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What's already known about this topic?

Fetal growth restriction is associated with neurocognitive impairments, including problems with
speech, language and literacy skills.

What does this study add?

We demonstrated that increased blood flow resistance in the umbilical artery and cerebral
vasodilatation are associated with poor communication, language, and literacy skills at early
school age in children born with FGR. These finding indicate the need for follow-up and preventive

measures for children who demonstrated abnormal blood flow during fetal life.


mailto:noora.korkalainen@hus.fi

Abstract

Aim Long-term follow-up studies on children born with fetal growth restriction (FGR) have
revealed a specific profile of neurocognitive difficulties, including problems with speech, language
and literacy skills. We hypothesized that problems with communication skills, including language
use and literacy skills of FGR children at primary school age are associated with prenatal

circulatory changes.

Methods Ultrasonographic assessment of fetoplacental hemodynamics was performed prenatally
in 77 fetuses. After a follow-up period of 8-10 years, assessment of reading and spelling skills using
standardized tests and the Children’s Communication Questionnaire (CCC-2) was performed to
measure different language skills in 37 FGR children and 31 appropriately grown (AGA) controls,

matched for gestational age.

Results Increased blood flow resistance in the umbilical artery (UA PI > 2 SD) during fetal life
showed odds ratios of 3.9-11.1 for poor literacy skills and need for speech and language therapy.
Furthermore, FGR children with prenatal cerebral vasodilatation (cerebroplacental ratio (CPR) <-2
SD) had significantly poorer literacy and communication skills, as shown by the CCC-2, at primary
school age compared to the AGA controls. Abnormal CPR demonstrated odds ratios of 4.5-41.2 for

poor literacy and communication skills and need for speech and language therapy.

Conclusion Increased blood flow resistance in the umbilical artery and cerebral vasodilatation are
associated with poor communication, language, and literacy skills at early school age in children
born with FGR. These findings indicate the need for continuous follow-up of this group and timely

targeted support to ensure optimal academic outcomes.



Abbreviations

AGA Appropriate growth for gestational age
CPR Cerebroplacental ratio

CTG Cardiotocography

FGR Fetal growth restriction

MCA Middle cerebral artery

Pl Pulsatility index

UA Umbilical artery



Introduction

Fetal growth restriction (FGR) is associated with significant short-term and long-term mortality
and morbidity [1,2]. Despite intensive research on FGR, the timing for delivery to ensure optimal
long-term outcomes is still under evaluation. In clinical practice, the risks of prematurity are
weighed against the deterioration of placental function and fetal distress by using fetal Doppler
findings, biophysical profile score, and cardiotocography (CTG) in serial fetal surveillance tests.
Placental insufficiency, the most common cause of FGR, may result in chronic fetal hypoxia [3],
and as an adaptive mechanism to hypoxia, blood flow in the fetus is redistributed in favor of vital
organs, the heart, and the brain [4-6]. Cerebral vasodilatation was earlier regarded as a protective
autoregulatory mechanism and referred to as “brain sparing’ [7, 8], but recent findings suggest
that cerebral redistribution, often assessed clinically using the cerebroplacental blood flow ratio,
may not be entirely a protective phenomenon [9]. Adverse neonatal outcomes, reduced neonatal
brain volumes, and increased risk for adverse neurocognitive outcomes in early childhood have

been associated with fetal cerebral vasodilatation [10-14].

Development of sufficient language and communication skills is essential for a child’s cognitive
development and academic performance. Indeed, reading and spelling skills are essential for
reading comprehension and later academic and occupational success, and sufficient language and
communication skills are needed in order to successfully use language in various situations and
social contexts [15-18]. In particular, pragmatic language skills, which are defined as the
appropriate use and interpretation of language in relation to the context in which it occurs, play a
significant role in effective communication [19]. Previously, the FGR children of this cohort have
shown poor performance in reading and writing skills as well as in communication skills at primary
school age [20, 21], with a wide variation seen between the individuals. However, detailed data

concerning fetal circulatory changes and language skills at early school age are lacking.

In the present study, we hypothesized that poor communication and literacy skills of FGR children
at primary school age are associated with fetoplacental hemodynamic changes. Specifically, we
were interested in examining the impact of increased umbilical artery pulsatility and the balance
between the cerebral and placental circulations on communication and literacy skills at primary

school age.



