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Abstract

OBJECTIVES—To report the results of and to identify problems with implementing a screening 

program to detect critical congenital heart defects (CCHDs) in newborns by using differential 

pulse oximetry (POx).

METHODS—Charts of all live-born infants from 4 Yale–New Haven health system hospitals in 

Connecticut between January 1 and December 31, 2014, were reviewed.

RESULTS—Of 10 589 newborns, 171 (1.6%) underwent an echocardiogram before screening, 10 

320 (97.5%) were screened by POx, and 98 (0.9%) were not screened. Thirteen newborns (0.1%) 

were diagnosed with a CCHD. No infants with CCHDs were identified through POx screening 

(POxS) alone. Eleven (85%) were already suspected of having a CCHD lesion on the basis of 

prenatal ultrasound, 1 (8%) was diagnosed because of clinical concern before undergoing 

screening, and 1 (8%) had a false-negative screening result, but a CCHD was identified after an 

echocardiogram was performed because a murmur was heard. Four infants with a positive POx 

screen showed noncritical cardiac lesions by echocardiogram. The majority of infants were 

screened within the recommended 24 to 72 hours of age interval and had POx screens that were 

interpreted and documented correctly. Of 10 316 infants with negative POx screens, 52.1% were 

still in the Yale–New Haven Hospital health system at 1 year of age and no CCHD lesions were 

listed in their charts.

CONCLUSIONS—Although a CCHD screening program was effectively implemented, perhaps 

because most children with a CCHD (85%) were detected antenatally by ultrasound, in our 

hospital system POxS did not lead to a substantial increase in the early identification of CCHDs.

Congenital heart disease (CHD) is the most common type of birth defect, with an estimated 

incidence of 8 to 9 cases per 1000 births.1 Approximately 25% of children with CHD have 
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critical CHD (CCHD), a structural defect associated with hypoxemia in the newborn period 

that requires surgical intervention before 1 year and, without intervention, can lead to 

significant morbidity and mortality.1,2 Pulse oximetry (POx) is a noninvasive and painless 

test that estimates the percentage of oxygenated hemoglobin in the blood and is used as a 

screening test for CCHD1,3 An echocardiogram is performed as a confirmatory test.1 POx 

screening (POxS) is expected to primarily detect lesions such as hypoplastic left heart 

syndrome, pulmonary atresia, tetralogy of Fallot, total anomalous pulmonary venous return, 

dextro-transposition of the great arteries, tricuspid atresia, and truncus arteriosus.1,4 Other 

CCHD lesions that may be detected by POxS, but not as reliably, include coarctation of the 

aorta, double outlet right ventricle, Ebstein anomaly, interrupted aortic arch, severe 

pulmonary or tricuspid valve stenosis, and single ventricle complex.1,4

Since January of 2013, hospitals in Connecticut are required by law to screen all infants for 

CCHD.5 The legislation allows hospitals discretion over the type of testing to be used. 

CCHD screening results are not reportable to the Connecticut Department of Health, but 

hospitals may be audited in the event of a concern or during a routine onsite visit.5 We 

developed a screening program for CCHD for all newborns in 4 hospitals in the Yale–New 

Haven Hospital (YNHH) system. The screening protocol was adapted from an evidence-

based algorithm proposed by the American Academy of Pediatrics, which is the basis for 

most screening protocols in newborns across the country (Fig 1).3 In the YNHH CCHD 

screening protocol, CCHD screening is considered complete if the infant has either POxS or 

an echocardiogram before hospital discharge. Infants are eligible for POxS at ≥24 hours of 

age and on room air. The recommended timing of POxS for CCHD is after 24 hours of age 

to limit false positives associated with normal variation during the newborn transition 

period1,6,7 but within 72 hours because screening after this time may be too late.6 For 

example, if there is a ductal-dependent CCHD and the duct closes, the infant may become 

symptomatic and decompensate before screening is performed. Minimum documentation in 

the electronic medical record required for each infant who undergoes CCHD screening by 

POx at the YNHH includes age at time of screening (hours), pre- and postductal oxygen 

saturation (%), interpretation of the result (positive; negative; borderline, repeat in 1 hour), 

and follow-up of any positive or borderline result.

Screening for CCHD with POx in asymptomatic newborns has been found to increase the 

detection of CCHD with good sensitivity and excellent specificity in settings in which the 

proportion of infants in whom CCHD is detected prenatally by ultrasound is relatively low.
8,9 However, the incremental benefit of screening for CCHD by POx may be lower in 

settings in which CCHD is frequently detected antenatally.2 The purpose of our study was to 

report the results of our screening program to detect CCHD in newborns and to evaluate 

problems with the implementation of the screening program, such as number of infants not 

screened, lack of follow-up of positive POx screens, screening outside of the recommended 

24 to 72 hours of life, incorrect interpretation of POx results, inadequate documentation of 

results, and false-negative POx screens.
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METHODS

We reviewed the charts of infants delivered at all 4 YNHH system hospitals between January 

1 and December 31, 2014. We defined an early and late screening as those performed at <24 

hours of age or at >72 hours of age, respectively.10 Live-born infants who died before 

CCHD screening were excluded. We reviewed the charts of infants whose CCHD screening 

result by POx was negative for any CCHD lesion diagnosed after hospital discharge and 

before 1 year of age. We included infants who remained in our electronic medical record 

system as evidenced by primary care, subspecialty, or emergency department visits in the 

first 12 months of life. The study was approved by the Yale Human Investigation 

Committee.

