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Abstract 

Background  Motor development delay is the first neurodevelopmental impairment that becomes apparent 
in infants with congenital heart disease (CHD). Early interventions have addressed high-risk groups like infants born 
preterm, but little is known about interventions to improve motor outcome in CHD infants at risk of motor delay. The 
purpose of this review was to systematically review the literature on type and effect of motor intervention applied 
during the first year of life in infants with CHD following open-heart surgery.

Methods  Scoping searches were performed in May 2020 and April 2023 via MEDLINE, Embase, CINAHL, Cochrane, 
PsycINFO, PEDro, and Scopus. The review included studies published in English from 2015 to 2022. Primary outcome 
was infants’ motor development measured by standardized and non-standardized motor assessments, and if avail-
able, infants’ language and cognitive development, and any parental quality-of-life assessments as secondary out-
comes. The studies’ quality was evaluated with a modified Newcastle-Ottawa scale.

Results  Four papers with low to high methodological quality met inclusion criteria. All studies investigated the influ-
ence of early physiotherapy. Four studies involved parents, and three studies used standardized tools to assess motor 
outcomes. No conclusion can be drawn about any positive effect of early motor interventions.

Conclusions  Early motor intervention in CHD infants may improve motor development; however, the few existing 
studies do not provide clear evidence. Thus, more prospective early intervention studies are needed.

Trial registration  PROSPERO CRD42020200981.

Keywords  Congenital heart disease, Open-heart surgery, Infant, Child, Early motor intervention, Motor outcome, 
Exercise, Physiotherapy, Parental involvement and consulting

Background
Congenital heart disease (CHD) is one of the most com-
mon congenital malformations; it occurs in approxi-
mately 10 of 1000 liveborn children worldwide and 
affects millions of newborns [1, 2]. CHD comprises a 
range of congenital heart defects and is defined as a 
gross structural abnormality of the heart or intrathoracic 
great vessels that is actually or possibly of functional sig-
nificance [3]. Advances in prenatal diagnosis, medical 
care, and surgical interventions have increased survival 
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rates dramatically to a current rate of around 90%, even 
for the most severe forms [4]. As survival rates have 
increased, the research focus has shifted to examining 
potential neurodevelopmental sequelae. Complex CHD 
may be associated with an increased risk of abnormal 
brain development, perioperative brain injury, and con-
sequently neurodevelopmental impairments [5]. Motor 
development delay is the first domain in which congenital 
heart disease (CHD) becomes apparent as delayed acqui-
sition of milestones associated with generalized muscular 
hypotonia [6, 7].

Despite the knowledge that infants with CHD after 
open-heart surgery are at high risk of neurodevelop-
mental delay, children with CHD receive fewer therapies 
than preterm children. This suggests a lack of awareness 
regarding the challenges infants with CHD are facing [8]. 
In preterm infants, a population known to be at high risk 
for neurodevelopmental delay like cerebral palsy (CP) 
however, early motor interventions have been well inves-
tigated. Reviews state that early interventions for preterm 
infants [9] and infants at risk of CP have a positive influ-
ence on motor and cognitive outcomes during infancy 
[10]. The heterogeneity of studies investigating these 
programs limits the conclusion about their effectiveness. 
Nonetheless, literature states that for early intervention 
to be effective, it should include the following compo-
nents: start early; be intense, active, and tailored for each 
individual; should be fun and goal directed; and actively 
involve the baby and its family [11–13].