Materials and Methods

The study participants belonged to a prospectively collected cohort (n=77) of growth-restricted
fetuses (birth weight < 10" percentile and/or umbilical artery (UA) pulsatility index >2 SD in a
normal population [22, 23]. The mothers were recruited in 1998-2001 from our high-risk prenatal
unit, and were later contacted to book a follow-up visit in accordance with the protocol when their
children reached 8- 10 years of age (Figure 1). In all cases, gestational age was confirmed by
ultrasound before 20 gestational weeks. Pregnancies with major structural and chromosomal
abnormalities, and those complicated by chorioamnionitis and/or ruptured membranes were
excluded. From the originally collected cohort, 39 children attended the follow-up visit. Two
children were excluded from the analyses because of the child’s unwillingness to perform the tests
(n=1) and insufficient Finnish language skills (n=1). The control group consisted of 31 children with
appropriate growth for gestational age (AGA). The control group was selected from delivery room
records and these children were matched for gestational age, gender, and delivery within 2
weeks of the index FGR neonate. The recruited children included 21 FGR and 17 AGA eight-year-
old second graders, 13 FGR and 14 AGA nine-year-old third-graders, and three 10-year-old FGR
children, who had recently started the fourth grade. The fourth graders were included presuming
that they had only recently achieved third-grade academic skills. The research protocol was
approved by the Ethical Committee of the Oulu University Hospital (approval number 8/2008 on

February 21, 2008). Study participation required written maternal consent.

Prenatal assessment

Maternal characteristics and obstetric data were collected at the study entry. Maternal
hypertensive disorders were categorized according to the guidelines of the American College of
Obstetrics and Gynecology [24] and prenatal steroid therapy included two 12 mg betamethasone

doses at 24 h apart.

Detailed information concerning placental and fetal hemodynamic assessments collected by a
single investigator within a week (median of 2.9 days) prior to delivery has been described earlier
[25]. Acuson Sequoia 512 (Acuson, Mountain View, CA, USA) with 4-8 MHz transducers were used

for scanning, and the angle of insonation was maintained at <15 degrees in all examinations. Three



consecutive cardiac cycles were obtained and the mean values were used in the analyses. The
pulsatility index (PI) in the UA was measured from the free loop of the umbilical cord and further
categorized as normal, increased (UA Pl > 2 SD), or absent/reversed end-diastolic (ARED) flow [23,
26]. The middle cerebral artery (MCA) Pl was assessed, and the cerebroplacental ratio (CPR) was
calculated as the MCA PI/UA PI [27]. Significant placental insufficiency (UA Pl > 2 SD) and
redistribution of blood flow (CPR <-2 SD) were determined according to earlier published data [28,

29].

The managing obstetrician was blinded to the study data. During 1998-2001, the indications for
delivery were 1) worsening maternal condition, 2) abnormal non-stress test in fetal heart rate

monitoring, and 3) abnormal pulsatility in the ductus venosus.

Postnatal outcomes

At birth the mode of delivery, UA blood gas values, Apgar scores, and neonatal morphometric
measurements were recorded. The cohort children attended follow-up studies at the mean age of
9.2 years (Table 1). Follow-up studies included evaluations of speech, language, and literacy skills
by a licensed speech therapist (LP). The children’s medical charts were reviewed for diagnoses and
data from questionnaires completed by the parents were collected. The questionnaires were
created specifically for this study and included sections concerning diagnoses and frequent need
for intensive preventive measures such as speech and language therapy, physiotherapy,
occupational therapy, and special education. Socioeconomic characteristics were also recorded

[30].

Assessments of communication and literacy skills

Detailed assessments of communication and literacy skills were performed at the mean age of 9.2
years (Table 1). Communication skills were assessed using the Children’s Communication
Checklist-2 (CCC-2) [31], which has been developed to identify children with speech, language, and
pragmatic language impairment, and to assist identification of children requiring further
assessment of autism spectrum disorder. A Finnish version of the CCC-2 questionnaire [32, 33] for

8-10-year-old children was utilized in the present study, and a questionnaire was completed by the



parents after brief verbal instructions were given by the researcher (LP). The General
communication composite score (GCC) was calculated by summing the CCC-2 subscales from A to
H; low scores (below 69 points according to the Finnish norms) indicated impaired communication
skills [31, 34] (Table 2). These assessments are described in full detail in our earlier publication

[20].

