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Myth #1

• Early balloon atrial 
septostomies were 
performed using 
Foley catheters



Myth #2
• The first 

seven 
patients who 
underwent 
the arterial 
switch 
operation for 
D-TGA died



Myth #3

• Patients 
with L-TGA 
can survive 
into their 
80s without 
surgical 
correction



Myths….or reality?

A. Early balloon atrial septostomies were performed 
using a foley catheter 

B. The first 7 patients who underwent arterial switch 
procedure for D-TGA died in the peri-operative 
period 

C. Patients with L-TGA can live normal full lives- 
without an operation



Journey through Cardiology 
and CV surgery 



Evolution of Pediatric CV 
Surgery
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Myths?
• Patients born with HLHS have a poor prognosis 

• Physical activity in patients with congenital heart 
disease is dangerous 

• Patients post surgical repair of congenital heart 
disease should not get pregnant 

• Patients post surgical repair of congenital heart 
disease have morbidities and poor 
neurodevelopmental outcomes



What is Hypoplastic Left 
Heart Syndrome?

• Inadequate development of the left side of the heart 

• Mitral valve atresia or stenosis- Primary cause? 

• Aortic valve atresia or stenosis 

• Hypoplasia of the aorta 

• Ascending, transverse, coarctation 

• Hypoplasia of the left ventricle



Statistics on HLHS

• 5-7% of all Congenital heart disease 

• Lethal if untreated 

• Extracardiac anomalies uncommon- 10-15% 

• Chromosomal abnormalities uncommon- 10-15%



What is the big deal with 
HLHS?

• HLHS treatment/management/outcomes is the 
Benchmark for Cardiology and CV surgery programs 

• “Benchmark” surgery for STS database 

• Defines your performance as a center

• “If you do this well, you can do everything well” 

• Lessons learned in the operative and preoperative 
management of HLHS can be applied to every other 
surgery



Why HLHS?
• Most benchmarking typically uses discharge mortality and 

morbidity data 

• Long term survival requires 

• Navigation of multiple surgeries, re-do operations, 
catherizations 

• Requires advanced imaging 

• Requires sophisticated cardiology/surgical decision making 

• Requires a large cohesive team



HLHS

• The heart is structurally 
normally related 

• Follow the blood flow 

• Patients are started on PGE to 
maintain ductal patency



Norwood procedure
• Often done ages 3-7 

days of life 

• Pulmonary artery 
anastomosed to the 
small ascending aorta 

• Aortic arch is augmented 

• Shunt provides 
pulmonary blood flow 

• Removal of the atrial 
septum allows blood to 
reach the right side of 
the heart



Norwood results

• Early 1990s- Early survival 50% 

• 1990s- 70% survival to discharge 

• 2010s- 80-84% survival to discharge 

• Highest performing centers- >90%





Our institutional data- 
10 years

• >90 consecutive newborns 

• Operation on median DOL #6 (1-42) 

• 21% high risk!!! 

• 34% female 

• Median BWt 3.17 Kg (1900-4500g)



Our institution 
10 year experience

• Hospital discharge survival- 89% 

• Standard risk- 91% 

• High risk survival- 74% 

• Over last 5 years- 92% 

• ECMO- 17% 

• Poor prognosis- 53% 

• More common in 5-10 years range



HLHS
• 90% of patients surviving to discharge  

• Hospital discharge survival should be above the 
STS “benchmark” of 83-84% 

• 10 year survival is now the expectation- 60-80% 

• Outcomes are very good even for the most difficult 
of surgeries





Is exercise dangerous or 
unhealthy in patients with CHD?



AHA Scientific Statement

2147

The American Heart Association recognizes the impor-
tance of physically active lifestyles to the health and well-

being of children and adults with congenital heart defects. 
Counseling of patients with congenital heart defects should 
emphasize the importance of daily physical activity and 
decreasing sedentary behavior as appropriate for the patient’s 
clinical status. The suggested practices are based on relevant 
research regarding the benefits of physical activity for healthy 
children and adults, because research on physical activity 
among patients with congenital heart defects is lacking. There 
is no evidence regarding whether or not there is a need to 
restrict recreational physical activity among patients with con-
genital heart defects, apart from those with rhythm disorders. 
It is important to recognize that most patients with congenital 
heart defects are relatively sedentary and that the physical and 
psychosocial health benefits of physical activity are important 
for this population, which is at risk for exercise intolerance, 
obesity, and psychosocial morbidities. Therefore, counseling 
to encourage daily participation in appropriate physical activ-
ity should be a core component of every patient encounter.

