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Presenter
Presentation Notes
Thank you very much for this opportunity to speak with you this afternoon on false negatives – my presentation will be brief exploration of how frequently and why false negatives occur…



Minimum Data Recommendations and Considerations 
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Birth Facility Data 
1. Patient Level Data 

• Pt Identification 
• Age in hours 
• All oximetry saturations  
• Final screening result 
• Obstacles encountered 
• Diagnostic results 

2. Screening Program Data 
• Screening protocol used 
• Type of pulse oximeter used 

Public Health Program Data 
1. Specific to mandate requirements of each state 
2. Aggregate or individual data may be specified by 

public health programs 
3. Birthing facilities required to report data 

sufficient to determine whether all eligible 
infants were screened, and information about 
evaluation performed in positive screens 

4. Ideal for positive screens: 
• Track final dx and interventions  
• Include  if infants needed transport for 

eval at birth facility and treatment 
5. Ideal for negative screens: 

• Identification of CHD could be linked 
within NBS programs 

6. Summary statistics provided by health depts and 
NBS programs to stakeholders 

Presenter
Presentation Notes
Improving the detection of false negatives is an important public health goal.  So how can we explore how often and WHY are some babies being missed by P.O. screening?  We need data and specifically will need to focus on two specific data recommendations that were published last year in Pediatrics following a stakeholders meeting in D.C. For purposes of exploring, understanding and working to eliminate false negatives I would like to emphasize two specific recommendations 1) individual pulse oximetry saturations 2) a way for CHD that is identified after a negative screen to be linked to the NBS program.



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 
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Presenter
Presentation Notes
Children’s National is a major referral center for CCHD, we worked with the DOH in Maryland to link individual P.O. sats with babies who had CCHD but were not detected by screening.  False negatives:  need a way to track these!  Babies who have CCHD but pass the screen…their O2 sats are >95% at or around 24 hours of life…Public health working with clinical specialists…to understand how high the false negative rate is and more importantly WHY are we missing babies?Birth defect and death registriesPartnering with specialists like pediatric cardiologyED, autopsy/morgue recordsDebbie Badawi, MDMedical DirectorCCHD Advisory Council Prevention and Health Promotion AdministrationMaryland Department of Health and Mental Hygiene
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Regional False Negatives & True Positives 

Diagnosis 
Birth 

Hospital Screened 
Pulse Ox Screen Results 

Pre-ductal/post-ductal (%) 

Pulse Ox 
Value 

Diagnosis (%) 

False Negatives 

CoA 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 

CoA E Yes 98/96 94/84 

True Positives 

TAPVD F Yes 88/84 

HLHS G Yes 99/60 

Presenter
Presentation Notes
Here’s what we found by systematically reviewing babies who were admitted either directly to our CICU or came in thru our cardiology out=pt clinics…Normal 95%-100%; around 80% concern over damage to heart and brain; by 60% will not sustain life…Top two would not be detected never presented with hypoxia.  99 and 97% when diagnosedTOF would likely have been detected but was not tested (protocol violation)Remaining two show dramatic decrease from >95% to mid-80s…What we are seeing from public health regional surveillance data…now let’s see the published data



Limitations of screening:  False Negatives 
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• Detection rates >90% if combine with existing identification methods 
• Sensitivity ~76% based on meta-analysis of primary studies; 20-25% of CCHD will be missed 
• Meta-analysis showed ~45%  of missed CCHD were CoA & IAA 
 

Table 1 Granelli  BMJ  338:2009 

Presenter
Presentation Notes
Over 35 types of critical congenital heart defects ~20-25% will be missed by P.O. alone – there are limitations to P.O. screening!Must be used in conjunction with existing identification methods (fetal U/S and clinical assessment)Granelli study sensitivity was only 62%!  (IAA is similar to CoA where the left ventricular outflow track is impacted – can’t get oxygenated blood out of the heart to the body…)~45% of false negatives are left sided outflow obstructions (not a primary target)Ewer 43% (3/7)Zhao 42%  5/12)Polish study 33% (1/3)Granelli 21% (3/14)



6 

1. ductus arteriosus 
 
2.  foramen ovale 
 
3.  ductus venosus 

Fetal Anatomy & 
Physiology 

Presenter
Presentation Notes
The whole system is designed to bypass the lungs and get oxygenated blood from the placenta to the body as directly as possible!The ductus arteriosus allows blood to bypass the lungs and go out to the bodyOnly 8% of total cardiac output goes thru the lungs!60% of total fetal cardiac output goes through the ductus arteriosus so it actually carries more blood than the ascending aortaPDA – connects the pulmonary artery to the aorta in a fetus over 60% of the blood goes directed through!  So than what is going thru the ascending aorta!FO- hole between the right and left ventricles that allows blood to go directly from the IVC through the atrial septum and out the body
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 In normal circumstances, functional closure in first few 

days of life 
 
 Within 4-6 weeks the newborn heart will normally be 

completely transitioned to adult structure and function 
 

Post-natal Ductal Closure 

Presenter
Presentation Notes
At birth right and left atria are roughly equal pressure but by 4-6 weeks should be adult pressures where right atrium is ¼ that of high pressure left atrium.  Gradual process largely dependent on severity of the anatomical defects and timing.
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Normal Newborn Circulation 