The assessment of reading and spelling skills included three standardized tests for Finnish-
speaking primary school-aged children: the Word Chain test [35] measured word reading skills, the
Ytte test [36] evaluated reading fluency, reading accuracy, and reading comprehension, and the
Lukilasse test [37] measured spelling. Performance below the 10t percentile of the normal
population was considered poor and performance above the 10t percentile was considered

normal. The tests used are described in detail in our earlier study [21].

In clinical practice, detailed examinations and speech and language therapy are commonly
recommended when problems in several areas of reading, spelling, and communication are
identified. In the present study, speech and language therapy was indicated if a child performed
below the 10™ percentile normal value in >50% of reading and spelling skill subtests and/or in the

presence of a compromised (< 15t percentile normal value) score in the GCC.

Statistical analyses

The data were analyzed using the SPSS 22.0 for Windows software package (SPSS Inc., Chicago, IL,
USA). The primary outcome measures were poor performance in communication skills (CCC-2),
measured by the general communication composite (GCC), poor performance (< 10™ percentile of
normal population) in literacy skills, measured by comprehensive reading and spelling skills
testing, and clinically estimated need for speech and language therapy. Demographic and
ultrasonographic variables were analyzed for association with the primary outcome measures
using logistic regression analysis. To estimate the OR in the presence of complete quasi

separation, we used the brglm package [38] in the R program, version 3.4.2 [39]. The brgim



package is based on the method for bias reduction [40] and allows estimation of the OR from

sparse data.

Categorical data were compared using Chi-square analysis and the Fisher's exact test. For
continuous variables, the Student’s t-test was used if the data were normally distributed,
otherwise the Mann-Whitney U-test was chosen. Data are present as mean (SD), median (range),
n (%), and odds ratio (95% confidence interval [CI]). A two-tailed p-value of <0.05 was selected as

the level of statistical significance.

Results

The characteristics of the FGR and AGA groups are presented in Table 1. Mothers of the FGR
children demonstrated preeclampsia more frequently. In the FGR group, 68% had UA Pl value > 2
SD, 22 % (8/37) demonstrated ARED in UA, 27% showed MCA Pl <- 2 SD), and 61% had CPR < -2 SD.
This cohort was delivered at 24-40 gestational weeks with no differences in gestational age at
delivery between the groups, neither did gestational age between the FGR subgroups (FGR UA PI >
2 SD, FGR CPR <-25D and FGR MCA Pl <-2 SD) and the AGA group differ. The FGR neonates had
lower birth weights than the AGA group as expected. Although no significant differences were
detected in UA pH values at birth between the groups, FGR children demonstrated low 5-minute
Apgar scores (< 7) more frequently than the AGA group. However, the number of severe neonatal

complications did not differ significantly between the groups.

Prior to the study assessment at the age of 8-10 years, the FGR children had received speech and
language therapy more frequently than the AGA children. This was due to poor language skills (10
children vs. 2 children) and articulation problems (12 children vs. 8 children, Table 1), respectively.
A total of 70 % of the FGR children and 97 % of the AGA children were studying in mainstream
education. One FGR child was in a special education class and nine were receiving assistance in
mainstream education, while only one AGA child required assistance in mainstream education

classes (Table 1).



Seven (19 %) FGR children performed below the 10t percentile normal values in all three literacy
subtests (Ytte test, Word Chain test, Lukilasse test). Ten (27 %) FGR children and four (13 %) AGA
children performed below the 10t percentile GCC normal value. According to a speech therapist’s
evaluation, 15 (41 %) FGR children and five (16 %) AGA children were defined as being in need of
speech and language therapy due to compromised performance in literacy skills, communication

skills, or both.

The FGR children with prenatal UA Pl values of > 2 SD performed below the 10t percentile normal
values in literacy skills significantly more often than AGA controls (Table 3). Communication skill
testing using the CCC-2 revealed no statistically significant differences between FGR and AGA
children in this cohort, but a more frequent need for speech and language therapy was detected

among FGR children with UA Pl > 2 SD compared to AGA controls (Table 3).

FGR children with significant blood redistribution (CPR < -2 SD) performed significantly more
frequently below the 10t percentile normal values in literacy skills, demonstrated significantly
poorer communication skills, and also needed speech and language therapy more frequently than
the AGA controls (Table 4). At early school age, FGR children with CPR < - 25D had significantly
smaller mean (SD) head circumference (52.0 (1.7) cm) compared to the AGA controls (53.0 (1.1)

cm, p=0.01). There were no significant weight and height differences between these subgroups.

