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Pulse Oximetry Screening Algorithm 

Child in well-infant nursery > 24hrs of age or right before discharge if < 24hrs 

Place Pulse Oximeter on Right Hand (RH) & Any Foot (F) 

< 90% in RH or F 90-94% in RH & F OR  

> 3% difference between RH & F 

≥ 95% in RH or F AND 

≤ 3% difference between RH & F 

Repeat Screen 
in 1hr 

Repeat Screen 
in 1hr 

< 90% in RH or F 90-94% in RH & F OR  

> 3% difference between RH & F 

≥ 95% in RH or F AND 

≤ 3% difference between RH & F 

< 90% in RH or F 90-94% in RH & F OR  

> 3% difference between RH & F 

≥ 95% in RH or F AND 

≤ 3% difference between RH & F 

Positive Screen Negative Screen 



Epidemiology 

 1 in 100 children have congenital heart disease 

 1-2 live births per 1000 have critical congenital 
heart disease (CCHD) 

 Late diagnosis associated with significant 
morbidity and mortality 



2009 AAP/AHA Scientific Statement 

 CCHD is not detected in some newborns until 
after their hospital discharge, which results in 
significant morbidity and occasional mortality.  

 Furthermore, routine pulse oximetry performed 
on asymptomatic newborns after 24 hours of life, 
but before hospital discharge, may detect CCHD.  

AAP/AHA Scientific Statement, 

Circulation;2009:120:447-458 



2009 AAP/AHA Scientific Statement 

 Routine pulse oximetry performed after 24 hours 
in hospitals that have on-site pediatric 
cardiovascular services incurs very low cost and 
risk of harm.  

 Future studies in larger populations and across a 
broad range of newborn delivery systems are 
needed to determine whether this practice should 
become standard of care in the routine 
assessment of the neonate. 

AAP/AHA Scientific Statement, 

Circulation;2009:120:447-458 



2009 AAP/AHA Scientific Statement 

AAP/AHA Scientific Statement, 

Circulation;2009:120:447-458 



United States Newborn Screening 

Recommendations 

 The United States Health and Human Services (HHS)  

 Secretary’s Advisory Committee on Heritable 
Disorders in Newborns and Children (SACHDNC) 

• Formed in 2003 
• Provide guidance about which conditions should 

be included in newborn and childhood screening 
programs 

• Develop systems to assure that all newborns and 
children are screened and receive appropriate 
follow-up care. 
 

• http://www.hrsa.gov/advisorycommittees/mchbadvisory/heritabledisorders/  



SACHDNC: CCHD 
Candidate condition universal screening timeline 

 20th meeting Jan 21, 2010  

• CCHD nominated & approved as candidate condition 
for inclusion in newborn screening panel (1st priority) 

 21st meeting May 14, 2010 

• Evidence review of literature - presentation 

 22nd meeting Sep 17, 2010 

• Evidence review - report on candidate nomination 

 Oct 15, 2010 SACHDNC letter to Secy recommending Pox 
screening for CCHD 

• 180 day deadline 
   



Critical Congenital Heart Disease 

Workgroup 

 SACHDNC workgroup meeting January 2011 

 Workgroup members included:  

• Pediatricians, RNs, Subspecialists; AAP, ACC, AHA,  American 
College of Medical Genetics, March of Dimes, Association of 
Maternal and Child Health Programs, Association of Public 
Health Laboratories, SACHDNC; parent screening advocates; 
state public health officials; CDC, FDA, HRSA, and NIH.   

 Also individuals who have implemented Pulse Ox 
Screening in selected newborn nurseries within 
Arkansas, California, Minnesota, New York, 
Washington, and Washington, DC.  



SACHDNC: CCHD 
Candidate condition universal screening timeline 

 23rd meeting Jan 28, 2011 

• Report from CCHD workgroup 
 Apr 21, 2011 

• CCHD screening recommendation forwarded from 
Secy to Interagency Coordinating Committee (ICC) to 
review & research impact of recommendations 
[evidence gaps, standardization of screening protocols] 
(90 days) 



August 22, 2011 AAP Strategies 

Published 

 Based on recommendations from SACHDNC 
CCHD workgroup meeting January 2011 

• Email follow up for draft development 

 Publication held pending Secretary 
recommendation 

 Fast tracked for e-publication secondary to rapid 
state legislation development as a guide for 
program development 

 http://pediatrics.aappublications.org/content/128/5/e1259.full 



September 21, 2011 

 Secretary Sebelius adds Pulse Ox Screening for 
CCHD to Recommended Universal Screening 
Panel 

 Summary of federal activities: 