Although a substantial number of studies have inves-
tigated neuromotor outcomes in children with CHD, 
little is known about studies aiming to improve neuro-
motor developmental outcomes for infants with CHD 
after open-heart surgery. Bolduc et  al. [14] highlight 
in their systematic review that patients with CHD have 
an increased risk of motor impairments across infancy, 
childhood, and adolescence. Liamlahi et al. [15] reported 
that children with CHD perform more poorly in all 
motor domains at school age than their healthy controls. 
Likewise, adolescents showed significantly more motor 
problems in fine and gross motor functions than their 
controls after open-heart surgery in early childhood [16]. 
In addition, caregivers, teachers, and medical profession-
als may be concerned about the underlying cardiac con-
dition [17] and thus may overprotect CHD children and 
restrict them from physical activities. Furthermore, we 
have demonstrated that parents’ burdens and needs play 
a crucial role in promoting their infants’ motor develop-
ment [18].

These findings were the rationale for a systematic lit-
erature review regarding early motor interventions for 
infants with CHD who have undergone open-heart sur-
gery. Thus, this systematic review aims to summarize the 

existing literature on motor interventions for infants with 
CHD after open-heart surgery and investigate the effects 
of early motor interventions on these children’s neuro-
motor development.

Methods
The methods of this systematic review were predefined 
and summarized in a systematic review protocol adher-
ing to the PRISMA-P guideline [19]. The protocol was 
registered in the International Prospective Register of 
Systematic Reviews (PROSPERO) on 07.11.2020 (reg-
istration number CRD42020200981) and amended on 
02.11.2021.

Eligibility criteria
Population
Infants with all types of CHD, with or without syndromal 
or genetic abnormalities, and a mean age of less than 12 
months at initiation of the intervention were included in 
this review (Table  1). Prematurity was not an exclusion 
criterion. To ensure comparability, all infants with CHD 
had to have had open-heart surgery.

Types of interventions
Studies were included in this systematic review if they 
investigated motor interventions that aim to promote 
infants’ motor development and motor developmental 
outcome measures, such as physiotherapy, physical ther-
apy, occupational therapy, exercise, movement therapy, 
motor therapy, and rehabilitation. Interventions could be 
performed at hospitals, outpatient settings, or at home.

This review excluded trials focusing on interventions 
such as surgeries and the use of new drugs.

Study designs
Original peer-reviewed studies with quantitative design, 
like RCTs and cohort studies, were included (Table  1). 
We excluded reviews, research protocols, ongoing stud-
ies, case studies, opinions, and comments as this would 
not allow us to report on the influence of motor interven-
tions on motor outcome.

Outcome measures
Infants’ motor development was our primary outcome 
including standardized and non-standardized motor 
assessment tools. Motor assessments are considered as 
standardized if their psychometric properties are reliable 
and valid, and normative data are available. Assessments 
with unknown psychometric properties are considered as 
not standardized. The motor composite score of the Bay-
ley Scales of Infant and Toddler Development (BSID III) 
[20] including both fine and gross motor skills, and the 
Alberta Infant Motor Score (AIMS) [21], is widely used 
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standardized assessments in infants with CHD. Assess-
ments with unknown psychometric properties are con-
sidered as not standardized.

Secondary outcomes included, if reported, children’s 
language and cognitive development assessments like the 
BSID III composite score for language and cognition and 
parents’ quality of life like the SF36 [22] or Parental Stress 
Index [23]. We included motor interventions that started 
in infants’ first year of life regardless of their follow-up 
time.

Search strategy and screening
The following electronic databases were searched: MED-
LINE, Embase, CINAHL, Cochrane, PsycINFO, PEDro, 
and Scopus. M. G.-P., a librarian of the University Zurich, 
developed the search strategy and conducted the search 
using subject headings (MeSH, EMTREE, and PsycIN-
DEX thesaurus) and free-text words related to CHD 
and early motor intervention, physiotherapy, physical 
therapy, occupational therapy, exercise, kinesiotherapy, 
support, movement therapy, motor therapy, neurode-
velopment, treatment outcome, motor outcome assess-
ment, psychomotor disorder, and neurologic disorder. 
The initial literature search was conducted in May 2020 
and included studies from 2015 to 2020. Additionally, we 
searched reference lists of reviews for relevant literature 
we could include in February 2021. An updated search 
was conducted in April 2023 including studies published 
in 2020–2023. The search protocols are included as Sup-
plemental materials 1 and 2. Studies were only included if 
the full text was available in English or German.