In the presence of UA Pl > 2 SD, the odds ratios for poor literacy skills, poor communication skills,
and the need for speech and language therapy ranged between 3.9 and 11.1 (Table 5). The odds
ratio for poor literacy skills was about 41-fold among FGR children with cerebral vasodilatation
(CPR <-2 SD) compared to AGA controls, and a 4.5- 5.7 times higher risk for impaired
communication skills and a need for speech and language therapy was detected in this group

compared to AGA children (Table 5).



Discussion

In the present study, FGR children with significant placental insufficiency and blood flow
redistribution in favor of cerebral circulation demonstrated odds ratios of 4.5-41.2 for poor
performance in literacy and communication skills and a need for further speech and language
therapy. This indicates that placental insufficiency and low CPR during fetal life are associated with

a risk of language and communication problems at early school age.

In previous studies, significant placental insufficiency with absent end-diastolic umbilical artery
velocity has been associated with adverse neurocognitive outcomes in early childhood and at early
school age [13, 41, 30]. In the prospective multicenter PORTO study investigating the impact of
brain-sparing on FGR outcomes, the presence of both UA Pl > 95 percentile of normal values and
abnormal CPR increased the risk of adverse perinatal outcomes [11]. While all FGR children in our
study except one with UA Pl > 2 SD also had abnormal CPR, we are unable to ubiquitously

speculate the impact of a sole UA finding on the outcomes.

About 53% of the FGR children who demonstrated CPR <-2 SD in our study were evaluated as
needing speech and language therapy, and one third of these children also showed poor
performance in literacy skills. Fetal cerebral vasodilatation, an indicator of fetal blood flow
redistribution, seems to be associated with adverse short-term and long-term neurocognitive
outcomes in FGR children with normal and increased UA pulsatility, although this has previously
been considered as a benign adaptive mechanism [42,10,11,43,14,13]. Moreover, in neonates
born prior to 32 weeks, Figueras et al. (2011) reported an association between cerebral
vasodilation and short-term neurobehavioral outcomes as measured by the Neonatal Behavioral
Assessment Scale (NBAS), while the large randomized TRUFFLE trial detected no significant
association between fetal cerebral vasodilatation and 2-year neurodevelopmental outcomes [10,
44]. In the TRUFFLE trial, motor and perception deficits were included in the assessment of
impaired neurodevelopment, which was determined as low Bayley Scales mental development
score, estimated cognitive delay > 3 months, cerebral palsy, or severe hearing or visual
impairment [44]. The authors of the TRUFFLE study concluded that fetal cerebral vasodilatation
offered no advantages over birth weight and gestational age in the timing of delivery in FGR
pregnancies prior to 32 weeks. However, fetuses with cerebral vasodilatation (abnormal
umbilicocerebral ratio Z-score) at the time of the TRUFFLE trial entry, had a higher risk for poor 2-

year neurodevelopmental outcomes [44]. Our study cohort included FGR fetuses born at a wide



gestational age range (24-40 weeks), including 10 FGR children born prior to 32 weeks. A total of
88% of the preterm born FGR children demonstrated an abnormal CPR prenatally and 60 % of
them had problems in language and communication skills, while only 30 % of AGA children born
prior to 32 weeks showed impairment in these areas. We speculate that the differences are due to

different study populations, study designs, and follow-up times.

Over 40 % of the FGR children, who demonstrated cerebral vasodilatation (CPR <-2SD) prenatally,
presented clinically significant impairment of communicative functions in our study. Cerebral
vasodilatation, a response to fetal hypoxemia, has been associated with compromised outcomes
especially in the areas of communication and executive functions, which depend highly on frontal
brain area function [14]. It has been speculated that frontal areas may be exceptionally susceptible
even to mild hypoxia [42]. The second half of the pregnancy is essential as regards to formation of
critical neuronal connections and myelination of important tracts, and during the third trimester,
development of the cortical layers of the brain is accelerated making these parts especially
vulnerable to adverse events [45]. Moreover, reduced gray matter volumes, which correlate with
suboptimal neurodevelopment, and widespread microstructural changes in white matter have

been detected in preterm FGR infants [46-48].

