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Congenital Heart Disease 

 
♥ Most common birth defect 
 
♥ 8:1,000 with CHD   
    3:1,000 with CCHD 
 
♥ Accounts for ~ 40% deaths 

from congenital anomalies 
 

♥ Majority of deaths due to 
CHD occur in first year of life 

 Hoffman JACC 39:2002 

Congenital Heart Disease 



Perspective on Importance 

• 15 year retrospective study 
 
• 898 infants died of CCHD in infancy 
  152 with missed diagnosis 
  299 with late diagnosis 
 
• >50% of CCHD deaths were attributed 
to late/missed diagnosis 
 
• 30 babies died each year secondary to 
late diagnosis  

Perspective on Importance 



Why is Detecting Newborns with CCHD Difficult? 

• Complex changes from fetal to normal circulation after birth 
• Fetal Ultrasound 
• Detection through physical examination may be < 50%  

 

Why is Detecting Newborns with CCHD Difficult? 

Cyanotic “Blind Spot” 

 
Mean threshold for detection 69%! 
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Pulse Oximetry as a Screening Method 

♥ Pulse oximetry measures oxygen saturation of hemoglobin in 
arterial blood 

♥ Non-invasive and painless test 
 

© Masimo Corporation 2011 

Pulse Oximetry as a Screening Method 



Normal Newborn Circulation 

Passing Sat 
100% 

Normal Newborn Circulation 



Failing Sat 
90% 

Hypoplastic Left Heart Syndrome Hypoplastic Left Heart Syndrome 



CCHD Screening Primary Targets 

1.Hypoplastic Left Heart Syndrome 
2.Pulmonary Atresia (with intact septum) 
3.Tetralogy of Fallot 
4.Total Anomalous Pulmonary Venous Return 
5.Transposition of the Great Arteries 
6.Tricuspid Atresia 
7.Truncus Arteriosus 

CCHD Screening Primary Targets 



Failing Sat 
93% 

Secondary Target: Pneumonia 



Granelli BMJ  
338:2009 



-13 primary                  
studies 

- 229,421 infants 
screened 

Is Pulse Oximetry Effective in Detecting CCHD? Is Pulse Oximetry Effective in Detecting CCHD? 



Research on Populations 

• 42,240 infants in 34 German 
hospitals 

• Sensitivity 78% 
• Specificity 99% 
• PPV 26% NPV 99% 
 
Riede Eur J Peds 169:2010 



 
  
- Avg. Pox Sat 
 

Rt Hand/Foot       
100% (90-100%) 
 
Difference             
0.2% (0-6%) 

 
-CCHD screening did not lead 
to a significant increase in 
echos       

CCHD Screening Feasibility in Community Hospitals 



United States Efforts  



Screening in Your Unit 



Management of Failed CCHD Screen 
Infants in Well Baby Nursery  

SpO2 < 90% Murmur or SpO2 90 – 
94% or absolute 

difference of >3% Immediate 
referral for 
cardiac eval 

and transfer to 
NICU 

Timely referral 
for cardiac 
evaluation 

Symptomatic Asymptomatic 

If CCHD is not 
identified, initiate 
sepsis/respiratory 

evaluation   

Immediate referral for 
cardiac eval and 
transfer to NICU 

(within 1 hour of fail) 

If CCHD is not 
identified, initiate 
sepsis/respiratory 

evaluation   

Cardiac Evaluation: 

Physical Examination 

Pulse Ox 

Perfusion Check  

- BP and Pulses x 4 
extremities 

ABG 

ECHO 

EKG 

   Sepsis and Respiratory     
Evaluation: 

Physical Examination 

Rectal Temperature  

Blood Culture 

CBC with Differential  

Chest X-Ray 

C-Reactive Protein 

Blood Glucose 

Lumbar Puncture 
If CCHD is Identified:  

Initiate appropriate therapy and, if 
necessary, arrange transfer. 



CCHD Screening Using Pulse Oximetry:   
National and Global Implementation 



United States Efforts  



Maryland Bill Signing May 19, 2011  

- 2011: Indiana and 
Maryland first states to 
pass CCHD screening 
legislation. New Jersey 
first state to implement 
universal CCHD 
screening.  