RESULTS

The characteristics of our sample are shown in Table 1. Eight live-born infants who died 

before CCHD screening were excluded. Of 10 589 newborns, 171 (1.6%) had an 

echocardiogram before screening because of either an abnormality detected on prenatal 

ultrasound (n = 40) or an abnormal postnatal finding (n = 131), 10 320 (97.5%) were 

screened by POx, and 98 (0.9%) did not undergo screening (96 were missed in error and 

parents refused in 2 instances). Thirteen newborns (0.1%) were diagnosed with CCHD, all 

of whom had an echocardiogram because of either an abnormal prenatal ultrasound (11; 

85%) or a heart murmur (2; 15%). Of the 2 evaluated because of a heart murmur, 1 infant in 

whom the murmur was heard at <24 hours of age was found to have total anomalous 

pulmonary venous return and the other infant, who had had a POxS result in the NICU that 

was negative at day of life 10 and in whom the murmur was heard at day of life 13, was 

found to have coarctation of the aorta. For this newborn, although there was not an oxygen 

gradient (99% preductal and 100% postductal), there were decreased femoral pulses on 

physical examination and a ≥30 mm Hg gradient in blood pressures (right upper extremity: 

99/49; left upper extremity: 85/54; left lower extremity: 67/44; and right lower extremity: 

63/42). Pediatric Cardiology thought that this was a “critical” cardiac lesion because the 

newborn required prostaglandin and, in the absence of early detection, the newborn could 

have presented in cardiogenic shock. Surgical repair was performed at age 1 month.

No infants with CCHD were identified through POxS alone. The CCHD lesions in the other 

11 infants included hypoplastic left heart syndrome (n = 3), tetralogy of Fallot (n = 2), 

dextro-transposition of the great arteries (n = 2), tricuspid atresia (n = 1), double outlet right 

ventricle (n = 2), and single ventricle complex (n = 1). Of 10 320 infants screened by POx 

alone, only 4 infants (0.04%) had positive POxS results, all of whom were found to have 

non-CCHD lesions on echocardiogram (Table 2, Fig 2).

Only 98 infants (0.9%) did not have CCHD screening documented before hospital discharge 

(96 were erroneously not screened and the parents of 2 infants refused screening). Four 

infants with positive POxS results were found to have non-CCHD lesions on 

echocardiogram. All 4 infants subsequently had outpatient follow-up with pediatric 

cardiology.
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Of 10 316 infants with negative POxS at the time of birth, we were able to review 

postdischarge records of 52.1% (n = 5367) of them and none had evidence of CCHD at that 

time. Six infants had died and diagnosis at time of death was sudden unexpected infant death 

(n = 4), complications from Otohara syndrome (n = 1), and complications from spinal 

muscular atrophy type 1 (n = 1). The infant with spinal muscular atrophy type 1 had a 

normal echocardiogram.

Of the 10 320 infants who underwent screening, 9799 (94.9%) were screened between 24 

and 72 hours. Of the other 521 infants (5.1%), 389 represented delayed screens (screened at 

>72 hours of age) and 132 were early screens (screened at < 24 hours of age). Most infants 

with POxS completed after 72 hours of age (94.1%) had been admitted to the NICU. The 

median age at screening for infants with delayed screens was 7 days, with a maximum of 

104 days.

Incorrect interpretation of results (eg, screening results classified as normal when abnormal 

or vice versa) was uncommon (0.1%). Of 10 320 infants screened by POx, 6.5% (n = 635) 

did not have all components of minimum documentation required in the YNHH protocol.

DISCUSSION

More than 99% of newborns at our hospitals were successfully screened for CCHD. Most 

CCHD lesions in our study population were detected prenatally and no CCHD lesions were 

detected by POxS alone. Only 4 infants had positive POxS results. All 4 were found to have 

noncritical CHD lesions. The rate of false-positive results (0.04%) was low compared with 

rates (0.3–0.5%) reported in some other studies,8,9 but is similar to the false-positive rate of 

0.05% reported in newborns screened after 24 hours of life,9 which is when screening was 

performed in our program. The infant who was diagnosed with coarctation of the aorta after 

a negative POxS result is an important reminder of the limitations of POxS for CCHD. 