R. K. and E. M. screened titles and abstracts inde-
pendently first using the program Covidence [24]. R. K. 
retrieved full texts for eligibility. R. K. and E. M. read 
and assessed eligible articles. Remaining uncertainties 
of studies to be considered for the review were discussed 

with B. L. Reviewers were not blinded to studies’ authors 
or authors’ affiliations during the study selection process.

Data extraction
Study characteristics were extracted by RK and included 
the following parameters: authors’ name, year of publica-
tion, study design, country of origin, participants, sur-
gery, duration of cardiopulmonary bypass and intensive 
care unit (ICU), length of hospital stay, infants’ mean 
age, type, frequency, duration and period of intervention, 
motor outcome measures, infants’ age at the outcome, 
other outcomes, and parents’ quality of life. We were 
unable to conduct a meta-analysis as included studies did 
not provide enough information to evaluate effectiveness. 
Thus, our systematic review is descriptive.

Quality assessment
The quality of the studies was evaluated with a modified 
checklist, which was based on the Newcastle-Ottawa 
scale for the quality of cohort studies (http://​www.​ohri.​
ca/​progr​ams/​clini​cal_​epide​miolo​gy/​oxford.​asp, accessed 
August 2021). We adapted the scale so that “ascertain-
ment of exposure” was interpreted as “ascertainment of 
intervention.” The Newcastle-Ottawa allows transpar-
ent rating of the bias in each of the domains assessed. 
The bias assessment was performed by three independ-
ent researchers (R. K., E. M., B. L.). We rated all included 
studies with this assessment to ensure comparability. 
Studies were not weighted or excluded based on the bias 
assessment, but its results were considered in the overall 
discussion.

Results
Selection of studies
The initial search 2020 identified a total number of 358 
studies after removing five duplications. After title and 

Table 1  Eligibility criteria

Inclusion criteria Exclusion criteria

Age Patients with a mean age younger or equal to 1 year at initia-
tion of the intervention

Patients with a mean age older than 1 year at study enrolment

CHD Any congenital heart disease
Open-heart surgery
Including genetic defects and syndromes

Intervention Any type of intervention aiming to improve motor develop-
mental outcome

Interventions such as surgeries and the use of new drugs

Primary outcome Motor development outcomes using standardized and non-
standardized assessments

Secondary outcomes Language and cognitive development, parental quality-of-life 
outcomes if available

Study design Peer-reviewed quantitative research studies like RCTs 
and cohort studies

Reviews, research protocols, ongoing studies, case studies, 
opinions, and comments

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
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abstract screening, 38 full-text articles remained, and 35 
articles were excluded by the predefined exclusion crite-
ria. Three studies met the inclusion criteria. The update 
search 2023 identified a total number of 155 studies 
after removing two duplications. After title and abstract 
screening, 15 full-text articles remained, and 14 articles 
were excluded by the predefined exclusion criteria. One 
article met the inclusion criteria. Finally, four articles 
were approved for the systematic review by all authors 
(Fig. 1).

Study characteristics and quality assessment
Included studies measured motor outcomes in 135 
patients in total. All studies were observations of varying 
qualities prohibiting a meta-analysis. The characteristics 
and quality assessment of the studies included are sum-
marized in Table 2. The four studies comprised one RCT 

[25], two retrospective controlled cohort studies [26, 27], 
and one cohort study [28]. The RCT had a level of evi-
dence of II, the controlled cohort studies a level of III and 
IV, and the cohort study a level of IV.

