EUROPEAN JOURNAL OF PAEDIATRIC NEUROLOGY 23 (2019) 491—499

T

EUROPEAN JOURNAL OF

PAEDIATRIC

Official Journal of the European Paediatric Neurology Society

Original article

Check for
updates

Language development in children with congenital
heart disease aged 12—24 months

Solene Fourdain %", Ariane St-Denis “*, Julien Harvey °, Ala Birca *,

Lionel Carmant “¢, Anne Gallagher %, Natacha Trudeau ”“"?, on behalf
of the CINC team

& Sainte-Justine University Hospital Research Centre, University of Montreal, 3175, chemin de la Cote-Sainte-
Catherine, Montréal, QC, H3T 1C5, Canada

b Ecole d'orthophonie et d'audiologie, University of Montreal, 7077, avenue du Parc, local 3001-1, Montréal, QC, H3N
1X7, Canada

¢ Clinique d'Investigation Neuro-Cardiaque (CINC), Sainte-Justine University Hospital Centre, 3175, chemin de la
Cote-Sainte-Catherine, Montréal, QC, H3T 1C5, Canada

ARTICLE INFO

Article history:

Received 2 October 2018
Received in revised form
27 November 2018
Accepted 9 March 2019

Keywords:

Congenital heart disease
Language development
Bayley-III

MacArthur-bates communicative
development inventories

Early intervention

ABSTRACT

This longitudinal study aims to describe the trajectory of language development in children
with CHD aged 12—24 months assessed through an early monitoring and individualized
intervention program. We also sought to determine whether early language performances,
at 12 months of age, predict 24-month language abilities.

We conducted developmental assessments of 49 children with CHD using the Bayley
Scales of Infant and Toddler Developmental, third edition (Bayley-III) at 12 and 24 months,
and the MacArthur-Bates Communicative Development Inventories (MBCDI) at 12, 18 and
24 months.

Compared to normative populations, CHD patients showed significantly lower mean
scores in both receptive and expressive language scales of the Bayley-III and the MBCDI at
12 months, whereas at 18 and 24 months only expressive language scores were reduced. No
differences were found in the cognitive scale. Communicative gestures at 12 months were
significantly predictive of language skills at 24 months of age.

Our findings indicate specific vulnerability of language outcome, especially in expres-
sive skills, rather than a global cognitive impairment in our patients with CHD. We
recommend using communicative gestures as an early marker of language development to
improve our ability to detect language delays in this population.
© 2019 The Authors. Published by Elsevier Ltd on behalf of European Paediatric Neurology

Society. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Children with congenital heart disease (CHD) requiring car-
diac surgery are known to be at higher risk of neuro-
developmental delays in speech and language acquisition.’®
A large proportion of these children experience delayed
onset of language, as well as impaired pronunciation, and
require speech or language therapy."” At 15 months of age,
children with CHD obtain lower scores (on average 10 to 17
points lower) on standardized language assessments for both
expressive and receptive skills compared to healthy children,
with more significant impairments in expressive compared to
receptive skills."®™ At 21 months of age, the language
impairment rate of 15.5% largely exceed normative expecta-
tions, whereas rates of cognitive impairments remain in the
normal range (<2.27%)."" Speech and language delays seem to
persist, as the proportion of children showing abnormal lan-
guage development generally increases with age. At 24
months, more than 25% of children with CHD manifest lower
communicative skills."”>** At school-age, children with CHD
often exhibit lower phonologic awareness skills, poorer
expressive and receptive vocabulary, impaired strategies for
lexical access and difficulties in spelling and reading.*** These
impairments have been shown to be strongly associated with
behavioral problems and reduced school achievements.’”

Given the prevalence of neurodevelopmental delays in
children with CHD, the American Heart Association and the
American Academy of Pediatrics recommended systematic
developmental monitoring from the age of 9 months to
improve the early detection and the therapy offered in the
case of impairment.’® At our cardiac neurodevelopmental
clinic, our program of early surveillance and intervention
consists of extensive developmental assessments at 4, 8, 12,
18 months, and older. Additional therapy is offered, in the
form of educational support and interventional sessions,
based on the child's needs and the family concerns.