• NIH fund research activities 

• CDC fund surveillance activities 

• HRSA guide development of screening standards and 
infrastructure 

• HRSA fund education and training materials 
 http://www.hrsa.gov/advisorycommittees/mchbadvisory/heritabledisorders/recomme

ndations/correspondence/cyanoticheartsecre09212011.pdf 

 



State Legislation:  

Pulse Ox Screening for CCHD 

 Passed 

• New Jersey 

• Maryland 

• Indiana 

• W. Virginia 

 Prior Bills 

• Mississippi 

• New York 

• Virginia – vetoed by Gov. McDonnell April 2012 

http://pulseoxadvocacy.com/current-legislation/ 



State Legislation:  

Pulse Ox Screening for CCHD 

 Georgia & Nebraska 

• Law requiring a study to be done on pulse ox 
screening 

 Tennessee  

• Law making it the responsibility of the Genetic 
Advisory Committee to develop a Pulse Ox 
Screening program 



State Legislation:  

Pulse Ox Screening for CCHD 

 Bills Introduced 

• Connecticut 

• California 

• Alabama 

• Florida 

• New Hampshire 

• Pennsylvania 

• Missouri 







New Jersey 

 NJ Assembly Bill A-3744. 
http://www.njleg.state.nj.us/bills/BillView.asp 

• Passed assembly 78-0 vote March 14, 2011 
• “The Commissioner of Health and Senior 

Services shall require each birthing facility 
licensed by the Department of Health and 
Senior Services to perform a pulse oximetry 
screening, a minimum of 24 hours after 
birth, on every newborn in its care.”    

 Signed to law by Governor Christie June 2, 2011 

 Screening began August 31, 2011 

http://www.njleg.state.nj.us/bills/BillView.asp










Here in Arizona… 

 AAP AZ doesn’t support legislation … yet 

• Too many variables 

• Geography 

• Rural areas 

• Access to pediatric cardiology services 

• “Fiscal Note” – could limit access to other screens 

• Hard to undo a law once in place 

• Rather generate statewide plan first 

 



Here in Arizona… 

 First hospital - Banner Good Samaritan Oct 1, 
2011 

 8 Phoenix area institutions have programs started 
or will start July 1st. 

 6+ and counting are developing programs 

 Rural institutions & Institutions at elevation are 
struggling 



Here in Arizona… 

 Banner Good Sam  Oct 1, 2011 

 Maryvale – April 2012 

 St. Josephs – April 2012 

 Banner Thunderbird & Estrella May 1st, 2012 

 Scottsdale Healthcare May 1st, 2012 

 Maricopa Medical Center June 1st, 2012 

 Paradise Valley June 18th , 2012 



Here in Arizona… 

 Arrowhead, PIMC – in progress 

 Phoenix Baptist – in progress 

 Tempe St. Lukes – in progress 

 Casa Grande Regional Medical Center – refused 

 Flagstaff – refused… for now 





BMJ 2008, 337:a:3037 



Aim 

 Identify the diagnostic accuracy of screening for 
duct dependent circulation and to compare its 
detection rate with neonatal physical examination 

 Estimate excess number of neonatal 
echocardiograms by the screening program and 
by physical exam 



Aim 

 Compare detection rate of duct dependent 
circulation in West Gotaland with other referring 
regions 

 Compare incidence of sudden death due to 
undiagnosed duct dependent circulation between 
West Gotaland and other referring regions 

 





Methods 

 Study period 

• West Gotaland July 1, 2004 – March 31, 2007 

• Total live births = 46,963 

• Referring regions Jan 1, 2004 – Dec 31, 2007 

• Total live births = 108,604 

 Measure R hand and any foot 

• Radical SET, version 4 Masimo, Irvine, CA 

• Oximeters locked 



Methods 

 Screening incorporated into nursing routines 

 Staff received 1 wk of training 

 Treating physician notified prior to exam if O2 
saturation ≤90% 

 When both pre-ductal/post-ductal sats < 95% or 
difference between 2 measurements > 3% then 2 
repeat screens were performed 1 hr apart. 

• Some only got 1 repeat screen 



Methods 

 After physical exam 

• Pediatrician completed form prior to receiving 
pulse ox results 

• no suspicion of CHD 

• weak suspicion of CHD 

• strong evidence of CHD 



Methods 

 Cohort Study 

• Compared the overall detection rate of duct 
dependent circulation of West Gotaland with that 
in other regions without pulse ox screening but 
also refer children to the same congenital cardiac 
surgery center 

• Reviewed surgical/cath data 

• Reviewed  referring hospital data 

• Reviewed  medical records of infants with duct 
dependent circulation 



Results 

 46,963 births 

• 7064 excluded (31 had CCHD) rolling start or NICU 

• 1470 excluded for technical issues or refusal 

 38,429 had complete data  

• 96.3% of those screened 

• Both pulse ox and physical exam 

• Gestational age not indicated 

 Median age @ screening – 38hrs 

 1317 screened @ 6hrs (3.3%) 



