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Objectives

• Review incidence & prevalence of congenital heart disease 

(CHD)

• Discuss advances for patients with complex CHD, specifically 

single ventricle, from prenatal diagnosis through adulthood

• Understand challenges related to growing up with complex 

CHD, including natural history of disease, unique medical 

needs, neurodevelopmental challenges, and psychosocial 

issues. 



Background: Congenital heart disease  

• Congenital heart disease (CHD) prevalence:  

• ~ 1% of live births

• ~ 25%  require early in life intervention

• Significantly increased survival

• Perioperative management

• Surgical advances/ Low surgical mortality

• Improved catheter-based interventions

• Sequelae of CHD and its management is emerging in adulthood



• From 2000-2010, prevalence of adult CHD increased > 50%

• In 2010, overall prevalence of CHD was 6.1/1000 adults

• Estimated ~ 1 million adult survivors with corrected, 

palliated, or uncorrected CHD in US

• About half with complex CHD

• Annual growth 5%

• Since year 2000, adults with CHD > children with CHD



Increased PBF Decreased PBF Obstructive Mixed

PDA Pulmonary stenosis Coarctation of aorta Transposition of 

Great Arteries

ASD Pulmonary atresia Interrupted aortic 

arch

TAPVR, obstructed

VSD Tetralogy of Fallot Aortic stenosis

AV canal Tricuspid atresia HLHS; single 

ventricle defects

Truncus arteriosus Ebstein’s anomaly of 

the tricuspid valve

TAPVR, 

unobstructed



Congenital heart surgery: 

Historical perspective  

• First intracardiac repair congenital heart defect: 1952

• VSD  1954

• Tetralogy of Fallot  1954

• Senning/atrial switch 1959

• Fontan 1968

• Arterial switch 1975 (1990s)

• Norwood palliation for HLHS 1984

• Catheter-based interventions, current era

• Pediatric ventricular assist, current era



CHD UPDATE  
A complex congenital heart disease journey: 

Hypoplastic left heart syndrome



What is HLHS?



Prenatal diagnosis

• Prenatal diagnosis rates vary widely

• Affected by lesion type, ultrasound practice, and training of 

examiner

• Ideal gestational age for fetal echo 18-24 weeks

• Who should be referred to fetal cardiology?

• Benefits

• Delivery plan

• Parent stress and coping?

• Long term benefits?



Fetal intervention

• Alter the natural course of a condition in utero to improve 

postnatal outcome

• Critical aortic stenosis with evolving HLHS

• Resource intensive:  OB/MFM, fetal cardiologist, 

interventionalist, CT surgeon, anesthesiologist, nursing, social 

work, chaplains, bioethicist

• Outcomes



Maternal hyperoxygenation

• Supplemental oxygen to pregnant woman carrying fetus with 

CHD

• Current evidence suggests increased fetal pulmonary blood 

flow, increased pulmonary venous return, increased ductal flow, 

and structural cardiac growth



Newborn screening for CHD

• Newborn screening for critical CHD added to the US 

Recommended Uniform Screening Panel in 2011

• Pre-ductal and post-ductal pulse oximetry comparison

• > 24 hours of age or before discharge

• Algorithm for interpretation

• Requires administration, interpretation, and action 

• Endorsed by AAP, AHA, ACC, March of Dimes

• Texas Pulse Ox Project – became law June 2013





Perioperative management:

Inspired gases 

Then

• Hypoxia

• 19% inspired oxygen

• Hypercarbia

• Add CO2

• No extra oxygen! Never! Ever!

Now

• Let them be!

• Spontaneous breathing in 
room air

• Avoid pre-operative intubation 
& mechanical ventilation

• A little oxygen may be OK, as 
long as you ensure adequate 
systemic perfusion



Perioperative management:

NIRS monitoring

• Near-infrared spectroscopy

• Continuous non-invasive 

assessment of regional 

tissue oxygenation 

• Signals perfusion changes:  

decreased supply or 

increased demand

• Early intervention 



Cardiopulmonary bypass

• Miniaturized circuits

• Systemic inflammatory 

response  

• increased capillary permeability, 

tissue edema, and organ 

dysfunction

• perioperative steroids

• Deep hypothermic circulatory 

arrest and continuous 

cerebral perfusion



Postoperative management

• Milrinone: decrease SVR, positive inotropy, lusitropy

• Inhaled nitric oxide: reduce PVR and RV afterload

• Early extubation: safe for select candidates, may 

reduce ICU and hospital LOS



Single ventricle Stage 1 management: 

surgical or interventional



Interstage monitoring

• Patients with single-ventricle, shunt-dependent physiology are 

at increased risk for interstage death due to instability of 

circulation

• Early identification of deteriorating physiology via interstage

home monitoring result in significant reduction in mortality

• National Pediatric Cardiology- Quality Improvement 

Collaborative

• Understand risk factors

• Establish best practices

• Transparency



Interstage monitoring at CMCD:

Safe at Home

• APP-led multidisciplinary team

• Parents room in 48 hours prior to discharge

• 24/7 direct phone access to APP

• Daily pulse ox checks at home with call 

parameters in place

• Daily weight checks every morning

• Monday call from APP with update on red 

flags, weight, Spo2. 