- 20 states enacted 
legislation in the first half 
of 2013 (rolling 
implementation dates 
during 2014 – over 80% 
of births screened by end 
of 2014)  

- 36 states total with 
legislation pending in 
many more 

United States Efforts  



Working Towards a Mandate for the District of Columbia 

• Recommendation filed 
by the Mayor’s 
Advisory Committee, 
October 2013 

 

• Support letters from all 
7 hospitals, a parent 
advocate, March of 
Dimes and Children’s 
National  

 

• Follow up with 
Department of Health 
through rulemaking 
process 



United States Efforts 2014  





*Andrew K Ewer, Anne De-Wahl Granelli, 
Paolo Manzoni, Manuel Sánchez Luna, 
Gerard R Martin 
a.k.ewer@bham.ac.uk 

Pulse oximetry 
screening for congenital 
heart defects 

European Efforts: Strategizing for a Uniform 
Recommendation 

• Germany 
• Italy 
• Netherlands 
• Spain 
• Sweden 
• UK 



Right is Right. 



CCHD Screening Using Pulse Oximetry:  
Next Hurdle - False Negatives 

27 



Regional False Negative Surveillance 

Maryland CCHD 
Advisory Council 
Initiative 
 
 

Working with: 
• Children’s National 
• INOVA Health System 
• Georgetown University 

Medical Center 
 

To evaluate why the infant 
was not identified on  
birth screening 

28 
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Diagnosis Birth Hospital Screened Pulse Ox Screen Results 
pre-ductal/post-ductal (%) 

Pulse Ox Value  
Diagnosis (%) 

Coarctation of Aorta A Yes 98/97 99  

TOF B Yes 99/97 97 

TOF/AV Canal C No Not screened at birth hospital 85 

TAPVD D Yes 95/95 84 

Coarctation of Aorta E Yes 98/96 94/84 

 

Regional False Negatives 
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Coarctation 

Passing 
Saturation  

96% 

Modified from Rudolph, 1974, Fig. 10-5 
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Coarctation 

PI less than 0.7 

Modified from Rudolph, 1974, Fig. 10-5, Fig. 10-6c 

Right Hand: 95% 
Foot: 91% 
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Ventricular Septal 
Defect 

Right Ventricular 
Outflow 

Obstruction 

Tetralogy of Fallot 

Passing 
Saturation: 

95% 

Modified from Rudolph, 1974, Fig. 12-4 
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Failing 
Saturation: 

50% 

Modified from Rudolph, 1974, Fig. 12-4, Fig. 12-3 

Tetralogy of Fallot 



34 

Passing 
Saturation: 

95% 

Total Anomalous  
Pulmonary Venous 
Drainage (TAPVD) 

Modified from Rudolph, 1974, Fig. 17-7 
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Failing 
Saturation: 

50% 

TAPVD 

Modified from Rudolph, 1974, Fig. 17-7, Fig. 17-6 
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Conclusions: 
 

 Wide inter-hospital variation in 
prenatal and antenatal detection for 
TGA and CoA 
 

 Manual linkage is impractical on a 
national basis 

 
 Need for national validated database 

or registry to raise the standard of care 
 

 Hospitals need granularity to 
understand deficiencies and institute 
actions to improve performance 



The Toolkit &  
Heart Smart Videos 

Educational 
Videos 
translated into 
these five 
languages : 



Online Resources 

Children’s National Pulse Ox Program 
www.childrensnational.org/pulseox/  

Center for Disease Control  
www.cdc.gov/ncbddd/pediatricgenetics/cchdscreening.Html  

Baby’s First Test 
http://www.babysfirsttest.com// 

Parent Advocacy Groups 
http://1in100.org/ ; www.tchin.org  

Newborn Coalition   
http://newborncoalition.com/  

ACMG CCHD ACTion Sheet  

NewSTEPs  
https://www.newsteps.org/  

http://www.childrensnational.org/pulseox/
http://www.cdc.gov/ncbddd/pediatricgenetics/cchdscreening.Html
http://www.babysfirsttest.com/
http://1in100.org/
http://www.tchin.org/
http://newborncoalition.com/
https://www.newsteps.org/


Thank You 
 

Questions? 
 
 

 
 
 

 



Contact Information 

www.childrensnational.org/pulseox 
pulseox@childrensnational.org  

 
Gerard R. Martin, MD, FAAP, FACC, FAHA 

gmartin@childrensnational.org 
 

Lowell Frank, MD 
lfrank@childrensnational.org  

 
Lisa A. Hom, RN, Esq. 

lhom@childrensnational.org 
202-476-5063 
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