Physically active lifestyles are important for children and 
adults living with congenital heart disease (CHD). The health 
benefits of physical activity accrue during activities of mod-
erate intensity. Although higher intensity activity is required 
for changes to cardiorespiratory or musculoskeletal fitness, 
research demonstrates that activities of more moderate inten-
sity provide significant health benefits1–4 even if there are no 

changes in measures of cardiorespiratory or musculoskeletal 
fitness. As such, it is important to recognize that this scien-
tific statement clearly distinguishes physical activity from 
exercise or fitness. Physical activity is a broader concept that 
incorporates all types of physical movement, not solely those 
designated as exercise (planned, repetitive physical activity 
designed to increase fitness). Given that health benefits will 
accrue from physical activity of moderate intensity, the health 
benefits of a physically active lifestyle are within reach of 
nearly all patients with CHD. Healthcare professionals must 
tailor recommendations to each patient’s clinical status, but the 
focus should be on the health benefits of physical activity5 and 
promoting appropriate participation for all patients. Children 
and adults with CHD should be encouraged to achieve recom-
mended levels of physical activity.6–8 Very few patients with 
CHD will have disease that significantly impacts physical 
activity with family and friends. Similarly, only a very few 
diagnoses (such as risk of ventricular arrhythmia) necessitate 
activity restrictions. For most, physical activity can be unlim-
ited and should be strongly promoted. Physical activity coun-
seling should be part of every patient interaction, whether or 
not the patient’s clinical status justifies activity restrictions.

Historically, cardiopulmonary exercise testing primarily has 
been used to evaluate morbidity and mortality in patients with 
CHD, with evidence accumulating of a link between exercise 
capacity and midterm outcomes.9 It is also helpful for exam-
ining changes in cardiovascular physiology during exercise 
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Promotion of Physical Activity for 
Children and Adults with CHD

• Published by AHA 

• Title uses “Promotion” instead of “Restriction” 

• “Counseling of pts with CHD should emphasize the importance of daily physical 
activity and decreasing sedentary behavior” 

• Limited research on patients with CHD and exercise 

• Limited data on whether restriction is necessary 

• Patients with CHD tend to be sedentary 

• Patients with CHD have lower levels of physical activity, higher incidence of 
obesity compared to healthy children 

• “Counseling to encourage daily participation in physical activity should be a core 
component of every patient encounter”



Exercise in CHD
• Moderate intensity exercise 

• Physical activity incorporates all types of physical 
movement, not solely “exercise” 

• Health benefits of moderate exercise are within reach of 
nearly all patients 

• Only rare patients need to be restricted from activity with 
family and friends 

• For most, physical activity can be unlimited and should 
be strongly promoted



Current guidelines
• Healthy adults 

• Muscle strengthening 2 or more days each week 

• 75 minutes of vigorous or 150 minutes of 
moderate activity each week 

• Children 60 minutes or more of daily physical 
activity
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Benefits of physical exercise



Benefits of physical exercise
• Physiological improvements in skeletal muscle 

function 

• Vascular function 

• Immune system function 

• Obesity prevention 

• Complex psychological, cognitive and social 
function



Physical activity promotion

• Daily physical activity is a cornerstone of CV health 
promotion 

• We are doing a disservice to our patients if we are not 
encouraging them to exercise regularly 

• Providers feel ill prepared to promote healthy lifestyles 

• May be lacking in skills, knowledge, resources, time 
needed to implement physical activity promotion



Physical activity promotion
• “Effective behavior change counseling enables the 

individual to identify personally relevant goals and 
use intrinsic motivation to develop and implement 
action plans that are meaningful and appropriate” 

• The clinician can bring to the fore the patient’s 
intrinsic motivation for physical activity 

• Patient centered 

• Motivational interviewing



Motivational interviewing
• RULE (Resist, Understand, Listen, Empower) 

• Resist the “righting reflex” 

• Natural tendency of providers to overtly 
support the “good” or desired behavior 

• Intended to be helpful, these comments turn 
the patient’s focus toward justification of the 
negative behavior (defensiveness)



Motivational interviewing
• RULE (Resist, Understand, Listen, Empower) 

• Understand and explore the patient’s own 
motivation for change and perception of the 
current situation 

• Why do you want to be more active? 