The catch-up growth of FGR children during the early years may have an impact on neurocognitive
outcomes. In the large EPIPAGE study, postnatal catch-up growth did not affect neurocognitive
outcomes at 5 years of age in children born with FGR [49], but Geva et al. (2006) reported
compromised neurocognitive outcomes at 9 years of age in FGR children with poor postnatal head
growth [50]. In a recent study on FGR children with prenatal cerebral blood flow redistribution,
poor neurocognitive outcomes were associated with incomplete head circumference catch-up
growth at 6 years of age [51]. Similarly, in our study, FGR children with cerebral redistribution had
significantly smaller head circumferences compared with FGR children without cerebral

redistribution, and AGA controls.

The CCC-2 questionnaire has been demonstrated to correctly identify impairments in language

and pragmatic language use [52,34, 53]. However, although the GCC is a validated method for



identifying those children with clinically marked communication problems from the normal ones,
it doesn’t differentiate the type of problem very well [31]. In the present study, all children who
scored below the 10" percentile in GCC had low scores (< the 10™" percentile of normal values) in
more than four subscales of the CCC-2, indicating clinically significant problems in communication
skills. Problems in the development of language skills, especially pragmatic language skills, are

associated with compromised general intellectual function and behavioral problems [18].

The literacy tests used in the present study are standardized tests that measure different aspects
of reading and spelling. These skills are essential for a child to be able to obtain a sufficient level of
reading comprehension [17, 15]. Poor performance in all or most of the subtests indicates that a
child has marked difficulties in reading and writing, and without support he will most likely also
have difficulties in academic performance. Furthermore, difficulties in these areas have proved to
be very persistent, indicating that children with poor skills at early school age will most likely have
poor skills also in adolescence [54]. In previous studies concerning reading skills in preterm born
children, difficulties have been shown to increase with advancing age [55]. Despite our national
screening program, conducted prior to school entry as regards to speech and language therapy
needs and more frequent speech therapy sessions in the FGR group compared to the AGA group,
FGR children showed significant impairments in their linguistic performance. Our results, thus,
underline the importance of continuous follow-up and targeted preventive measures in the FGR

children, especially those with placental insufficiency and cerebral vasodilatation.

We recognize that the rather small sample-size is a limitation of our study. However, the children
studied belong to a well-defined population-based cohort of growth-restricted fetuses. The
children lost to follow-up/refusing to participate did not differ from the participants as regards to
pre- or perinatal factors (data not shown). Our cohort includes children born at a wide range of
gestational ages, but when FGR children were compared to their gestational age matched AGA
peers, prenatal circulatory changes have been demonstrated to be a significant risk factor for
adverse neurodevelopmental outcomes independent of gestational age [41, 30]. We feel that
long-term follow-up and a detailed linguistic and literacy assessment of FGR children in our cohort

combined with prenatal hemodynamic evaluation is a significant strength of this study, while



previously linguistic skills have been investigated mostly as a part of cognitive assessment

[56,57,51].

Conclusion

We conclude that in FGR, increased umbilical artery pulsatility and cerebral vasodilatation are
associated with poor communication and literacy skills at early school age, suggesting that these
fetal circulatory changes play a significant role in the prediction of later communication and
literacy problems. Therefore, preventive measures should be targeted in these FGR children to

support the development of their academic abilities.

Acknowledgements

We thank statistician Anna But, Biostatistics Consulting, Department of Public Health, University of

Helsinki, and Helsinki University Hospital, Helsinki, Finland for statistical consulting.

Funding

Financial support was received from the Health and Biosciences Doctoral Programme, University
of Oulu, Oulu, Finland (NK), The Alma and K.A. Snellman Foundation (NK), Instrumentarium

Foundation (NK), the Finnish Cultural Foundation (NK) and the Finnish Medical Foundation (KM).



References
1. Barker DJ. The long-term outcome of retarded fetal growth. Clinical Obstetrics & Gynecology.

1997; 40: 853-63.

2. Yanney M, Marlow N. Paediatric consequences of fetal growth restriction. Semin Fetal Neonatal

Med. 2004; 9: 411-8.

3. Soothill PW, Nicolaides KH, Bilardo CM, Campbell S. Relation of fetal hypoxia in growth

retardation to mean blood velocity in the fetal aorta. Lancet. 1986; 2: 1118-20.