Presenter
Presentation Notes
We’ll trace the blood flow of a normal infant’s heart.  Blue blood from the body travels into the right side of the heart to the lungs, becomes red oxygenated blood and returns to the heart and is pumped out of the heart to the body by the left ventricle or powerhouse of the heart…Now let’s see what happens to blood flow as it moves through the heart in 4 types of defects. HLHS, CoA, TOF and TAPVR



Failing Sat 
<90% 

Hypoplastic Left Heart Syndrome Hypoplastic Left Heart Syndrome 

Presenter
Presentation Notes
Here is one of the most dangerous and commonest critical CHD, HLHS.  In this condition the left sided chambers are very small and the fetal pathways still open allowing venous blood and arterial blood to mix.  As long as these pathways remain open there are no symptoms or heart murmur.  The oxygen saturation is not low enough for the staff to detect cyanosis but the pulse oximeter tells us that the saturation is 90% and thus the child fails their test and care can be provided.Once the PDA closes the mixed red and blue blood can no longer be pumped out to the body…these infants will not survive without three stage surgical intervention.  These babies will immediately be started on PGE a special medicine to keep the duct open until surgical intervention can occur.
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Coarctation 

Passing 
Saturation  

96% 

Modified from Rudolph, 1974, Fig. 10-5 

Presenter
Presentation Notes
PDA is open blood is oxygen rich blood is able to travel through the aorta and out to the body…can be severe or moderate.  Coarctation can occur directly opposite the PDA.  Presentation as a coarc does not happen until the PDA closes.  Prior to that time, PDA can supply adequate oxygenated blood to the lower body.  Hallmark presentation is elevated upper body pressure with decreased blood flow to the lower body.Why are we missing CoA?  While the PDA is still open if the P.O. test is done there is no significant gradient and a normal presentation.
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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% 

Presenter
Presentation Notes
As it closes (this can be later than 24 hours of life) the obstruction becomes more critical and starts to shunt R to L.  Can also see some changes in the PI.Normal PI (peripheral perfusion index) is just over 1.0;  here the PDA has constricted causing a dramatic narrowing or coarctation of the aorta.  Mottled lower extremeties, poor pulses on the feet and legs, lower BP in the legs.
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Ventricular Septal 
Defect 

Right Ventricular 
Outflow 

Obstruction 

Tetralogy of Fallot 

Passing 
Saturation: 

95% 

Modified from Rudolph, 1974, Fig. 12-4 

Presenter
Presentation Notes
Combination of 4 defects but all create 1 thing:  right ventricular outflow obstruction or the blood can’t get out to the lungs!  Reliant on a VSD or hole between the ventricles.  Very dependent on severity of the defect or the degree of outflow obstruction (can have pink or blue TETs).  VDS usually present and it the shunting of blue blood into the left ventricle that results in cyanosis.Infants with pulmonary atresia will become profoundly cyanotic with the closure of the PDA.  Muscle spasms of the septum can cause cyanotic episodes which can be fatal.4 distinct characteristics:  VSD, overriding aorta, pulmonary stenosis, right ventricular hypertrophy
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Failing 
Saturation: 

50% 

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

Tetralogy of Fallot 

Presenter
Presentation Notes
TET spells of cyanosis – quite severe; shunting of blue blood which can’t go back to the lungs to get oxygenated so goes R to L and the blue blood goes out to the body.  Will hear an increased murmur as the shunting increases (progressive) and as O2 sats decrease.
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Passing 
Saturation: 

95% 

Total Anomalous  
Pulmonary Venous 
Drainage (TAPVD) 

Modified from Rudolph, 1974, Fig. 17-7 

Presenter
Presentation Notes
How is pulse oximetry missing the more complex conditions such as TAPVD?  How is this happening?  Initially there is unobstructed increased pulmonary blood flow.  As the ductus constricts and subsequent constriction of the venous ductusResulting in delayed obstruction and later occlusion.The hallmark of this defect is pulmonary veins that don’t connect to the right place.  They connect to the systemic venous system instead of the left atrium.   Lots of variations where the veins can connect to the right atrium, coronary sinus, the vertical vein or with the hepatoportal venous system. Functions similar to an ASD.  The pulmonary veins eventually drain into the right atrium.The anomalous connection can be above or below the diaphram.The opening from fetal physiology, the ductus venosus is key!  As long as the ductus venosus is open blood from the lungs can return to the systemic veins with minimal obstruction to flow.
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Failing 
Saturation: 

50% 

TAPVD 

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

Presenter
Presentation Notes
Ductus venosus typically closes dramatically when the umbilical cord is clamped and an exact reversal of high to low pressure systmes (lungs/body) occurs.  Lungs go from being very high pressure to being filled with air (low pressure).  Body goes from being the low pressure system with huge shunts moving oxygenated blood directly through the heart to the body to being a high pressure system.  (left side is the powerhouse – very muscular!  Compared to the right side which only has to circulate blood to the lungs not to the entire body (head to toe).
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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 

Presenter
Presentation Notes
Published in Nov. 2013, UK study showing wide interhospital variation in prenatal and antenatal detection for TGA and CoA over 11 year period from NICOR – Congenital (National Institutes for cardiovascular outcomes research congenital audit).  19 hospitals analyzed, overall UK showed improvement in detection rates through local and regional training programs. Overall detection rates showing improvement from 28% detection (2004-2008) to 35% detection (2011-2012)Concluding points:  P.O. is very effective and is a way of delivering equity to hospitals who are more challenged with detection pre-natal and newborn evaluation.  The only way to identify the remaining few babies is to provide granularity and link false negatives to NBS programs.
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