• If you get tired during exercise, what type of 
exercise are you doing?



Motivational interviewing

• RULE (Resist, Understand, Listen, Empower) 

• Listen with empathy, and validate the patient’s 
feelings attend to non-verbal stimuli 

• Perhaps you can’t exercise after work- would you 
have time before work?  After school?



Motivational interviewing

• RULE (Resist, Understand, Listen, Empower) 

• Empower the patient encouraging hope and 
optimism that they can achieve their goal 

• I know you want to get fit, but maybe we haven’t 
had the best plan for you yet, together we will 
figure out a plan to get you exercising



Most common causes of 
sudden death 

• Hypertrophic cardiomyopathy- 35-40% 

• Coronary artery anomalies- 25% 

• LVH- 10% 

• Dilated Cardiomyopathy- 3-5% 

• Congenital heart disease- 5% (Rare with exercise) 

• Long QT syndrome- 3% 

• Myocarditis- 3% 

• Arrhythmogenic right ventricular dysplasia- 2% 

• Commotio Cordis- < 1%



Which patients DO we limit?
• Ventricular dysfunction- Significantly decreased ejection fraction 

• Risk of ventricular tachyarrhythmia 

• Restricted to recreational sports, no competitive sports 

• Aortic dilation 

• Risk of aneurysm or dissection 

• Moderate intensity exercise is safe 

• Hypoxia 

• Largely self limit 

• Anticoagulation 

• Avoid sports where body contact is a routine aspect of the sport 

• Implanted devices 

• Avoid sports with contact



Counseling patients to 
promote physical activity

• Ask about exercise and encourage all families at every visit  

• Inform families that there are health risks associated with 
prolonged sedentary periods, even if patient meets the exercise 
goals 

• Encourage patients to identify realistic and measurable goals 
when counseling them to change their physical activity behavior 

• Counsel adults and children to block time for exercise during 
their weeks 

• If heart is successfully repaired, without sequelae, full activity 
without restriction



Classification of sports by degree of peak dynamic and static components achieved during 
competition. 

Patricia E. Longmuir et al. Circulation. 2013;127:2147-2159

Copyright © American Heart Association, Inc. All rights reserved.



So what now?

• Survival now into the 
20s-30s for all lesions 

• But is it morbidity free 
survival?



Neurodevelopmental 
disabilities

• Most common sequelae after congenital heart 
disease 

• Most damaging sequelae after congenital heart 
disease 

• Very limited data on this subject



ND disabilities
• Children undergoing cardiac surgery in infancy 

• Reasoning 

• Learning 

• Executive function 

• Inattention 

• Impulsive behavior 

• Language skills 

• Social skills



ND disabilities
• In childhood 

• Poor school performance 

• More likely to require remedial services 

• More likely to require OT, PT or ST 

• Strained interpersonal relationships 

• Behavior problems 

• As Adults 

• Less educational achievements 

• Employability 

• Insurability 

• Quality of life



Neurodevelopmental outcomes 
following surgery for CHD

• Elliot

• Pediatrics; Volume 135, Number 5, May, 2015



ND outcomes after cardiac 
surgery in infancy

• Analyzed individual participant data from studies of 
children evaluated with the Bayley Scales of Infant 
Development 

• Heart surgery 1996-2009 

• Outcomes 

• Psychomotor Development Index (PDI) 

• Mental Development Index (MDI)



ND outcomes after surgery 
in infancy

• 1770 pts 

• 22 institutions 

• Assessed at age 14.5 +/- 3.7 months



Results
• Patients with CHD when compared to age matched peers 

• PDI- 77.6 +/- 18.8 

• MDI- 88.2 +/- 16.7 

• Percentage of patients > 1 SD below the mean 

• PDI 63% 

• MDI 35% 

• Percentage of patients > 2 SD below the mean 

• PDI 37% 

• MDI 15%



Risk Factors for lower PDI or 
MDI

• Risk factors for lower PDI or MDI 

• Lower birth weight 

• White race 

• Presence of genetic/extracardiac anomaly (all p<0.01) 

• Male sex 

• Less maternal education 

• No improvement over time! 