Results: Pulse Ox Screening 

 87 (0.2%) had positive screen  

• 18 (20.6%) had duct dependent circulation 

• 1 was a protocol violation 

 73 inconclusive 

• 1 pt couldn’t get pulse ox in feet and considered 
“inconclusive” had Coarctation 

 False negative = 10 of 38,259 



Results: Pulse Ox Screening 

 False positives (69): 

• 24 normal 
• 31 had significant heart malformation, lung problem or 

infection 
• 6 with PPHN 
• 10 with infection 
• 7 pulmonary pathology 
• 8 transitional circulation 

• 10 milder congenital heart disease 
• 4 had other critical congenital heart disease 

• 2 with PA/MAPCAs 
• 1 with Tricuspid Atresia w/PS 
• 1 with TAPVR 



Results: Physical Exam 

 Examining physician not blind to POX (n=55) 

• 13 had duct dependent circulation 

 38,374 blind to POX 

• 739 referred for echo (10 with duct dependent 
circulation) 

• 607 inconclusive i.e. no referral despite suspicion 
of heart disease 

• Negative 2nd examination 

• None with duct dependent circulation 

• 6 false negatives 

 



Results: Analysis 

 False positive rate for POX 0.17% 

 PPV of physical exam 1.35% vs pulse ox 20.69% 

 Physical exam alone: 

• False positives 729 (1.91%) or 10 times higher 

 





Referred for Echo based on Pulse Ox Screen 



Blinded Examination 



Discharged home without dx and echo 



Results – Cohort Population 

 Incidence: 

• W. Gotaland – 1.32/1000 births 

• Cohort – 1.00/1000 births 

 Risk of leaving hospital undiagnosed 

• W. Gotaland – 8% 

• Cohort – 28% 

 Severe acidosis at diagnosis was more common 

• W. Gotaland – 12% 

• Cohort – 33% 



Results – Cohort Population 

 Mortality of babies who left hospital undiagnosed 
4/27 (18%) vs 1/110 (0.9%) when diagnosed in 
hospital 

 Mortality – 4.6 deaths due to unrecognized duct 
dependent circulation per 100,000 live births 
from Cohort 

 



Cost Analysis 

 None performed in study 

 2.3 echos with normal findings per baby with 
CCHD. (41/18) 

 Patients with acidosis on admission have higher 
hospital costs 

 Timely diagnosis saves costs 



Archives of Disease Child 2012;97:212-226 



The Lancet Vol 378, p785 August 27, 2011  



Methods 

 6 obstetric units in the West Midlands, UK 

 Gestational age > 34 wks 

 Radical-7 Pulse Oximeter with reusable probe 
LNOPY1 (Masimo) 

 Included if antenatal testing demonstrated CHD 



Algorithm 





Conclusion 

 Pulse Oximetry Alone 

• Sensitivity 75.00% 

• Specificity 99.17% 

 Safe, feasible test that adds value to existing 
screening 

 Early detection of other non-cardiac diseases is 
additional advantage 



Archives of Disease Child 2012;97:212-226 



Cost Effectiveness Analysis 

 Compares cost of intervention to its effectiveness 
as measured in natural health outcomes. 

 Results presented in a cost effectiveness ratio 
which expresses cost per health outcome (QALY) 

 Used to: 

• Compare alternative programs with a common 
health outcome 

• Assess the consequences of expanding an existing 
program 



Cost Effectiveness Analysis 

 Compared with Cost Benefit Analysis 

• Less time and resource intensive 

• Easier to understand 

• More readily suite to decision making 



Methods 

 Decision Tree Model 

 Compared pulse ox as an adjunct to clinical exam 
vs clinical exam alone 

 Used the data and algorithm from the UK study 

 Performed a time and motion study 

 Cost of equipment & staff 

 

 

 



Methods 

 Modifications 

• Hospitals without echo – doubled cost of echo 

• Changed cost of pulse ox 

• Changed the duration of test to reflect the median of 
5 min rather than the mean of 6.9 min 

 Incremental cost-effectiveness ratios (ICERs) and 
based on outcome of cost per timely diagnosis 



