]. Based on the items, five subscales are
formed; externalizing subscale e.g. aggression, overac-
tivity, internalizing subscale e.g. shyness, anxiety, dys-
regulation problems subscale e.g. sleeping, eating, and
emotion regulation problems and maladaptive behaviors
subscales e.g. behaviors related to autism spectrum dis-
order and social competence e.g. prosocial peer relations,
empathy, play skills and social relatedness. The questions
and interpretation of the results are separated into prob-
lem and competence categories. The first four subscales
are combined to form a total problems score. The prob-
lem total cut-off score is set at the 25™ percentile, and the
competence total cut-off score at the 15™ percentile and
these are used to recognize the child’s risk of behavioral
and social problems.

Family well-being

Parental sleep quality is evaluated at each age point, but a
more detailed questionnaire is sent to both parents when
the child is at 8 months of corrected age. The quality of
parents’ sleep at 8 months of corrected age is assessed
using 8 items extracted from the original Basic Nordic
Sleep Questionnaire (BNSQ) [32, 33]. The family's well-
being is examined by asking about the social support they
have received as regards formal or/and informal support,
and the help they would like to have to give them more
support with everyday life. Parental depressive symptoms
are assessed separately from both parents when the child
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is at 8 months and 12 months of corrected age by the
Edinburg Postnatal Depression Scale [34] which has been
widely used to assess maternal depression. A cut-off value
of 13 is used. In addition, marital satisfaction is assessed
with The Revised Dyadic Adjustment Scale, RDAS [35]
when the child is at 8 months of corrected age. The RDAS
is a shortened version of the Dyadic Adjustment Scale
[36]. It consists of 14 items designed to measure adjust-
ment in dyadic relationships on 3 sub-scales: Consensus,
Satisfaction and Cohesion.

Parent’s user-experience

To study the usability, parents are asked to anonymously
complete enquiries about user-experience of the web-
based follow- up via email. These enquiries ask parents
if it has been very easy, easy, difficult, or very difficult to
answer the questions, how time consuming they have
found filling in the forms, whether the material provided
by the service has been useful, and if they have experi-
enced any benefits. Parents are also asked to give general
feedback and improvement suggestions. The ePIPARI fol-
low-up protocol can be improved during the study based
on the experiences of the families or researchers.

Information of routine follow-up as comparison

The routine follow-up of preterm infants in Turku Uni-
versity hospital serves as a comparison for the per-
formance of ePIPARI. The children born<32 weeks
or<1500 g are routinely followed systematically until
the corrected age of two years, while the infants born
between 32 and 34 weeks of gestation (and <1500 g)
participate in routine follow-up visits at least at 2, 4 and
8 months of corrected age and the follow-up continues
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until they are able to stand up independently (usually
until 1 year of corrected age). The follow-up focuses on
identifying issues that require clinical evaluation, such as
concerns about growth and feeding, neurodevelopment,
and parental wellbeing. The structure of the routine fol-
low-up is presented in Table 3.

Participants and recruitment procedure

The recruitment process is ongoing. Parents of all pre-
term children, who meet the inclusion criteria during
4/2019-12/2022 are approached before discharge and
asked to participate in the “ePIPARI—web-based fol-
low-up of preterm infants” The inclusion criteria for the
infants and the parents are 1) infant is born before 34 ges-
tational weeks, 2) infants have systematic developmental
follow-up in pediatric unit in Turku University Hospital
and 3) parents speak Finnish, Swedish or English. Inclu-
sion criteria for participating only in the two-year cor-
rected age was that the child is born before 32 gestational
weeks during 2019-2021. We excluded infants, who
didn’t have clinical follow-up in Turku University Hospi-
tal and parents, who couldn't speak Finnish, Swedish or
English.

Recruitment takes place in the neonatal intensive care
unit by a registered nurse or a PhD-student (T.S) and the
link for registration is sent to the parents’ email. After
registration, parents log into ePIPARI via email or via a
Mobile App by using a secure strong recognition. Advice
and support for logging in is provided by a nurse before
discharge. All preterm born children have the routine
follow-ups regardless of their participation in the study.

The ongoing data collecting process is as follows: A
digital invitation to complete the age-point specific

Table 3 Clinical follow-up schedule for very preterm infants at the University Hospital of Turku, Finland

Assessment methods and examinations

Termage 1month 2°months 4°months 8 months 122 months 24 months

Clinical examination by pediatrician and physiotherapist X

Growth: weight, length, and head circumference by regis- X
tered nurse

Dubowitz neurological examination by physiotherapist X

Hammersmith Infant Neurological Examination by physi-
otherapist

Finnish Long Form Version of the MacArthur Communicative
Developmental Inventories (questionnaire)

Bayley Scales Il (Infant and Toddler Development) by psy-
chologist and physiotherapist

Edinburgh Postnatal Depression Scale (EPDS) for both parents
(questionnaire)

Magnetic Resonance Imaging of the brain X
Brainstem Auditory Evoked Potential

X X X X X
X X X X X
X X

In addition to the schedule above, the follow up includes ophthalmological examination at 3-3,5 years of age. All ages are corrected for prematurity

2 for infants born at gestational weeks 32-34 GA
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questionnaires is sent two weeks prior to each age-point
to parents’ email or to Mobile App. Parents can complete
the questionnaires together or only by another, but que-
ries related to family well-being are sent to both parents
separately (Table 1). Reminders are sent if the question-
naires are not filled in. The aim is for the questionnaires
to be completed before the clinical follow-up visits and
so that afterwards the answers can be compared to the
(written) medical records made in the clinical visits. The
staff of the Pediatric unit will be blinded for the data of
the ePIPARI so that it does not affect their assessment
during clinical visits. Experienced medical doctors evalu-
ate the answers of the questionnaires at two weeks inter-
vals and estimate the amount of concern based on the
responses and pre-set cut-off points. If there is significant
concern that was not evident during the clinical follow-
up visit, the medical doctor contacts the family or staff of
the neonatal follow-up clinic.