Although speech and language delays have previously
been reported in children with CHD, no longitudinal study has
investigated the earliest language abilities in this population.
Using a longitudinal design, the present study aims to
describe the trajectory of language development in children
with CHD aged 12—24 months enrolled in an early and sys-
tematic monitoring and individualized intervention program.
As language impairments are typically detected at preschool
or school age, where they may have an impact on academic
achievements, it is of utmost importance to improve our
ability to detect the earliest indices of atypical language
development. Therefore, we also sought to determine the
association between early language performances and future
language abilities, in order to refine monitoring procedures in
young children with CHD.

2. Method
2.1. Participants and procedure

We recruited 49 infants with CHD (23 females, 26 males) who
underwent cardiac surgery. All participants are patients

followed at the Clinique dInvestigation Neuro-Cardiaque (CINC)
of the Sainte-Justine University Hospital Centre. All children
had normal hearing ability as determined by hearing
screening test. We excluded patients with a genetic syndrome
known to impact neurodevelopment (e.g. trisomy 21 or 22q11
deletion spectrum) and those exposed to more than one lan-
guage at home'’ — remaining participants were exclusively
French-speaking. As part of their clinical follow-up, partici-
pants were submitted to language assessments either by
formal examination or parental questionnaires at 12, 18 and
24 months (+1 month), which correspond to the timings of our
clinical follow-ups. At 12 and 24 months, cognitive and lan-
guage development were assessed using the Bayley Scales of
Infant and Toddler Development, Third Edition (Bayley-III). At
12, 18 and 24 months of age, parents filled out the MacArthur-
Bates Communicative Development Inventories (MBCDI).'®
Our clinical protocol implies that patients performing at or
under the 10th percentile rank on all scales of the MBCDI or
equal, or under the 2nd percentile rank on one scale are
considered at high risk of language delay and are referred to
additional language assessment performed by a speech ther-
apist. The Bayley-III allows to obtain a general picture of the
child's neurodevelopment, which complements the specific
language assessment.

Perinatal (gestational age, birth weight, Apgar score at
5 min, prenatal diagnosis), surgical (cardiopulmonary bypass
time, cross clamp time), postsurgical (pediatric intensive care
unit [PICU] length stay, hospital length stay) and demographic
factors (sex and maternal education level) were collected from
medical records. Cyanotic heart defects were defined as de-
fects resulting in arterial blood desaturation from the
bypassing of deoxygenated blood into the systemic circulation
or the mixture of oxygenated and deoxygenated blood
entering the systemic circulation.”® Anatomic CHD classifi-
cation were extracted from cardiac diagnosis according to
Clancy et al. as following: Class I, two-ventricle heart without
arch obstruction; Class II, two-ventricle heart with arch
obstruction; Class III, single-ventricle heart without arch
obstruction; Class IV, single-ventricle heart with arch
obstruction.?® Surgical risk category were extracted according
to Jenkins et al.** from the description of surgical procedures.

This study was approved by the Research Ethics Board of
the Sainte-Justine University Hospital Centre, and all families
provided written informed consent for participating in the
study.

2.2 Language assessment tools

The Bayley-1II*’ is a multidisciplinary battery assessing
several developmental domains, including cognitive and lan-
guage development, in infants aged 1-42 months. The
Cognitive scale estimates sensorimotor development, objects
exploration, and concepts formation, and the Global Language
scale measures receptive skills, such as receptive vocabulary
and morphological comprehension, and expressive skills,
such as preverbal communication and morphosyntactic
development. Raw scores can be converted into standard
scores and percentile ranks for the Cognitive and the Global
Language scales, and into standard scores for the Receptive
and Expressive Language scales. Scores of 1—-2 standard
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deviations below average suggest mild delays, scores of 2—3
standard deviations below average reflect moderate delays,
and scores greater than 3 standard deviations below average
suggest severe delays.”?