Fourdain et  al. [26] and Haseba et  al. [28] evaluated 
existing physiotherapy intervention programs and exam-
ined factors determining better outcome. Uzark et  al. 
[25] and Long et  al. [27] prospectively examined new 
physical programs. However, the study of Long et al. [27] 
was stopped due to difficulties in recruitment. Group 
sizes varied from 6 to 51 children. Three studies [25–27] 
excluded infants born prematurely. All studies were writ-
ten in English and published between 2015 and 2022.

The studies
Uzark et al. [25] evaluated the feasibility and efficacy of 
a “tummy time” intervention to improve motor skills in 

Fig. 1  PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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infants after cardiac surgery in the US. They included 64 
infants < 4 months of age and who were ≥ 24 h intubated 
after surgery. Infants with central nervous abnormalities 
and < 36 weeks’ gestation prior surgery were excluded. 
The study lasted for 3 months, and infants were ran-
domly assigned into three groups. Parents of the “inpa-
tient intervention group” (n = 20), and bedside staff, 
received tummy time recommendations and instructions 
of prone positioning at hospital. Prior discharge, parents 
were instructed to practice tummy time 3× 5 min daily 
and advance daily prone duration. Parents of the “inpa-
tient plus outpatient intervention group” (n = 21) addi-
tionally received outpatient telephone calls to support 
families performing tummy time by a psychologist. Par-
ents of the “control group/standard of care group” (n = 
23) only received a brochure describing the importance 
of tummy time during play. Infants’ motor development 
was assessed using the AIMS, prior and at follow-up 3 
months after discharge. Parents of all groups were con-
tacted at 1, 4, and 8 weeks after discharge to assess daily 
tummy time and time spent in different positions. Forty-
nine infants returned for follow-up. Results showed no 
difference between groups regarding reported tummy 
time. However, infants spending > 15 min daily on their 
tummy had a significantly greater improvement in AIMS 
scores than those spending < 15 min, and infants of both 
intervention groups showed a trend towards greater 
change in AIMS scores compared to infants of the con-
trol group.

Strengths of this study were its prospective RCT design 
with defined inclusion and exclusion criteria and the 
AIMS as a standardized motor outcome at baseline and 
follow-up. The trial’s analysis and results were reported 
in detail. Limitations are the unspecific description of the 
randomization process, missing details about blinding, 
and the reduced sample size at follow-up that limit gen-
eralization from the results.

Fourdain et  al. [26] included 29 infants with CHD in 
their retrospective cohort study in Canada between 2013 
and 2016. They aimed to relate developmental trajecto-
ries of gross motor skills to the number of physiotherapy 
sessions. They divided infants into three groups accord-
ing to their motor performance at the age of 4 months: 
a no-intervention group (control group with n = 6) per-
forming equal to or above the 10th percentile rank on 
the AIMS. The other two groups, an occasional (n = 
13) and a regular intervention group (n = 10), included 
infants performing below the 10th percentile rank on the 
AIMS. The intervention started at 4 months and ended 
at 8 months of age. The occasional intervention group 
received 1–2 physiotherapy sessions. The regular inter-
vention group received 3–6 sessions at the neurocardiac 
clinic and continued in an outside setting thereafter. 

The frequency of therapy sessions was decided by clini-
cal judgment, AIMS scores, and the presence of atypical 
muscle tone. Both intervention groups received the same 
type of intervention, with one session lasting 60 min. 
These always included a parental coaching session and 
parental guidance in observing and correcting postural 
and/or functional compensations. Additionally, physi-
otherapy included strengthening and functional activity-
based exercises with functional goals. The AIMS was 
assessed at baseline 4 months of age, and the BSID-III 
were used in follow-ups at 12 and 24 months of age. The 
B-III scores of neither the no-intervention nor the occa-
sional intervention groups changed significantly between 
12 and 24 months. Infants with motor delay at 4 months 
of age showed improvements in their gross motor scores 
between 12 and 24 months of age after regular physical 
therapy. However, their performance did not differ from 
that of the no-intervention group at 24 months. The pos-
sibilities cannot be excluded that this improvement was 
due to normal development or spontaneous recovery 
after surgery.