4. Hecher K, Bilardo CM, Stigter RH, Ville Y, Hackeloer BJ, Kok HJ, et al. Monitoring of fetuses with

intrauterine growth restriction: A longitudinal study. Ultrasound Obstet Gynecol. 2001; 18: 564-70.

5. Baschat AA, Gembruch U, Harman CR. The sequence of changes in doppler and biophysical

parameters as severe fetal growth restriction worsens. Ultrasound Obstet Gynecol. 2001; 18: 571-

6. Ferrazzi E, Bozzo M, Rigano S, Bellotti M, Morabito A, Pardi G, et al. Temporal sequence of
abnormal doppler changes in the peripheral and central circulatory systems of the severely

growth-restricted fetus. Ultrasound Obstet Gynecol. 2002; 19: 140-6.

7. Scherjon SA, Oosting H, Smolders-DeHaas H, Zondervan HA, Kok JH. Neurodevelopmental

outcome at three years of age after fetal 'brain-sparing'. Early Hum Dev. 1998; 52: 67-79.

8. Kok JH, Prick L, Merckel E, Everhard Y, Verkerk GJ, Scherjon SA. Visual function at 11 years of age

in preterm-born children with and without fetal brain sparing. Pediatrics. 2007; 119: e1342-50.



9. Meher S, Hernandez-Andrade E, Basheer SN, Lees C. Impact of cerebral redistribution on
neurodevelopmental outcome in small for gestational age or growth restricted babies: A

systematic review. Ultrasound Obstet Gynecol. 2015; 46: 398-404.

10. Figueras F, Cruz-Martinez R, Sanz-Cortes M, Arranz A, llla M, Botet F, et al. Neurobehavioral
outcomes in preterm, growth-restricted infants with and without prenatal advanced signs of brain-

sparing. Ultrasound Obstet Gynecol. 2011; 38: 288-94.

11. Flood K, Unterscheider J, Daly S, Geary MP, Kennelly MM, McAuliffe FM, et al. The role of brain
sparing in the prediction of adverse outcomes in intrauterine growth restriction: Results of the

multicenter PORTO study. Am J Obstet Gynecol. 2014; 211: 288.e1,288.e5.

12. Maunu J, Ekholm E, Parkkola R, Palo P, Rikalainen H, Lapinleimu H, et al. Antenatal doppler
measurements and early brain injury in very low birth weight infants. J Pediatr. 2007; 150:

51,56.el.

13. Kutschera J, Tomaselli J, Urlesberger B, Maurer U, Hausler M, Gradnitzer E, et al. Absent or
reversed end-diastolic blood flow in the umbilical artery and abnormal doppler cerebroplacental
ratio--cognitive, neurological and somatic development at 3 to 6 years. Early Hum Dev. 2002; 69:

47-56.

14. Eixarch E, Meler E, Iraola A, Illa M, Crispi F, Hernandez-Andrade E, et al. Neurodevelopmental
outcome in 2-year-old infants who were small-for-gestational age term fetuses with cerebral

blood flow redistribution. Ultrasound Obstet Gynecol. 2008; 32: 894-9.



15. Papadimitriou AM, Vlachos FM. Which specific skills developing during preschool years predict
the reading performance in the first and second grade of primary school? Early Child Dev Care

2014; 184: 358-73.

16. Kim YS, Wagner RK, Lopez D. Developmental relations between reading fluency and reading
comprehension: A longitudinal study from grade 1 to grade 2. J Exp Child Psychol. 2012; 113: 93-

111.

17. Bryant P, Nunes T, Barros R. The connection between children’s knowledge and use of grapho-
phonic and morphomemic units in written text ant their learning at school. Br J Educ Psychol 2014;

84:211-25.

18. Katsos N, Bishop DV. Pragmatic tolerance: Implications for the acquisition of informativeness

and implicature. Cognition. 2011; 120: 67-81.

19. Bishop DV. Uncommon Understanding: development and disorders of language

comprehension in children. Hove, UK: Psychology Press; 1997.

20. Partanen LA, Olsen P, Makikallio K, Korklainen N, Heikkinn H, Heikkinen M, Yliherva A.
Communication profile of primary school-aged children with fetal growth restriction. Child Lang

Teach Ther 2016; 33: 81-92.

21. Partanen L, Korkalainen N, Makikallio K, Olsen P, Laukkanen-Nevala P, Yliherva A. Foetal
growth restriction is associated with poor reading and spelling skills at eight years to 10 years of

age. Acta Paediatr. 2018; 107: 79-85.