More on data
• Perhaps patient risk factors that are not related to the 

surgery are more important determinants of ND outcome 
than operative management strategies 

• Fetal brain development is abnormal in patients with CHD 

• MRI studies 

• Delayed cortical development and folding 

• White matter injury present in 1 in 5 infants before 
CV surgery



“Lack of improvement in ND outcomes over 
the long study period despite 
contemporaneous improvements in survival, 
surgical strategies, preoperative care, thus 
may be due to greater effects of innate 
patient factors and brain maturation which 
outweigh the impact of modifiable 
management strategies.”



What are the 
risk factors for 

ND delays?



Patient characteristics are important determinants of
neurodevelopmental outcome at one year of age after neonatal
and infant cardiac surgery

J. William Gaynor, MDa, Gil Wernovsky, MDb, Gail P. Jarvik, MD, PhDc, Judy Bernbaum,
MDd, Marsha Gerdes, PhDe, Elaine Zackai, MDf, Alex S. Nord, BAc, Robert R. Clancy, MDg,
Susan C. Nicolson, MDh, and Thomas L. Spray, MDa
a Division of Cardiothoracic Surgery, The Cardiac Center at The Children’s Hospital of Philadelphia,
Philadelphia, Pa
b Division of Pediatric Cardiology, The Cardiac Center at The Children’s Hospital of Philadelphia,
Philadelphia, Pa
c Department of Medicine (Medical Genetics), University of Washington, Seattle, Wash
d Division of General Pediatrics, The Cardiac Center at The Children’s Hospital of Philadelphia,
Philadelphia, Pa
e Division of Psychology, The Cardiac Center at The Children’s Hospital of Philadelphia,
Philadelphia, Pa
f Division of Genetics, The Cardiac Center at The Children’s Hospital of Philadelphia, Philadelphia,
Pa
g Division of Neurology, The Cardiac Center at The Children’s Hospital of Philadelphia, Philadelphia,
Pa
h Division of Cardiothoracic Anesthesiology, The Cardiac Center at The Children’s Hospital of
Philadelphia, Philadelphia, Pa

Abstract
Objective—Many studies of neurodevelopmental outcomes after neonatal and infant cardiac
surgery have focused on potentially modifiable risk factors for adverse outcomes, primarily
intraoperative management strategies and the use of deep hypothermic circulatory arrest. There is
increasing evidence that patient-specific factors are more important determinants of outcome.

Methods—We investigated predictors of neurodevelopmental outcomes at 1 year of age after
neonatal and infant cardiac surgery in a subgroup of infants enrolled in a prospective study of
apolipoprotein E (APOE) genotype and neurodevelopmental outcome. Children with a variety of 2-
ventricle cardiac defects repaired with only 1 operation with cardiopulmonary bypass and no more
than 1 episode of deep hypothermic circulatory arrest were included. Neurodevelopmental outcomes
at 1 year of age included the Bayley Scales of Infant Development-II, which yield 2 indices, the
Mental Developmental Index and the Psychomotor Developmental Index.

Address for reprints: J. William Gaynor, MD, Division of Cardiothoracic Surgery, The Children’s Hospital of Philadelphia, 34th and
Civic Center Blvd, Suite 8527, Philadelphia, PA 19104 (gaynor@email.chop.edu).
Supplemental material is available online.
Read at the Eighty-sixth Annual Meeting of The American Association for Thoracic Surgery, Philadelphia, Pa, April 29-May 3, 2006.
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Risk factors

• 247 infants 

• All types of CHD 

• Looked at Psychomotor developmental index (PDI) 
and Mental developmental index (MDI)



Figure 1.
Bar graph showing use and duration of DHCA. The x-axis is DHCA duration in 10-minute
increments. The y-axis is number of patients. DHCA, deep hypothermic circulatory arrest.
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Figure 2.
Bar graph showing distribution of MDI and PDI scores. The x-axis is MDI/PDI score in 10-
point increments. The y-axis is number of patients. In the general population, MDI and PDI
scores are normally distributed with a mean of 100 and a standard deviation of 15. In this
cohort, the distribution is shifted to the left, indicating worse performance. The PDI is more
severely affected than the MDI. MDI, Mental Developmental Index; PDI, Psychomotor
Developmental Index.
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Multivariate analysis
• For entire cohort 

• MDI 90.6 +/- 14.9 

• PDI 81.7 +/- 17.2 

• Non-genetic syndrome 

• MDI 93.7 +/- 13.6 

• PDI 85.1 +/- 14.6 

• Patient related factors- Birth weight, ethnicity, presence of a genetic syndrome are 
all important risk factors  