Strengths of this study were its clearly defined inclusion 
and exclusion criteria, its control group, standardized 
motor outcome, and the follow-ups at 12 and 24 months 
of age. Limitations were the retrospective design and 
the lack of information about the frequency of physical 
therapy provided at the regional pediatric centers. The 
sample size of the study limits generalization from the 
results.

Haseba et  al. [28] evaluated the influence of early 
postoperative physiotherapy on gross motor outcome 
in patients with CHD in their retrospective cohort 
study without a control group. They recruited 51 
infants with CHD in Japan between 2013 and 2015. 
Two subgroups of infants between 3 months and 3 
years of age were formed: 25 with cyanotic CHD and 
26 with acyanotic CHD. The intervention started in the 
hospital at an average of 5 days after cardiac surgery 
and lasted an average of 18 days. All patients showed 
decreased gross motor ability after surgery. Children 
received physiotherapy 1–3 times a day, 20–60 min 
each, and 5–6 days per week. The treatment consisted 
of respiratory exercises to prevent respiratory com-
plications and exercises to improve gross motor abili-
ties. A nine-grade program of exercises was conducted 
according to the children’s activity levels. Exercises 
ranged from passive or active assistive movements to 
exercises that promoted children’s activity in supine, 
prone, sitting, standing, and walking with or without 
support. Haseba et  al. [28] developed a nine-grade 
mobility assessment scale to evaluate children’s motor 
outcome at three time points: preoperative, at physi-
otherapy initiation, and before discharge. At discharge, 
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88% of the recruited cyanotic CHD patients and 96.2% 
of the acyanotic CHD patients had improved their pre-
operative mobility grade. The cyanotic group had sig-
nificantly longer recovery periods compared than the 
acyanotic group. These authors suggested that initiat-
ing intervention soon after surgery reduces the dura-
tion of ICU, hospital stay, and mechanical ventilation.

Strengths of this study included the relatively large 
number of study participants and the blinding of the 
assessors. Researchers used strict inclusion and exclu-
sion criteria and reported their intervention program 
comprehensibly and their analysis and results in detail. 
Weaknesses are the lack of a control group and the use 
of a nine-grade assessment scale that is not a standard-
ized or validated outcome tool. No information was 
provided on how to perform and rate this scale.

Long et  al. [27] described the challenges of try-
ing to implement an early intervention program 
for infants with CHD in Australia. They aimed to 
recruit CHD infants and match them with histori-
cal controls. The intervention started at 3 months 
of age and aimed to correct musculoskeletal impair-
ments and gross motor delay and provide individu-
alized developmental support to caregivers. Infants 
likely to attend the hospital received formalized and 
standardized outpatient physiotherapy. Infants not 
able to attend the hospital were offered a single edu-
cational physiotherapy session. This research group 
planned to measure outcomes at baseline and after 
the end of the intervention at 8 and 12 months. They 
managed to recruit 12 infants, of which only 6 could 
ultimately be included. Recruitment was stopped pre-
maturely because several objections to participation 
arose from both the families and service providers. 
The effectiveness of intervention services could not 
be evaluated with the data collected. Long et al. [27] 
showed that family acceptance is limited when physi-
cal therapy is offered in a tertiary setting under the 
current model of care in Australia.

Major strengths of this study were its prospective 
design; the blinding of the assessors to diagnosis, his-
tory, and intervention group; and the use of standard-
ized outcome measures such as the AIMS and the Ages 
and Stages Questionnaire 3rd Edition (ASQ-3) [29], a 
parent-completed screening questionnaire for iden-
tifying developmental delay and disorders. Research-
ers precisely described their difficulties in evaluating 
the effectiveness of the intervention in CHD infants 
and factors leading to nonparticipation in this cohort. 
Limitations of this study include a lack of details about 
intervention type and frequency and session duration. 
Thus, it is difficult to conclude what findings might be 
expected of similar studies conducted elsewhere.