The MBCDI*® are age-specific parental questionnaires
measuring communicative abilities in children aged 8-30
months. Parents are asked to identify whether their child
understands or produces various words, sentences, and
communicative gestures, and to rate the complexity of the
child's productions. The Words and Gestures inventory, inten-
ded for 8- to 16-month-old infants, is divided into four scales:
Word Comprehension, Sentence Comprehension, Word Pro-
duction, and Communicative Gestures. Intended for 16- to 30-
month-old infants, the Words and Sentences inventory is also
divided into four scales of expressive language skills: Expres-
sive Vocabulary, Sentence Complexity, Mean Length of Ut-
terance, and Grammatical Forms. For each scale, raw scores
can be converted into percentile ranks. In the present study,
we used the Quebec French adaptation which has been stan-
dardized on a normative sample of 1363 French-speaking
children."®

2.3. Statistical analyses

Descriptive statistics were used to characterize clinical, soci-
odemographic and developmental data of our patient group.
Independent sample t-tests were applied to test whether the
cognitive and language scores assessed with the Bayley-IIl and
MBCDI were similar to a normative population. Several ana-
lyses were conducted to compare cognitive and language
development and to characterize developmental trajectory of
language abilities. First, we performed two repeated measures
ANOVA on Bayley-III Global Language and Cognitive, and
Receptive and Expressive Language scores with the age (12 vs.
24 months) and the developmental sphere (cognitive vs. lan-
guage and receptive vs. expressive) as within subject factors.
We then performed repeated measures ANOVA on MBCDI
expressive vocabulary scores (Word Production at 12 months
and Expressive Vocabulary at 18 and 24 months). We only
used the expressive vocabulary scales of the MBCDI since it is
the only recurrent scale at all ages. Greenhouse-Geisser
adjustment for violation of sphericity was conducted when
necessary. Pairwise comparisons were carried out to identify
significant differences and corrections for multiple compari-
sons were performed using Bonferroni's procedure.

Pearson bivariate correlations were conducted between
demographic variables, clinical factors, 12- and 24-months
language scores. Multiple regressions were then performed
to assess the value of 12-month language performance in
predicting 24-months language skills. Language scores at 24
months were used in the regression model as dependent
variables. Clinical and demographic variables known to in-
fluence language development (i.e. birth weight and maternal
education level)> *?* and 12-months scores significantly
correlated with 24-months scores were used as independent
variables.

Assumptions needed to perform parametric tests were
verified and satisfied, and no multicollinearity were found
among the independent variables included in multiple
regression models. Significance level was set at p < 0.05.

Statistical analyses were performed using SPSS version 25.0
(IBM Corp. Armonk, NY).

3. Results
3.1 Characteristics of the patients

Participants’' demographic and clinical characteristics are re-
ported in Table 1. The most common heart defects were
transpositions of the great arteries, tetralogy of Fallot, ven-
tricular septal defect, coarctation of the aorta, and double
outlet right ventricle. There was no significant difference in
maternal education level, anatomic CHD classification, and
surgical risk category between our study group and the whole
cohort of children with CHD followed-up at the CINC, sug-
gesting that our sample is representative of the population of
children followed at the clinic.

3.2 Language outcome and trajectory between 12 and
24 months

MBCDI and Bayley-IIl scores, and percentage of infants
considered at risk of language delays are presented in Table 2.
At 12 months, our study group performed significantly lower
on both receptive and expressive scales, compared to
normative samples (Bayley-III Receptive Language: t
[143] = 3.40; p < 0.001; Bayley-IIl Expressive Language: t
[143] = 2.49; p = 0.014; MBCDI Word Production: t [104] = 2.56;
p = 0.012). They showed lower expressive language skills at 18
(MBCDI Expressive Vocabulary: t [93] = 3.; p < 0.001) and 24
months (Bayley-IIl Expressive Language: t [138] = 2.29;
p = 0.023; MBCDI Expressive Vocabulary: t [97] = 3.59; p < 0.001:
MBCDI Grammatical Form: t [93] = 3.52; p < 0.001; MBCDI
Sentence Complexity: t [96] = 3.61; p < 0.001; MBCDI Mean
Length of Utterances: t [96] = 4.19; p < 0.001), whereas no dif-
ference was found for receptive scores at 24 months. No dif-
ferences with the normative sample were found with respect
to cognitive outcomes at 12 and 24 months of age.