Clinicians need to have a high index of suspicion for lesions such as coarctation of the aorta 

that may not reliably be detected by POxS.

Although none of the infants with a positive POxS had a CCHD lesion, all 4 did have non-

CCHDs (Table 2). There are potential benefits of POxS in identifying non-CCHDs but yet 

clinically important conditions such as septal defects. Surveillance and reporting of non-

CCHD lesions detected by POx will provide additional information that may expand the list 

of conditions targeted by POxS.11

For the majority of infants who underwent POxS, the screening was completed as 

recommended with few missed screens and appropriate follow-up of positive screens. 

Infants should be placed on room air before POxS for this screening to perform optimally. 

The majority of screens performed at >72 hours of life occurred in infants who had been 

admitted to the NICU and were receiving supplemental oxygen. Goetz et al12 found similar 

results in their NICU population, with 67.4% of infants screened at >48 hours due to oxygen 

requirements. Other studies have highlighted problems with POxS in the NICU,12–14 and 

this is an area that requires further study to develop an optimal screening protocol.
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All components of POxS results (age at time of screening [hours], pre- and postductal 

oxygen saturation [%], interpretation of the result [positive; negative; borderline, repeat in 1 

hour], and follow-up of any positive or borderline result) were documented in most 

instances. Recording the results of POxS so that it is useful to the clinician is more complex 

than those of hearing or metabolic screening. For example, it is important that the specific 

oxygen saturations are recorded and interpreted correctly because failure to do so can affect 

clinical decision-making.

There are some limitations to our study. We were able to conduct longer-term follow-up to 

see if CCHD was detected in any of the infants in only approximately half of the newborns, 

because many did not have records of subsequent visits in the YNHH health system through 

1 year of age. However, it is likely that most (many of whom would be seeing their own 

pediatricians in the immediate area) would have returned to our hospital system if CCHD 

had been diagnosed. Of 6 infants who died, 4 deaths were due to sudden unexpected infant 

death. In discussions with physicians directly involved with these 4 cases, the deaths were 

attributed to unsafe sleep conditions.

In summary, we successfully implemented CCHD screening in our large tertiary care 

hospital system. Due to a high percentage of antenatal detection in our center (85%), POxS 

may not lead to a substantial increase in the early identification of CCHD in our population, 

although hospitals with lower rates of antenatal detection of CCHD may find POxS to be an 

important method to increase early detection of CCHD. Data on the cost-effectiveness of 

CCHD screening in the United States are becoming available.16 It will be important to 

assess the cost-effectiveness of POxS in hospitals with different rates of antenatal detection 

of CCHD.
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FIGURE 1. 
YNHH CCHD screening algorithm adapted from the American Academy of Pediatrics.10 R, 

right.
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FIGURE 2. 
Results of the CCHD screening program.
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TABLE 1

Subject Characteristics

Value

Total number 10 589

Sex, n (%)

 Male 5394 (51.0)

 Female 5195 (49.0)

Gestational age, n (%)

 Term (>37 weeks) 9584 (90.5)

 Late preterm (35–37 weeks) 559 (5.3)

 Preterm (<35 weeks) 446 (4.2)

Birth weight, n (%)

 AGA (2500–4000 g) 8802 (83.0)

 LGA (>4000 g) 980 (9.3)

 SGA (<2500 g) 807 (7.6)

Screening location, n (%)

 Well nursery 9484 (89.6)

 NICU 1040 (9.8)

 Inpatient pediatric unit 65 (0.6)

Infant race,a n (%)

 White 5556 (53.5)

 Otherb 2165 (20.4)

 Black or African American 1642 (15.5)

 Asian 479 (4.5)

 Unknown 747 (7.1)

Infant ethnicity,a n (%)

 Non-Hispanic 7844 (74.1)

 Hispanic or Latino 2211 (20.9)

 Unknown 534 (5.0)

AGA, appropriate for gestational age; LGA, large for gestational age; SGA, small for gestational age.

a
Infant race and ethnicity were obtained from the medical record and are as self-reported by the mother at the time of admission to the hospital.

b
“Other” includes those reported by the mother as “Other” as well as Native Hawaiian or Other Pacific Islander, American Indian, or Alaska 

Native.
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TABLE 2

Infants with Positive CCHD Screening by POxS

Infant

1 2 3 4

Gestational age, wk 39 2/7 40 4/7 41 2/7 38

Birth weight, kg 4.14 4.43 3.32 3.33

Age at screening, h 25 27 31 24

Preductal oxygen saturation, % 93 84 99 99

Postductal oxygen saturation, % 100 95 89 86

Main echocardiogram 3ndings Small atrial septal 
defect, patent ductus 

arteriosus

Moderate–large atrial 
septal defect

Patent foramen ovale, 
patent ductus arteriosus, 
right ventricle dilation

Moderate tricuspid 
regurgitation, severely 
elevated right ventricle 

pressure

N = 4.
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