Discussion
Our study systematically reviewed four studies [25–28] 
that investigated early motor interventions in infants 
with CHD after open-heart surgery. As previously 
expected, our review confirmed that only few studies 
examined early motor intervention in CHD infants after 
open-heart surgery. Over the last 8 years (2015–2023), 
only four studies were published, with low to high meth-
odological quality. Because their level of evidence is low 
to high, their results must be interpreted with caution.

Methodological considerations
Only one study had high methodological quality [25], 
one had moderate [26], and two had low methodologi-
cal quality [27, 28] often related to the study design and 
small sample sizes.

Uzark et al. [25], Fourdain et al. [26], and Haseba et al. 
[28] showed good representativeness for their cohorts 
due to their relatively large number of patients and well-
defined inclusion and exclusion criteria. Only one study 
[25] randomized participants; the other studies were 
prone to selection bias. Fourdain et  al. [26] included a 
control group, but this was only small in size. Two studies 
[25, 26] showed a high risk of performance and assess-
ment bias as they did not blind the assessors. Blinding of 
families and physiotherapists is obviously not possible in 
these interventional studies. Long et al. [27] and Haseba 
et  al. [28] blinded assessors to the intervention. Uzark 
et  al. [25], Fourdain et  al. [26], and Haseba et  al. [28] 
described the statistical analyses.

Effects of early intervention of studies
The interventions are difficult to compare. No conclu-
sion can be drawn about the effect of early intervention 
in infants with CHD. This is due to the heterogeneity 
of studies investigating these interventions, their small 
group sizes, and their level of evidence. Nevertheless, 
certain trends can be observed. First, all the studies inves-
tigated the influence of early physical therapy in infants 
with CHD. The studies by Uzark et al. [25], Fourdain et al. 
[26], and Haseba et al. [28] focused on strengthening and 
functional activities, which corresponds with the current 
state of knowledge for early intervention therapy in high-
risk infants [11].

Second, no further conclusions can be drawn about the 
optimal duration and frequency of therapy sessions and 
when best to start with intervention. The duration of a 
single therapy session was similar in all studies, approxi-
mately 60 min. However, the frequency varied signifi-
cantly. Some treatments were performed several times or 
once daily, others a few times a week, and some only a 
few in total. All four studies started the intervention after 
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surgery. The interventions’ duration ranged from an aver-
age of 18 days to 4 months. Accordingly, the literature 
provides no clear recommendations for early interven-
tion in infants with CHD.

Third, the feasibility and implementation of the inter-
ventions were challenging. Long et  al. [27] had to stop 
their study early because of objections from both the fam-
ily and the service providers. Meyer et al. [30] observed 
that the major challenges in most studies are adherence 
and compliance. Conducting intervention studies in 
infants is challenging per se and may be another reason 
why the literature in this area is so sparse.

Outcome measures of studies
All authors except Haseba et  al. [28] used standardized 
motor assessments like the AIMS and the BSID-III. As 
studies did not assess motor outcomes at same time 
points, it proved difficult to compare results. All stud-
ies had a baseline measure at time of therapy initiation, 
but only Fourdain et  al. [26] evaluated any follow-up 
measurements to assess post-intervention outcome. It 
is quite possible that intervention effects need time to 
become visible and thus can only be detected over time. 
It is therefore important to perform adequate follow-ups 
to identify improvements resulting from interventions. 
Additionally, the effects of early intervention may overlap 
with spontaneous biological development and the effects 
of environmental factors in early childhood, which make 
intervention effects hard to identify.

Secondary outcomes such as infants’ language and cog-
nitive development and parental quality of life were not 
reported across the studies. Parental involvement and 
consulting are described in the following section.