Results revealed that our patient group showed signifi-
cantly lower Global Language performance compared to
Cognitive scale (F [1] = 37.183, p < 0.001, p3 = 0.522) at both 12
(difference of 8 points on composite scores; p < 0.001) and 24
months (difference of 5 points on composite scores; p < 0.001).
We also found a significant interaction between age and lan-
guage sphere (F [1] = 12.718, p = 0.001, 53 = 0.256), with a sig-
nificant increase of Receptive Language performances from 12
to 24 months (p = 0.014), but no change in Expressive Lan-
guage scores. At 12 months, our study group performed
significantly lower in Receptive compared to Expressive Lan-
guage scale (p = 0.019), whereas Expressive tend to be lower to
Receptive Language scores at 24 months (p = 0.060). Finally,
we found no significant effect of age on MBCDI scores (F
[1551] = 0.791, p = 0.431, y2 = 0.030).

3.3. Prediction of 24-months language skills
We found small correlations of gestational age and birth

weight with both 12- and 24-months Bayley-III language
scores (gestational age: r = 0.324—0.364; p < 0.05; birth weight:


https://doi.org/10.1016/j.ejpn.2019.03.002
https://doi.org/10.1016/j.ejpn.2019.03.002

494

EUROPEAN JOURNAL OF PAEDIATRIC NEUROLOGY 23 (2019) 491—499

Table 1 — Participants characteristics.

n (%) Mean (SD) Range
Total 49 (100) = =
Male 26 (53) = =
Prenatal diagnosis 26 (53) = =
Gestational age at birth (weeks) 49 (100) 38.42 (2.0.7) 30.71-41.14
Birth weight (kg) 49 (100) 3.10 (0.58) 0.98—4.11
APGAR score at 5 min 47 (96) 8.79 (0.91) 6—-10
Type of cardiac lesion™
Cyanotic lesion 29 (59.2) = =
Acyanotic lesion 20 (40.8) = =
Anatomic CHD classification®
Class I 35 (71.4) = =
Class II 9 (18.4) = =
Class III 2 (4.1) = =
Class IV 3(6.1) = =
Maternal education level 45 (92) = =
High school 13 (28.9) = =
Vocational school 13 (28.9) = =
College/university 19 (42.2) = =
Primary surgery
Age at surgery (days) 49 (100) 100.9 (137.5) 3-578
Cardiopulmonary bypass time (min) 46 (94) 127.39 (94.69) 0—410
Cross clamp time (min) 46 (94) 79.80 (52.59) 0—200
PICU length stay (days) 49 (100) 11.43 (14.96) 1-77
Hospital length stay (days) 49 (100) 26.71 (35.96) 4234
Second surgery required 4(8.2) = =
Surgical risk categories”
Category 2 24 (48.9) = =
Category 3 17 (34.7) = =
Category 4 6 (12.3) = =
Category 6 2 (4.1) = =
Developmental follow-up
Age at 12-month assessment (months) 45 (91.8) 12.27 (0.42) 11.31-13.48
Age at 12-month questionnaire (months) 34 (69.4) 11.99 (0.55) 10.32—13.48
Age at 18-month questionnaire (months) 41 (82) 17.97 (0.88) 17.00—21.83
Age at 24-month assessment (months) 41 (83.7) 24.64 (0.60) 23.83—26.40
Age at 24-month questionnaire (months) 46 (93.8) 23.96 (0.62) 21.66—25.44

SD, standard deviation; n, number of participants; CHD, congenital heart disease; PICU, pediatric intensive care unit.

r = 0.295-0.353; p < 0.05). MBCDI Communicative Gesture 4.1.
scores at 12 months were significantly correlated with all

Language outcome and trajectory

MBCDI and Bayley-III scores at 24 months (r = 0.462—0.628; all
p < 0.01). MBCDI Sentence Comprehension performances at 12
months were also significantly associated with several lan-
guage scores at 24 months (r = 0.0385—0.467; p < 0.05). Details
of correlations are presented in Table 3. Overall, regression
analyses confirmed these findings wherein communicative
gestures at 12 months of age was a strong predictor of both
receptive and expressive language skills at 24 months. We
found no predictive effect of birth weight and maternal edu-
cation on 24-month language abilities. Regression analyses
results are detailed in Table 4.