22. Pihkala J, Hakala T, Voutilainen P, Raivio K. Characteristic of recent fetal growth curves in

Finland. Duodecim. 1989; 105: 1540-6.



23. Acharya G, Wilsgaard T, Berntsen GK, Maltau JM, Kiserud T. Doppler-derived umbilical artery
absolute velocities and their relationship to fetoplacental volume blood flow: A longitudinal study.

Ultrasound Obstet Gynecol. 2005; 25: 444-53.

24. ACOG Committee on Practice Bulletins. ACOG practice bulletin no. 58. Ultrasonography in

Pregnancy. Obstet Gynecol. 2004; 104: 1449-58.

25. Makikallio K, Rasanen J, Makikallio T, Vuolteenaho O, Huhta JC. Human fetal cardiovascular
profile score and neonatal outcome in intrauterine growth restriction. Ultrasound Obstet Gynecol.

2008; 31: 48-54.

26. Giles WB, Trudinger BJ, Baird PJ. Fetal umbilical artery flow velocity waveforms and placental

resistance: Pathological correlation. Br J Obstet Gynaecol. 1985; 92: 31-8.

27. Gramellini D, Folli MC, Raboni S, Vadora E, Merialdi A. Cerebral-umbilical doppler ratio as a

predictor of adverse perinatal outcome. Obstet Gynecol. 1992; 79: 416-20.

28. Hecher K, Campbell S, Snijders R, Nicolaides K. Reference ranges for fetal venous and

atrioventricular blood flow parameters. Ultrasound Obstet Gynecol. 1994; 4: 381-90.

29. Baschat AA, Gembruch U. The cerebroplacental doppler ratio revisited. Ultrasound Obstet

Gynecol. 2003; 21: 124-7.

30. Korkalainen N, Rasanen J, Kaukola T, Kallankari H, Hallman M, Makikallio K. Fetal
hemodynamics and adverse outcome in primary school-aged children with fetal growth

restriction: A prospective longitudinal study. Acta Obstet Gynecol Scand. 2017; 96: 69-77.



31. Bishop DV. The Children's Communication Checklist. Second edition. CCC-2 Manual. London:

Pearson, Inc.; 2003.

32. Bishop DV. Children’s Communiction Checklist, second edition: CCC-2. Lasten
Kommunikaatiotaitojen kysely, toinen painos (Yliherva A, Loukusa S and Vaisanen R (Transl.).

Helsinki: Hogrefe Psykologien Kustannus Oy (Original work published in 2003); 2015.

33. Yliherva A, Loukusa S, Vaisanen R, Pyper A, Moilanen |. Development of communiction skills in
Finnish pre-school children examined by the Children’s Communication Checklist (CCC). Child Lang

Teach Ther 2009; 25: 235-49.

34. Helland WA, Biringer E, Helland T, Heimann M. The usability of a norwegian adaptation of the
children's communication checklist second edition (CCC-2) in differentiating between language

impaired and non-language impaired 6- to 12-year-olds. Scand J Psychol. 2009; 50: 287-92.

35. Nevala J, Lyytinen H. Sanaketjutesti kasikirja 1: Kayttajan opas (Word chain test manual 1:

User's guide) Jyvaskyla: Niilo Maki Instituutti Lapsitutkimuskeskus, 2000.

36. Kajamies A, Poskiparta E, Annevirta T, Dufva M, Vauras M. YTTE, luetun ja kuullun
ymmartamisen ja lukemisen arviointi (YTTE, reading and listening comprehension and reading

evaluation). Jyvaskyla: OTUK, 2003.

37. Hayrinen T, Serenius-Sirve S, Korkman M. LUKILASSE lukemisen, kirjoittamisen ja laskemisen
seulontatestisto peruskoulun ala-asteen luokille 1-6 (LUKILASSE reading, writing and mathematics

screening test for primary school grades 1-6). 1999.

38. Kosmidis | (2017). _ brglm: Bias Reduction in Binary-Response Generalized Linear Models. R

package version 0.6.1. Available from: http://www.ucl.ac.uk/~ucakiko/software.html



http://www.ucl.ac.uk/~ucakiko/software.html

39. R Core Team (2017). R: A language and environment for statistical computing. R Foundation for

Statistical Computing, Vienna, Austria. Available from: https://www.R-project.org/

40. Firth D. Bias reduction of maximum likelihood estimates. Biometrika 1997; 80: 27-38. 27.

41. Morsing E, Asard M, Ley D, Stjernqvist K, Marsal K. Cognitive function after intrauterine growth

restriction and very preterm birth. Pediatrics. 2011; 127: e874-82.