Parental involvements and consulting
Included studies did either not report outcomes of paren-
tal quality of life or only described parental involvement 
in a qualitative way. Uzark et al. [25] and Fourdain et al. 
[26] explicitly involved parents in the performance of 
the intervention and provided parents with home-based 
training. Long et al. [27] and Haseba et al. [28] also evalu-
ated parents’ opinions about their infants’ physical ther-
apy intervention and gross motor abilities. Haseba et al. 
[28] suggested that postoperative physical therapy pro-
grams might reduce parents’ postoperative anxiety and 
might educate parents to integrate home-based interven-
tions into their family life. Some literature has examined 
the importance of family-centered intervention [31, 32]. 
However, this only seems to be partially implemented in 
children with CHD. Parents of infants with CHD often 
experience high levels of stress from early diagnosis on, 
during the hospitalization period and later. This affects 
parents’ quality of life and mental health, which in turn 

influences children’s health [33]. Research reveals that 
parental mental health and family functioning might 
have greater influence on child than the physiological 
impact of CHD itself [34–36]. This underlines our obser-
vation that a family-based program is one of the essen-
tial aspects of early intervention. Future studies not only 
should involve parents in the implementation of early 
intervention but also should focus on parents’ outcome 
and quality of life.

Strengths and limitations of this review
To the best of our knowledge, this is the first systematic 
review investigating early motor intervention programs 
for infants with CHD after open-heart surgery that addi-
tionally describes if parents were involved in the inter-
vention process. Nonetheless, the results of this review 
except of one are inconclusive due to the low to moderate 
level of evidence of the studies included. We only consid-
ered literature published in English or German and thus 
might have missed other motor intervention programs 
for infants with CHD, which might have influenced our 
results. Additionally, we restricted our systematic review 
to infants with a mean age below 12 months. We are 
aware that various factors influence and promote infants’ 
development. Other approaches, such as family-based 
psychosocial and mental health interventions, are vital to 
improve parental and infant’s well-being [35, 37]. How-
ever, we decided to direct our interest to motor interven-
tions promoting infants’ motor development. All studies 
included in this review examined the influence of physi-
otherapy on motor outcomes; no studies were found that 
investigated other types of motor intervention.

In addition to the included studies, we extracted rele-
vant information from protocols trials and different case 
studies. The RCT by Lambert et al. [38], e.g., is currently 
investigating influence of passive movement on growth, 
neurobehavior, neurodevelopment, and bone mineral 
density in infants with univentricular CHD. The RCT 
protocol by Du et al. [39] describes a structured program 
of passive movement and active exercise for infants after 
cardiac catheterization aiming to improve motor devel-
opment, growth, heart function, and bone quality. The 
single case study by Gallagher et al. [40] even formed the 
basis for the study by Fourdain et al. [26] we included in 
our review.

Conclusions
All studies reported improvements in CHD children’s 
motor development. Although the heterogeneity of study 
designs, interventions, and outcomes do not allow mean-
ingful conclusion, they do provide suggestions for future 
research. The body of evidence on early intervention is 
comprehensive and supports the importance for infants 
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at risk for developmental impairments, such as infants 
born preterm and those born with hypoxic-ischemic 
encephalopathy [10, 41, 42]. Thus, literature exists for 
other at-risk infants, and evidence is accumulating that 
such intervention programs may be applicable or adapt-
able to other at-risk populations, including CHD infants.

Nonetheless, it is evident that infants with CHD often 
show delayed motor development [14, 43, 44]. Reduced 
physical activity, starting early, most likely continues 
during childhood and later. Motor developmental delay 
is the first developmental problem that becomes appar-
ent in infants with CHD [43], and it seems clear that 
these infants may benefit from early motor intervention. 
Seeking to prevent problems before they manifest and 
improve existing problems should reduce difficulties later 
in life. However, early interventions focusing on infants 
with CHD to promote motor development are sparse. In 
particular, studies with high methodological quality and 
that involve parents are needed to investigate early motor 
intervention in this at-risk population.
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