4, Discussion

This study aimed to characterize language development of
children with CHD between 12 and 24 months who partici-
pated in an early and systematic monitoring and intervention
program of the cardiac neurodevelopmental clinic at the
Sainte-Justine University Hospital Centre.

The standardized language assessments and parental reports
evaluations revealed reduced language skills in our patient
group compared to normative data in both receptive and
expressive domains — although remaining within the average
—, whereas no differences were found with respect to intel-
lectual outcome. Furthermore, our study group exhibited
lower language performances compared to their intellectual
functioning, with the average language composite scores of 9
and 8 points below the cognitive scores at 12 and 24 months,
respectively. Our data are in accordance with the previous
reports of a dissociation between the intellectual and lan-
guage outcome at 21 months of age, with CHD children
showing on average language composite scores of 5 points
below the cognitive scores of the Bayley-IIL."* At this age, the
rate of cognitive impairments remains within the normative
expectation whereas the rate of language impairments is
seven times higher."" Thus, in agreement with previously
documented observations, our findings do not suggest a global
developmental delay in children with CHD, but rather a spe-
cific vulnerability for language development. Although our
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Table 2 — Mean standard scores, mean and median percentile ranks, number and percentage of participants performing 1

and 2 SD below average at each time-point.

Mean SS (SD) Mean PR (SD) Median PR n < —1SD (%) n < —2 SD (%)
12 months
Bayley-III Cog 98.90 (9.65) 48.00 (18.88) 50.00 2 (4.88) 1 (2.44)
Bayley-III GL 90.36 (15.52) 33.24 (21.34) 34.00 8 (17.78) 3 (6.67)
Bayley-III RL 8.36 (1.81) 31.36 (20.52) 38.00 13 (28.89) 0 (0.00)
Bayley-1II EL 8.73 (2.43) 35.64 (27.49) 38.00 8 (17.78) 2 (4.88)
MBCDI WP - 32.80 (26.88) 25.00 14 (42.42) 0 (0.00)
MBCDI CG - 40.34 (33.83) 28.00 11 (37.50) 4 (12.50)
MBCDI SCompr = 40.44 (29.97) 39.00 8 (25.00) 5 (15.62)
MBCDI RV - 37.50 (32.39) 28.50 13 (38.23) 4 (11.76)
18 months
MBCDI EV = 27.41 (25.58) 20.00 20 (48.78) 2 (4.88)
MBCDI GF = 37.65 (28.08) 22.00 1 (3.85) 0 (0.00)
MBCDI MLU = 38.91 (25.30) 24.00 8 (19.51) 1 (2.44)
MBCDI SCompl - 41.47 (16.33) 38.00 0 (0.00) 0 (0.00)
24 months
Bayley-III Cog 99.65 (12.22) 49.02 (25.03) 50.00 7 (15.91) 1(2.27)
Bayley-III GL 94.65 (13.60) 37.97 (24.24) 34.00 6 (17.64) 1(2.94)
Bayley-III RL 9.35 (2.57) 42,63 (29.10) 38.00 8 (20.00) 1(2.5)
Bayley-1II EL 8.78 (2.49) 36.12 (28.17) 38.00 13 (32.5) 1(2.5)
MBCDI EV = 27.08 (28.44) 14.00 23 (51.11) 6 (13.33)
MBCDI GF = 26.37 (30.22) 8.00 23 (56.10) 7 (17.07)
MBCDI MLU = 25.32 (21.34) 20.00 17 (38.66) 1(2.27)
MBCDI SCompl - 28.27 (23.09) 19.25 21 (46.73) 0 (0.00)

SS, standard scores; PR, percentile ranks; SD, standard deviation; n, number of participants; Cog, Cognitive; GL, Global Language; RL, Receptive
Language; EL, Expressive Language; WP, Word Production; CG, Communicative Gestures; SCompr, Sentence Comprehension; RV, Receptive
Vocabulary; EV, Expressive Vocabulary; GF, Grammatical Form; MLU, Mean Length of Utterance; SCompl, Sentence Complexity.

results concur with the observations that children with CHD
are at higher risk of neurodevelopmental delays of language
functioning,' >?>%° this is the first study to document such a
discrepancy between language and intellectual functioning as
early as 12 months of age.

