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Objectives 

•To discuss the prevalence and scope of the problem of missed or 
untimely diagnosis of CCHD. 

 

•To discuss the evidence supporting the routine use of pulse oximetry 
in newborns to detect critical congenital heart disease. 

 

•To discuss the benefits as well at the limitations of this type of 
screening. 

 

•To present the screening protocol currently in use at Strong Memorial 
Hospital. 
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Background 

•Congenital heart disease occurs in 9 of every 1000 live births. 

 

•Approximately ¼ of these children will have critical congenital heart 
disease (CCHD) 

 

•Critical congenital heart disease:  Congenital heart disease that requires 
surgery or catheter intervention in the first year of life. 

 

•Congenital malformations are one of the leading causes of infant death in 
the United States and other developed nations. 

 

•CCHD is responsible for more deaths than any other type of 
congenital malformation. 
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Diagnosis of CCHD 

•Currently, children with CCHD are diagnosed in the newborn nursery 

by a variety of mechanisms. 

•Usually, diagnosis relies on physical exam findings: 

• Heart murmur 

• Tachypnea 

• Cyanosis 

•CXR, pulse oximetry, ABG, EKG and ECHO are only done if the baby 

is symptomatic or has increased risk of CHD (family history, 

chromosomal anomaly, etc.) 
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Diagnosis of CCHD 

•Physical exam usually occurs 

within the first 24 h of life, and 

may be the only exam 

performed by a pediatrician or 

other licensed health care 

professional prior to discharge. 

 

•May have only one exam prior 

to discharge. 
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Diagnosis of CCHD 

•In the US, delayed or missed 

diagnosis of CCHD may occur in 7 

per 100,000 live births, possibly 

more. 

•Delayed or missed diagnosis may 

result in the infant presenting in 

extremis with sudden and profound 

worsening clinical status 

corresponding to changes in 

pulmonary vascular resistance and 

closure of the ductus arteriosus. 
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Morbidity of CCHD 

•Short term: cardiorespiratory compromise, hemodynamic 

instability, shock 

•Long term: sequelae from the short term problems and/or 

chronic hypoxia both causing brain injury from ischemia and 

reperfusion.   

•More likely to have impairments in motor function, speech and 

language, visual-motor-perception, executive function and 

increased use of special services. 



Mortality Associated with CCHD 

•Delayed or missed diagnosis accounts for 1-2 deaths per 

100,000 livebirths 

 

•~10% of children with serious undiagnosed CHD die either at 

presentation or before their first surgery.   

 

•For undiagnosed cyanotic heart disease, 81% of patients at 

autopsy died in the first 3 months of life, and 16% of those 

died without previous symptoms. 

Chang et al. Arch Pediatr Adoles Med. 2008 Oct;162(10):969-74 



Pulse Oximetry Can Identify Babies with CCHD 

•Prospective, multicenter study performed in Saxony, Germany from 2006-

2008. 

•  41,445 newborns >37 weeks and no prenatal CHD diagnosis, were 

screened at 24-72 hours of age. 

• If lower extremity sats <95% and confirmed after 1 hour, complete clinical 

exam and echo were performed.  

•Aim was to reduce the diagnostic gap in CCHD in daily clinical routine in a 

variation of care centers. 

 



Reduction in the “Diagnostic Gap” 

•Incidence of CCHD 0.186% 

(90 out of 48,348 study 

population) 

 

•Pulse Oximetry Screening: 

• Sensitivity 77.78% 

• Specificity 99.9% 

• PPV 25.93% 

• NPV 99.99% 

 



More supporting data from the UK 

•Studied infants >34 weeks at birth in six maternity units in the UK. 

•Screening protocol: <95% in both RH and foot or >2% difference were 

abnormal. Median age of screen was 12 hrs of life. 

•Two cohorts were defined: the first included all recruited babies and the second 

cohort excluded those with suspected CHD 

• Included prenatal CCHD diagnoses but excluded babies that had symptoms 

suggestive of cardiac disease before screening with oximetry.   