• Parent Advisory Council 

• Participation in NPC-QIC



Single ventricle 

Surgical Stages 2 and 3



CHD & Neurodevelopment 



• As the number of survivors of surgery for complex congenital 
heart disease continues to rise, it is recognized that there is an 
increased incidence of adverse neurological outcomes in the 
survivors. 

• A pattern similar to that seen in premature infants is emerging, 
including learning disabilities, behavioral abnormalities, 
inattention and hyperactivity. 

• The causes of these late developmental abnormalities are most 
likely sequential, cumulative and multifactorial



Wernovsky, G. & Licht, D. Pediatric Critical Care Medicine; 2016: 17(8)





• Developmental delay, academic difficulty, behavioral 

abnormalities, and psychosocial problems are some of the 

most prevalent and important consequences of pediatric 

heart conditions

• Distinct pattern of neurodevelopmental and behavioral 

impairment 

• May limit ultimate academic achievements, employability, 

earnings, insurability, QOL

• Evaluation and re-evaluation recommended



Neurodevelopmental disabilities & CHD

• Mild cognitive impairment

• Oral-motor dyscoordination

• Visual-spatial and visual-motor integration challenges

• Expressive speech and language abnormalities

• Learning disabilities

• Motor delays

• Social awkwardness/impaired social cognition

• Attention deficit disorders

• Anxiety and depression

• Challenges with executive function 



Executive function

• Executive function requires 3 types of brain function:

• Working memory

• Mental flexibility

• Self-control

• Executive function includes the ability to:

• Manage time and attention

• Switch focus

• Plan and organize

• Remember details

• Control inappropriate speech or behavior

• Integrate past experience with present action



Executive function

• Warning signs that a child may be having difficulty with 

executive function include trouble in:

• planning projects

• estimating how much time a project will take to complete

• telling stories (verbally or in writing) 

• memorizing information 

• initiating activities or tasks retaining information while doing 

something with it (for example, remembering a phone number 

while dialing, following recipes)



What can we do?

• Recognition 

• Evaluation 

• Early intervention

• PT/OT/Speech

• Special education

• Behavioral counseling

• Parent awareness & 

education 



What else can we do?

• Avoid planned early delivery – birth weight & GA matters

• Cardiopulmonary bypass strategies/modifiable factors

• Decrease length of stay

• Develop strategies to improve family and psychosocial health

• Promote normal maternal-child dyad 

• Decrease parental stress

• Mitigate toxic inpatient environment

• Noise? Aminoglycosides? Hearing loss? Cumulative sedation?

• Developmental care?





Growing up with CHD

• Transition to adult care

• Who to care for these patients?

• Where to care for these patients? 

• Access to care

• Employability 

• Insurability





Growing up with complex CHD: 

Quality of life

• Physical, neurodevelopmental, and psychosocial morbidities can 

impact quality of life

• Mood or anxiety disorders prevalent 

• Increased incidence of ADHD

• Psychosocial health associated with concurrent poorer executive 

function and ADHD

• Exercise intolerance, poor or excess weight gain, heavy 

medication burden, diet restriction, appointments and 

hospitalization

• Challenges of social and financial independence



Growing up with CHD: 

Reproductive considerations

• Preconception counseling

• Contraception

• Medications

• Physiologic changes during pregnancy

• Delivery planning (OB, cardiologist, anesthesiologist)



Single ventricle 

Fontan outcomes

• 20 year freedom from death or transplant ~ 80%

• 20 year event-free survival ~ 35%



Long term 

Single ventricle challenges

• Arrhythmia

• Exercise intolerance/diminished aerobic capacity

• Renal dysfunction

• Thrombosis and thromboembolism



Long term 

Single ventricle challenges

• Pulmonary complications

• Pulmonary hypertension 

• Plastic bronchitis

• Restrictive lung disease

• Protein Losing Enteropathy

• Hepatic dysfunction



Fontan failure 

• Multiple failure pathways:

• Systolic heart failure

• Diastolic heart failure

• Fontan circulatory failure

• Lymphatic failure



Fontan failure

• Ventricular and circulatory failure

• Optimal pharmacologic strategies

• Ventricular assist & mechanical support

• Transplant



Implications 

for Clinical Nurse Specialists

• CHD requires lifelong follow up

• Adults with CHD may be encountered in many settings

• Coordinate care among primary and specialty teams

• Mental health assessment 

• Social assessment: living situation, family dynamics, 

interpersonal relationships, employment, educational level, 

financial stability



Implications 

for Clinical Nurse Specialists

• Identify gaps in knowledge

• Patient education: medications, procedures, heart failure, 

anticoagulation, prevention and lifestyle

• Staff education 

• Every patient is unique with their own needs and strengths
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