Results 

 Clinical examination alone strategy 

• 91.5 cases of clinically significant CHD per 
100,000 live births 

• Cost £614,000  

 Clinical examination + Pulse Ox 

• 121.5 cases per 100,000 

• Cost £1,358,800 



Results 

 Cost to detect 29.9 additional cases 

• £744,700 

 ICER £24,900 



Cost Effectiveness Acceptability Curve 





www.thelancet.com May 2, 2012 

http://www.thelancet.com/


Results 

 Reviewed 552 studies 

 13 were eligible 

• 60% pulse oximetry of lower extremity 

• 6 studies had data with pulse oximetry < 24 hrs 

 229, 421 newborns 

• Sensitivity 76.5% 

• Specificity 99.9% 

 False Positive Rate 0.14% when checked > 24 hrs of 
age 

• Increases to 0.5% when checked < 24 hrs 



AAP Strategy for Implementation 

 NOT a guideline or protocol 

 Belief that there is a benefit to screening 

 No cost benefit analysis performed 

 Recommends echocardiogram prior to discharge 



Pulse Oximetry Screening Algorithm 

Child in well-infant nursery > 24hrs of age or right before discharge if < 24hrs 

Place Pulse Oximeter on Right Hand (RH)  & Any Foot (F) 

< 90% in RH or F 90-94% in RH & F OR  

> 3% difference between RH & F 

≥ 95% in RH or F AND 

≤ 3% difference between RH & F 

Repeat Screen 
in 1hr 

Repeat Screen 
in 1hr 

< 90% in RH or F 90-94% in RH & F OR  

> 3% difference between RH & F 

≥ 95% in RH or F AND 

≤ 3% difference between RH & F 

< 90% in RH or F 90-94% in RH & F OR  

> 3% difference between RH & F 

≥ 95% in RH or F AND 

≤ 3% difference between RH & F 

Positive Screen Negative Screen 



Frequently Asked Questions 



> 3% difference 

 Does 100% and 95% fail the screen? 

• Yes 

 Does 96% and 94% fail the screen? 

• No 



Pulse Ox Machine 

 No specific machine or brand recommended by 
FDA 

 Each machine has a lower weight limit 

 Probe placement is key – palm and foot; not 
toe/finger/wrist/ankle 

 Be sure to have good wave form 

 Motion enhanced recommended 



What about altitude? 



Purpose 

 Examine changes in oxygen saturation in well 
neonates at altitudes ranging from 4498-8150ft 

 Serial measurements: 

• 12 – 24 hrs of age 

• 36 – 48 hrs 

• 60 – 72hrs (if possible) 



Purpose 

 Questions: 

• What are differences in mean oxygen saturations 
for well neonates at altitudes between 4198 and 
8150 ft? 



Methods 

 Recorded right upper extremity and left lower extremity 

 Variable data collection: 

• Utah – SpO2 recorded with peripheral pulse was within 10% 
of infant HR 

• 6 seconds of artifact free wave form 

• Stable value for 6 seconds 

• Colorado & California – Data collector was blinded to 
results 

• Correlated audible HR on monitor with infants for 15 sec to 
verify quality 

• Waited 6 seconds and then turned monitor off 

• Info is later downloaded 





Study Conclusion 

 Compared babies at 4498ft vs > 6800ft 

 > 6800ft – normal saturation range 91-96% 

 Issues: 

• Small sample size 

• Unequal and limited sample size between 3 of 5 
sites 

• Variable data collection 



Journal of Perinatology 2011 



Conclusion 

 Wrist and ankle can be used as alternative sites to 
palm and sole 

 No difference in time to recording 

• Palm 8.6 sec vs. wrist 8.7 sec 

• Soles 8.7 sec vs. ankles 8.7 sec 



Problem 

 150 infants 

 Mean Birth Wt – 2.381 +/- 1.020 kg 

• 33 infants were < 1.5 kg 

 Mean gestational age – 34.3 +/- 4.3 wks 

 Size difference also means different probe 

 Patients are older – median age 3.5 days 



Developing a Pulse Ox 

Screening Program 



Developing a Pulse Ox Screening Program 

 Buy In 

• Clinicians 

• Fairly straightforward 

• Team of RNs, Neonatology, Cardiology and Gen Peds 

• Nursing 

• Need them to perform the test accurately 

• Administration 

• Costs associated with testing 

• Staffing 

• Length of stay 

• Hiring pediatric sonographer 



Developing a Pulse Ox Screening Program 

 Education 

• Nursing 

• Videos 

• Online tutorials 

• Clinician 

• Parents 

• Handout similar to vaccination 

• This only detects specific lesions and NOT ALL 

 



Developing a pulse ox screening program 

 Access/Availability of pediatric echocardiography 

 Other testing prior to echo? 

• EKG 

• CXR 

• Hyperoxia Test 

 Staffing in Newborn Nursery 

• Can patient wait another 24hrs? 



Tracking 

 Track test results 

• Determine false positives/negatives 

 QI 

• Make sure test is done correctly 

• Make sure echo is performed prior to discharge 

• Make sure clinical team is notified 

 Internal cost analysis 



Questions ?  



Cost Benefit Analysis 

 Incorporates theories that have been developed to 
address equity issues such as 

• Potential benefits 

• Various economic policies 

 Identifies who bears gains/costs of a project 