The evaluation of feasibility and performance

The evaluation of feasibility is based on the knowledge of
how parents have taken part in the study and how they
have completed the questionnaires of ePIPARI at differ-
ent age points. Furthermore, the anonymous survey of
user-experience provides descriptive information on how
parents have experienced the questionnaire, the technical
usability of the ePIPARI, and its content.

The validity of the ePIPARI is evaluated based on its
ability to identify children and parents in need of further
support and clinical interventions in comparison to clini-
cal visits. The outcomes to be compared are: concerns
requiring clinical intervention including specialist con-
sultations, further investigations, additional controls/
follow-up visits, prescription medication or supplements
or referral for treatment or therapy.

Sample size and statistical power

Approximately 50-60 very preterm infants enter the
clinical follow-up at Turku University Hospital every year
and 600-650 children born prematurely are examined in
the Preterm Infant Follow-up Clinic each year. Power cal-
culations were performed to detect the children needing
interventions or further follow up at 2 years of corrected
age. Using data collected from ePIPARI for this age-
point, we get the minimum sample size 26 participants,
to achieve a power of 80% and a two-sided significance of
5% for detecting a difference of 35% between web-based
and clinical evaluation (42% vs 77%) for further follow-
up need. While both evaluations are made for all chil-
dren, also moderate association between evaluations was
assumed (correlation between paired observations was
assumed to be 0.35) [Reference: Dhand, N. K., & Khatkar,
M. S. (2014). Statulator: An online statistical calculator.

Page 6 of 9

Sample Size Calculator for Comparing Two Paired Pro-
portions. Accessed 25 April 2023 at http://statulator.
com/SampleSize/ss2PP.html]. The estimated data col-
lection time to achieve the predetermined number of
participants is 2—-3 years, as not all the families agree to
participate in the ePIPARI Study. The data collection is
ongoing, and the analysis will start when data has been
accumulated.

Plan for statistical analysis

Data will be presented using descriptive statistics: mean
values (SD) for normally distributed data, median (range/
min, max) for data that are not normally distributed, and
counts with percentages for categorical data.

The main comparison between digital assessment and
clinical evaluation for each timepoint will be done with
McNemar test (binary categorization) or Bowker test
(more than two categories) for disagreement. Digital
assessment will be categorized with different thresholds
or a traffic light model (“child is developing typically’,
“a possible risk or a clear risk”) and clinical assessment
will be categorized to categories: “no concern’, “concerns
requiring clinical intervention including specialist con-
sultations, further investigations, additional controls/
follow-up visits, prescription medication or supplements
or referral for treatment or therapy” Also, agreement
and it’'s 95% confidence interval will be calculated. Fur-
thermore, sensitivity, specificity, positive and negative
predictive values will be calculated (compared to clinical
assessment).

Pearson’s or Spearman’s correlation coefficients will be
generated to evaluate the linear relation between contin-
uous variables.

In addition, to study the association between predictor
and response variables within ePipari or clinical assess-
ment visits, linear models or logistic regression models
can be built up. The effect of confounding factors (such
as socio-economic status, pregnancy week when child
was born) will be taken into account, as appropriate. For
those measurements which are evaluate repeatable, lin-
ear mixed models suitable for repeated measurements
will be used.

Statistical analyses will be performed using SPSS ver-
sion 29 or later or SAS System, version 9.4 for Windows
or later. Two-sided p-value<0.05 will be considered as
statistically significant. Confidence intervals of 95% will
be calculated, especially for feasibility part of the study.

Discussion

This paper describes the study protocol of the web-based
follow-up tool ePIPARI for preterm infants using routine
clinical follow-up visits in Turku University Hospital, Fin-
land, as comparison. Evidence based and cost-efficient
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follow-up systems for preterm infants are needed to
improve early identification of problems related to pre-
maturity, to enable timely intervention and support for
preterm infants and families, to monitor the quality of
neonatal care and follow-up, and harmonize practices.
Our systematic and intensive evidence-based follow-up
enables the development of such a follow-up protocol.

The purpose of this ePIPARI-project is to create more
individualized follow-up through web-based monitor-
ing for very preterm infants; reduce the number of rou-
tine visits for those who grow and develop well without
compromising their safety, and on the other hand pro-
vide targeted, time-specified, and more intensive care
and support for those in need. ePIPARI could also enable
follow-up and support for late-preterm infants for whom
systematic follow-up in special health care services can-
not be generally provided due to limited staff resources.
We expect that digital monitoring will provide additional
benefits to families; ePIPARI is a channel for dissemina-
tion information and support and may support a flexible
follow-up tailored to the needs of the family.

The possible limitation of the study is the challenge of
involving parents in a parallel follow-up. Even the use of
routine follow-up services has been shown to be a chal-
lenge and less used especially among socially disadvan-
taged families [37, 38], who might benefit most from the
follow up. Moreover, this web-based follow-up does not
currently reach the immigrant families with no mutual
language; however, these families may benefit more from
clinical visits with an interpreter. However, we assume,
that this web-based follow-up system will increase the
involvement of the parents due to easy accessibility and
availability.

In the future, this web-based system is intended to be
shared with a larger number of NICUs and follow up
services to increase comparison and cooperation and to
enable children and parents to obtain support and help
when needed. The long-term effects and the usability of
the ePIPARI follow-up tool will be evaluated in this pro-
spective study.
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