Neurodevelopmental disorders in CHD were shown to arise
from a complex interaction between the genetic, environ-
mental risk factors and brain alterations occurring both before
and after birth.”” In recent years, a growing literature has
identified a high prevalence of delayed brain development and
white matter injury in fetuses and infants with CHD?* *? —
remarkably similar to those observed in preterm infants.
For example, Clouchoux and associates revealed, during the
mid-to-late gestation in CHD fetuses compared to controls, a
delayed sulcation of the anterior ascendant ramus,*” typically

33,34

located within the speech production areas, as well as a more
shallow posterior regions of the superior temporal sulcus, the
latter being involved in speech comprehension. Interestingly,
the delayed structural and microstructural brain development
was associated with an impaired brain functioning in neo-
nates and adolescents with CHD.>* 38 Hence, we believe that
the delayed development in both the frontal and temporal
cortical areas, starting in utero, combined with pre- and post-
natal white matter alterations, may lead to specific language
impairments. It would be interesting to further investigate the
patterns and value of early connectivity alterations in pre-
dicting language and cognitive impairments in infants and
children with CHD.

Our patient group showed lower expressive compared to
receptive language skills at 24 months of age. This is in line

Table 3 — Pearson bivariate correlation matrix between language scores.

12-months scores

24-months scores

MBCDI EV  MBCDI GF

MBCDI MLU MBCDI SCompl

Bayley-IIl GL  Bayley-Ill RL  Bayley-III EL

MBCDI SCompr T 0.422° 0.385% 0.467°
MBCDI RV r 0.226 0.108 0.412°
Bayley-III RL r 0.267 0.249 0.346°
MBCDI EV r 0.272 0.447° 0.419°
Bayley-III EL r 0.317% 0.429% 0.463%
MBCDI CG r 0.547° 0.487° 0.628"

0.434% 0.382 0.389 0.329
0.303 0.309 0.284 0.297
0.272 0.458° 0.386% 0.464°
0.294 0.266 0.198 0.305
0.421% 0.529% 0.378% 0.605%
0.524° 0.539° 0.550° 0.462%

SCompr, Sentence Comprehension; RV, Receptive Vocabulary; EV, Expressive Vocabulary; EL Expressive Language; CG, Communicative Ges-
tures; GF, Grammatical Form; MLU, Mean Length of Utterance; SCompl, Sentence Complexity; GL, Global Language; RL, Receptive Language.

a p < 0.05.
® p <0.01
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Table 4 — Results of multiple regression analyses between 12- and 24-months language scores.

Regression models

24-months scores

MBCDI EV MBCDI GF MBCDI MLU MBCDI SCompl Bayley-III EL Bayley-III RL
1. Birth weight B 0.151 0.130 0.064 0.222 0.043 —0.046
Maternal education B 0.025 —0.002 -0.019 0.028 0.151 —0.007
MBCDI CG B 0.529* 0.479° 0.617° 0.473% 0.507% 0.680°
R? 0.256 0.139 0.311 0.231 0.232 0.352
2. Birth weight B 0.215 0.159 0.080 0.223 0.105 0.043
Maternal education B 0.174 0.177 0.201 0.196 0.386 0.304
MBCDI SCompr B 0.365 0.368 0.470° 0.403* 0.314 0.378
R? 0.138 0.066 0.192 0.195 0.099 0.074
3. Birth weight B 0.220 0.092 0.151 0.274 0.013 0.024
Maternal education B 0.221 0.109 0.203 0.205 0.329 0.249
MBCDI EV B 0.273 0.491* 0.413% 0.287 0.512* 0.292
R? 0.078 0.177 0.153 0.110 0.278 0.013
4. Birth weight B 0.200 0.245 0.025 0.273 0.168 0.024
Maternal education B 0.144 0.065 0.128 0.151 0.254 0.069
Bayley-III RL B 0.173 0.191 0.344 0.166 0.446° 0.334
R? 0.035 0.007 0.076 0.077 0.235 0.028
5. Birth weight B 0.209 0.249 0.031 0.256 0.115 0.013
Maternal education B 0.129 0.021 0.083 0.105 0.237 0.062
Bayley-III EL B 0.148 0.323 0.347 0.249 0.512° 0.258
R? 0.026 0.079 0.071 0.107 0.294 —0.023