42. Cruz-Martinez R, Figueras F, Oros D, Padilla N, Meler E, Hernandez-Andrade E, et al. Cerebral
blood perfusion and neurobehavioral performance in full-term small-for-gestational-age fetuses.

Am J Obstet Gynecol. 2009; 201: 474.e1,474.€7.

43. Morales-Rosello J, Khalil A, Morlando M, Bhide A, Papageorghiou A, Thilaganathan B. Poor
neonatal acid-base status in term fetuses with low cerebroplacental ratio. Ultrasound Obstet

Gynecol. 2015; 45: 156-61.

44. Stampalija T, Arabin B, Wolf H, Bilardo CM, Lees C, TRUFFLE investigators. Is middle cerebral
artery doppler related to neonatal and 2-year infant outcome in early fetal growth restriction? Am

J Obstet Gynecol. 2017; 216: 521.e1,521.e13.

45, de Graaf-Peters VB, Hadders-Algra M. Ontogeny of the human central nervous system: What is

happening when? Early Hum Dev. 2006; 82: 257-66.

46. Tolsa CB, Zimine S, Warfield SK, Freschi M, Sancho Rossignol A, Lazeyras F, et al. Early
alteration of structural and functional brain development in premature infants born with

intrauterine growth restriction. Pediatr Res. 2004; 56: 132-8.


https://www.r-project.org/

47. Padilla N, Falcon C, Sanz-Cortes M, Figueras F, Bargallo N, Crispi F, et al. Differential effects of
intrauterine growth restriction on brain structure and development in preterm infants: A magnetic

resonance imaging study. Brain Res. 2011; 1382: 98-108.

48. Saunavaara V, Kallankari H, Parkkola R, Haataja L, Olsen P, Hallman M, et al. Very preterm
children with fetal growth restriction demonstrated altered white matter maturation at nine years

of age. Acta Paediatr. 2017; 106: 1600-7.

49. Guellec |, Lapillonne A, Marret S, Picaud JC, Mitanchez D, Charkaluk ML, et al. Effect of intra-
and extrauterine growth on long-term neurologic outcomes of very preterm infants. J Pediatr.

2016; 175:93,99.e1.

50. Geva R, Eshel R, Leitner Y, Valevski AF, Harel S. Neuropsychological outcome of children with

intrauterine growth restriction: A 9-year prospective study. Pediatrics. 2006; 118: 91-100.

51. Bellido-Gonzalez M, Diaz-Lopez MA, Lopez-Criado S, Maldonado-Lozano J. Cognitive
functioning and academic achievement in children aged 6-8 years, born at term after intrauterine

growth restriction and fetal cerebral redistribution. J Pediatr Psychol. 2017; 42: 345-54.,

52. Geurts HM, Embrechts M. Language profiles in ASD, SLI, and ADHD. J Autism Dev Disord. 2008;

38:1931-43.

53. Vadisanen R, Loukusa S, Moilanen |, Yliherva A. Language and pragmatic profile in children with
ADHD measured by Children's Communication Checklist 2" edition. Logoped Phoniatr Vocol 2014:

39:4; 179-187.

54. Landerl K, Wimmer H. Development of word reading fluency and spelling in a consistent

orthography: an 8-year follow-up. J Educ Psychol 2008; 100: 150-61.



55. Kovachy VN, Adams JN, Tamaresis JS, Feldman HM. Reading abilities in school-aged preterm

children: A review and meta-analysis. Dev Med Child Neurol. 2015; 57: 410-9.

56. Geva R, Eshel R, Leitner Y, Fattal-Valevski A, Harel S. Verbal short-term memory span in
children: Long-term modality dependent effects of intrauterine growth restriction. J Child Psychol

Psychiatry. 2008; 49: 1321-30.

57. Kallankari H, Kaukola T, Olsen P, Ojaniemi M, Hallman M. Very preterm birth and foetal growth
restriction are associated with specific cognitive deficits in children attending mainstream school.

Acta Paediatr. 2015; 104: 84-90.