• Focused on critical ECHO findings 

• Followed up babies through use of cardiology databases, regional and national 

registries. 

 

Ewer et al. Lancet. 2011;378(9793):785-794. 
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Early Testing is Associated with Higher False 
Positive Rate 

• Median time of testing in this study was at 12 hours of life. 

• False positive rate of 80/1000 babies tested 

• Of those who did not have CCHD (163 patients with abnormal screen) 

• 86 had non-critical heart disease 

• 20 had other illness causing low sat that needed attention (e.g. 

slow transition, infection) 

• 57 out of 21,000 babies who tested positive were well (2.7/1,000) 

 

• Raises possibility that waiting until after 12 hours to perform test may 

reduce the likelihood of detecting babies with slow transition 

 

Ewer et al. Lancet. 2011;378(9793):785-794. 



2011 AAP Recommendations 

•  Found sufficient evidence to begin screening for CCHD in well-baby and 

intermediate-care nurseries. 

 

•  Provided an algorithm that designed to detect infants with CCHD as early 

as possible while minimizing the risk of false positive results.  

 

•  Discussed the eventual progression of pulse ox screening to be as routine 

as newborn hearing and genetic disease screens, with future involvement 

of public health agencies. 



AAP’s Primary Targets for Screening 

•Hypoplastic Left Heart Syndrome  

•Pulmonary Atresia  

•Tetrology of Fallot 

•Total Anomalous Pulmonary Venous Return 

•Transposition of Great Arteries 

•Tricuspid Atresia 

•Truncus Arteriosus 

  



Routine Pulse Oximetry Screening 

•Earlier detection of CHD, earlier 

treatment 

•Decrease in mortality  

•Detection of other conditions 

(PPHN, PNX, PNA, early sepsis) 

•Low risk of harm, non-invasive 

•Cost? 

  

•False reassurance if negative 

screen 

•False Positives 

•Parental and staff anxiety 

•Elevated use of healthcare 

•Cost? 

Pros Cons 



Current Screening Protocol at 
Strong Memorial Hospital 
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Algorithm for 

Pulse Oximetry 

Screening for 

CCHD 



Implementation of screening at SMH 
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• URMC Tool Kit – Happy to share 

• Parent Handout 

• English  

• Spanish 

• Letter to PCPs 

• Educational Materials for staff and inhouse providers 

• Documentation tool 
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Implementation at SMH 

 

• Implemented March 1st 2012 

 

• No true positive test results. 

 

• No false positive test results.  
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Costs 

 Time! 

 Purchase and maintenance of screening equipment   

 AAP Published estimates: $5-10 per infant (compare to $30 per infant 

hearing screen) 

 Treatment: Echos, Telemedicine, Transport, Prolonged 

hospitalizations 

 BUT!!... 

 Avoided cost of care from one case of complications from circulatory 

collapse resulting from an undiagnosed CCHD may exceed the cost of 

screening two thousand newborns. 

  

  



Estimated Cost to start  

• Pulse ox monitors (approx. $6,000 each at most) 

• Pulse ox probes (approx. $20 each, 20 uses/probe) 

• Pulse ox adhesives (approx. $4 each, 1 per baby) 

• CXR, EKG, ABG, ECHO, Pediatric Cardiology Consult, follow up 

appointments 

• SMH: 3,000 births/year – 900 NICU admits = 2,100 babies/year that 

would require screening. 

• Estimated cost ~ $22,500 with 2 pulse ox monitors, NOT including further 

workup, consults, possible prolonged hospitalization or transfer to NICU, 

or future follow-up appointments 



Legislation to Promote Newborn Screening for 
CCHD 

29 



Future Directions 

 NYS Dept of Health plans to integrate this 

screening with metabolic and hearing screening 

and track implementation, data collection, and 

diagnostic outcomes. 

 



Resources 

 CDC  

 http://www.cdc.gov/ncbddd/pediatricgenetics/pulse.html 

  

 Baby’s First Test 

 http://www.babysfirsttest.org/newborn-screening/conditions/critical-

congenital-heart-disease-cchd 
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