SCompr, Sentence Comprehension; EV, Expressive Vocabulary; CG, Communicative Gestures; GF, Grammatical Form; MLU, Mean Length of
Utterance; SCompl, Sentence Complexity; RL, Receptive Language; EL, Expressive Language.

2 p <0.05.
b p<0.01.

with what was documented by Hallioglu and colleagues (2015)
at 15 months'® and by Acton and colleagues (2001) at 21
months."" Expressive language skills, further than receptive,
are thus at particular risk in children with CHD. These im-
pairments were shown to persist, particularly in pragmatics,
which represents interactive language skills. Indeed, children
with CHD aged 4 and 8 years old produce less symbolic talk
during playtime and fewer narrative components compared
to typically developing children.®*%°

Although we found no significant effect of age on MBCDI
Expressive Vocabulary scores, our study group seemed to
exhibit decreasing performances on all MBCDI scales at 24
months, as illustrated by low average means and median
scores, and slightly higher proportions of children performing
under the clinical cut-offs at this age. Results also revealed
increasing Bayley-III Receptive Language performances,
despite no change in Expressive Language scores from 12 to 24
months of age. Altogether, these observations arise questions
regarding the developmental trajectory of language impair-
ments. Indeed, literature on neurodevelopment of children
with CHD suggest that subtle or mild delays may increase with
age®*! and difficulties may accelerate with environmental
demands. While children may exhibit a nearly normal
acquisition of early language milestones, difficulties may
emerge later during development, which could lead to
persistent impairments. For instance, it has been reported
that a late word combination was a stronger risk factor of
language disorder than a late onset of word production.*?
Hence, development of language skills in children with CHD
should be monitored to identify whether language delay pro-
gresses into a language disorder or whether children will
catch up with their same-age peers.

Whereas the current data do not allow us to assess the
effect of our early and systematic surveillance and individu-
alized intervention program, neurodevelopmental trajectory
of our patient group may have been influenced by in-
terventions.”® Although all children benefited from indirect
intervention through educational support and recommenda-
tions of activities and exercises to parents, a few of them
received additional care regarding language development.
While we observed similar language performances compared
to studies using Bayley-III during the first two years of life in
children with CHD,'®*" our study group exhibit higher intel-
lectual functioning. This discrepancy may reflect the benefi-
cial effect of early and systematic multidisciplinary
surveillance in this population. On the other hand, we could
not exclude that the most severe cardiac lesions such as
univentricular heart defects may be underrepresented in our
patient group, leading to a potential overestimation of intel-
lectual functioning. Further investigation is still needed to
characterize language development in larger samples and
investigate the potential benefits of our early surveillance and
individualized intervention program.