• Procedure related factors- lowest NP temperature, length of hospital stay



Conclusions
“Overall, patient-specific factors (gender, ethnicity, 
birth weight, birth head circumference, Apgar 
score at 1 minute, Apgar score at 5 minutes, 
genetic syndrome, APOE genotype) explained 
more of the variability in the MDI (13.0% vs 
5.3%) and the PDI (20.7% vs 7.6%) than did 
intraoperative factors (weight at surgery, cooling 
time, DHCA time, CPB time, lowest NP 
temperature, hematocrit). “



Academic Proficiency in Children Following Early Congenital
Heart Disease Surgery

Sarah B. Mulkey, MD1,2, Christopher J. Swearingen, PhD1, Maria S. Melguizo, MS1, Rachel
N. Reeves3, Jacob A. Rowell2, Neal Gibson, PhD4, Greg Holland, PhD4, Adnan T. Bhutta,
MBBS1, and Jeffrey R. Kaiser, MD, MA5

1Department of Pediatrics, University of Arkansas for Medical Sciences, Little Rock, AR
2Center for Translational Neuroscience, University of Arkansas for Medical Sciences, Little Rock,
AR
3Arkansas Children’s Hospital Research Institute, Little Rock, AR
4Arkansas Research Center, Arkansas Department of Education, Conway, AR
5Departments of Pediatrics and Obstetrics and Gynecology, Baylor College of Medicine, Houston,
TX

Abstract
Children with early surgery for congenital heart disease (CHD) are known to have impaired
neurodevelopment; their performance on school-age achievement tests and their need for special
education remains largely unexplored. The study aimed to determine predictors of academic
achievement at school-age and placement in special education services among early CHD surgery
survivors. Children with CHD surgery at <1 year of age from 1/1/1998─12/31/2003 at the
Arkansas Children’s Hospital were identified. Out-of-state births and infants with known genetic
and/or neurologic conditions were excluded. Infants were matched to an Arkansas Department of
Education database containing standardized assessments at early school-age and special education
codes. Predictors for achieving proficiency in literacy and mathematics and the receipt of special
education were determined. 256 children who attended Arkansas public schools and had surgery
as infants were included; 77.7% had either school-age achievement-test scores or special
education codes of mental retardation or multiple disabilities. Scores on achievement tests for
these children were 7–13% lower than Arkansas students (p<0.01). They had an 8-fold increase in
the receipt of special education due to multiple disabilities (OR 10.66, 95% CI 4.23─22.35) or
mental retardation (OR 4.96, 95% CI 2.6─8.64). Surgery after the neonatal period was associated
with reduced literacy proficiency and cardiopulmonary bypass during the first surgery was
associated with reduced mathematics proficiency. Children who had early CHD surgery were less
proficient on standardized school assessments and many received special education. This is
concerning since achievement- test scores at school-age are “real-world” predictors of long-term
outcomes.
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Results

• CHD patients scored 13% lower on proficiency 
tests than non-CHD peers in both literacy and 
mathematics 

• 8 fold increase in receiving special education 
compared to non-CHD patients



ND Conclusions
• Patients who have had surgery for CHD are at risk 

of multiple learning delays and psychosocial 
disorders 

• Predetermined risk factors seem to play a larger 
role in the determination of delay in PDI and MDI 
than does surgical factors (although surgical 
factors still play a role) 

• Early intervention may mitigate some delays



Pregnancy in 
patients with 
Congenital 

Heart disease



Pregnancy in CHD
• Generally safe 

• High risk patient groups 

• Single ventricle 

• Severe Pulmonary hypertension 

• NYHA class 

• CHF symptoms 

• Increased risk groups 

• Arrhythmias 

• TOF 

• Cardiovascular management in pregnancy 
Circulation. 2014 Jul 15;130(3):273-82



Summary
• Survival/outcomes in all CV surgeries are now very 

good 

• Promote exercise in your CHD patients 

• Monitoring neurodevelopmental outcomes is 
important in this patient population 

• Any questions, please call!



Myths….or reality?

A. Early balloon atrial septostomies were performed 
using a foley catheter 

B. The first 7 patients who underwent arterial switch 
procedure for D-TGA died in the peri-operative 
period 

C. Patients with L-TGA can live normal full lives- 
without an operation


