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Latal B. Clinics in Perinatology 2016

• High prevalence-low severity
• Often in combination
• Persistence into adolescence   

No growing out of deficits
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10 year outcome: REACHOUT Study

– Higher rate of ADHD, social interaction problems
– 24% combination of ADHD-related symptoms and social interaction

problems
– Predictors: lower child IQ and poorer maternal mental health at 4 

years of age

– Lower IQ and rate of regular school (82.4% versus 97%)
– Lower socioeconomic status and longer hospital stay predict IQ

– Higher rate of motor and visuomotor problems
– associated with more internalizing behavioral problems

Werninger et al. 2020 Frontiers in Pediatrics | www.frontiersin.org

Spillmann et al. 2021 Pediatric Research; https://doi.org/10.1038/s41390-021-01853-

Teixeira et al. Cardiology in the young 2021 : 10.1017/S1047951121004145 
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Combination of ADHD-related symptoms and social
interaction problems

Werninger et al. 2020 Frontiers in Pediatrics | www.frontiersin.org

SDQ: strength and difficulties questionnaire
SRS: Social responsiveness scale
Conners: behavioral questionnaire



Long-term development into adolescence

• Persistent intellectual deficits
• Visual-spacial processing problems
• Language problems
• Fine motor and visuoperceptual difficulties
• Social cognition deficits

• Executive function impairment

Bellinger et al. Circulation 2011, von Rhein 2013, Schäfer  et 
al. DMCN 2013, Cassidy et al. JINS 2017, Rollins et al. J 
Pediatr 2014,Bean Jaworski et al.  Chid Neuropsychology 
2017
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Executive function: higher order cognitive function
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Executive functions at school-age
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Feldmann et al. Pediatrics. 2021;148(4):e2021050875 



Executive functions at school-age
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Feldmann et al. Pediatrics. 2021;148(4):e2021050875 



Educational achievement and QoL in adolescence and 
adulthood

- Educational and academic achievement similar to peers or controls 
-Patients with severe CHD have lower educational achievement

- Good quality of life during adolescence and adulthood, irrespective 
of country

- Poorer physical quality of life in association with severe CHD
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Pfitzer et al. Early Human Development 2019
Schäfer et al. Cardiology in the Young 2015
Apers und Kovacs, JACC 2016
Rometsch et al. European Heart Journal 2018
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Adult outcome of patients with CHD

Schlosser et al. 2021 Cardiology in the Young, doi: 10.1017/ 
S1047951121002705 

Kessler et al. Intern. Journal of Cardiology 2020 



Risk factors for neurodevelopmental impairments

• Genetic comorbidity
• Complexity of CHD
• Lower birth weight
• Male gender
• Neonatal status at surgery
• Postoperative ECMO/VAD
• Longer lenght of hospital stay
• Lower socioeconomic status/maternal education

The International Cardiac Collaborative on Neurodevelopment. 2016: 
http://dx.doi.org/10.1016/j.athoracsur.2016.05.081

http://dx.doi.org/10.1016/j.athoracsur.2016.05.081
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Feldmann et al. Pediatrics. 2021;148(4):e2021050875 



Socioeconomic status and IQ
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20 IQ points

Neukomm A, et al. under review J Pediatr



Socioeconomic status and IQ
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Naef et al. Journal of Pediatrics 2019
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Neukomm A, et al. under review J Pediatr

20 IQ points



Socially stimulating parental environment and IQ
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Bonthrone A, et al. Infancy. 2020;26:184–199 



Explained variance for the full model: R2 = 26% 

EF composite score across childhood and adulthood (9-32 years) 

Ehrler M. et al. submitted



Congenital heart disease is a chronic cardiac and 
neurological disorder 

Ariane Marelli et al. Circulation. 2016;133:1951-1962

Copyright © American Heart Association, Inc. All rights reserved.
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Implications for health care providers: Follow-up
programs and register

– Early detection of neurodevelopmental impairments allows for early
intervention in the respective developmental domain

– Quality control and potential for improvement
– Parental counselling and guidance
– Anticipating of neurodevelopmental difficulties
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Which?

Circulation. 2012;126:1143-1172 

Hybrid approach
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Switzerland: 

Swiss Orchid
Swiss neurodevelopmental Outcome Registry for

CHIldren with severe congenital heart Disease

Infants with CHD undergoing cardiac intervention 
within the first 6 weeks of life

Natterer et al. A national neurodevelopmental Outcome Registry for CHIldren with severe congenital heart Disease
(ORCHID) in Switzerland – framework, regulations and implementation, under revisions Swiss Medical Weekly
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Summary

Increased risk for 
neurodevelopmental 

impairment in 
children with CHD 

Highest risk: severity 
of CHD, genetic 

comorbidities, low 
SES

Persistence into 
adolescence and 

adulthood

Problems may 
become apparent at 
school-age or later

Standardized FU 
programs necessary 

for quality control 
and improvement