4.2. Prediction of 24-months language skills

We also aimed at determining the association between 12-
and 24-month language abilities, and clinical and de-
mographic factors. We found no predictive effect of birth
weight and maternal education, but we showed that
communicative gestures at 12 months is a strong predictor of
both receptive and expressive language skills at 24 months.
Communicative gestures refer to the non-verbal behaviors
being used for the purpose of intentional communication.
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They usually emerge between 7 and 12 months in typically
developinginfants and represent a way to interact with others
and communicate information before infants are able to
speak. For example, at 12 months, we expect infants to be able
to reach out to give an object, holding arms out to be picked
up, or participate in game routines such as peek-a-boo or
patty-cake.'® Several studies conducted in typically devel-
oping or very preterm children revealed that gesture in-
ventory appears to be an important predictor of later
expressive vocabulary and overall language abilities.** *® In
infants with CHD, we observe a late onset of these behaviors
as well as reduced inventory and frequency of gestures, that
probably reflect the specific vulnerability of language devel-
opment. On the other hand, it is not to be excluded that the
prevalent motor delays observed in infants with CHD may
affect the emergence of communicative gestures, as demon-
strated in infants at risk of developmental disorder.*’**® It
would be interesting to investigate in future studies the spe-
cific association between motor development and emergence
of communicative gestures in infants with CHD.

Regarding the clinical practice, our findings raise the
question of which criteria should be used to recommend
further language assessment. Despite good psychometric
properties of the MBCDI,'® the way each scale represents best
the child's global language development may change across
ages due to developmental variability. The Expressive Vo-
cabulary scale at 12 months, and the Sentence Complexity
and the Grammatical Forms scales at 18 months may be less
representative of the child's global language skills since at this
age these abilities initiate their development. This variability
should thus be considered in the interpretation of language
performances and clinicians should give prominence to the
most representative scales for age (i.e. gesture at 12 months
and expressive vocabulary at 18 months). As a consequence of
these implications and our findings, criteria at our cardiac
neurodevelopmental clinic have been revised to place greater
emphasis on communicative gesture. Children performing
below the 10th percentile rank on the MBCDI Communicative
Gestures scale were thereby considered at high risk of lan-
guage delay and were subsequently referred to language
assessment with a speech therapist. In this regard, clue
analysis of the progress of these interventions will be reported
in later publications.

4.3. Limitations of the current research

As participants have different language profiles, they did not
have access to the same intervention modality or frequency of
interventions which could have influenced the language tra-
jectory of our patient group. Furthermore, as developmental
assessments were performed in a clinical context, some
children may have missed assessments at some time points,
which accounts in part for the missing data and may lead to a
small sample size. Nevertheless, this study allows to charac-
terize early language development in our patient group and
brings very interesting thoughts to refine our strategies of
early detection of language delays. In addition, specific limits
exist regarding the Bayley-III Language scale. The protocol is
not validated in French, which could complicate the admin-
istration of language concepts that do not have French-

equivalents (e.g. verbs ending in —ing). However, this does
not concern any item at 12 months and at most 5 items of the
receptive scale and 4 items of the expressive scale at 24
months. Aware of this limitation, at our cardiac neuro-
developmental clinic we decided to systematically administer
these items according to the French version of the Preschool
Language Scale, 4th Edition,* from which the Bayley-III lan-
guage items were inspired,”” insuring reliable within- and
between-individuals comparisons. In addition, the Bayley-III
is less sensitive to measure language content since higher
scores are acquired as soon as a few words are listed. This has
already been described in children with CHD where the
Bayley-III tends to overestimate the child's abilities, leading to
a potential under-identification of developmental delays.'"?
However, we believe that combining different tools (i.e.
formal assessment and questionnaires) and several sources of
information (i.e. clinician and parents) is a strength of the
study and it heightens reliable results and increases the
sensitivity and the specificity of the developmental
assessments.

5. Conclusions

In summary, our study revealed lower language performance
compared to normative populations in our patient group of
infants with CHD aged 12—24 months, in both the receptive
and expressive domains. Furthermore, the impairment
preferentially affects expressive skills. Therefore, language
development in this population requires close follow-up to
ensure that mild delays do not progress into significant
troubles with growing environmental demands, and that
language skills catch up those of typically developing chil-
dren. Accordingly, we intend to follow our cohort to assess
increasingly complex language skills such as pragmatics,
phonological awareness, lexical access, and narration, as
well as the potential impact of these complex skills on aca-
demic achievements. As documented in typically developing
children, our results also highlight communicative gesture at
12 months of age as an early predictive marker of both
receptive and expressive skills at 24 months. Hence, we
advocate for closer surveillance of communicative gestures
to more efficiently identify young children at high risk of
language delay.
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