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Abstract

IMPORTANCE Congenital heart disease (CHD) is the most common congenital malformation in
humans worldwide. Circulating cardiovascular biomarkers could potentially improve the early
detection of CHD, even in asymptomatic newborns.

OBJECTIVES To assess the performance of a dried blood spot (DBS) test to measure the
cardiovascular biomarker amino terminal fragment of the prohormone brain-type natriuretic peptide
(NT-proBNP) levels in newborns and to compare DBS with standard EDTA analysis in control
newborns during the first week of life.

DESIGN, SETTING, AND PARTICIPANTS This diagnostic study was conducted in a single regional
pediatric service in southern Sweden. Healthy, term neonates born between July 1, 2018, and May 31,
2019, were prospectively enrolled and compared against retrospectively identified newborns with
CHD born between September 1, 2003, and September 30, 2019. Neonates who required inpatient
treatment beyond the standard postnatal care were excluded.

EXPOSURE New DBS test for NT-proBNP quantification in newborns that used 3 μL of blood vs the
current screening standard.

MAIN OUTCOMES AND MEASURES Performance of the new test and when combined with pulse
oximetry screening was measured by receiver operating characteristic curve analysis. Performance of
the new test and EDTA screening was compared using Pearson linear correlation analysis.

RESULTS The DBS samples of 115 neonates (81 control newborns and 34 newborns with CHD, of
whom 63 were boys [55%] and the mean [SD] gestational age was 39.6 [1.4] weeks) were analyzed.
The new NT-proBNP test alone identified 71% (n = 24 of 34) of all CHD cases and 68% (n = 13 of 19)
of critical CHD cases as soon as 2 days after birth. Detection of any CHD type improved to 82%
(n = 28 of 34 newborns) and detection of critical CHD improved to 89% (n = 17 of 19 newborns)
when combined pulse oximetry screening and NT-proBNP test results were used. Performance of the
NT-proBNP test was excellent when control newborns were matched to newborns with CHD born
between July 1, 2018, and May 31, 2019 (area under the curve, 0.96; SE, 0.027; 95% CI, 0.908-1.0;
asymptotic P < .05).

CONCLUSIONS AND RELEVANCE This study found that NT-proBNP assay using minimal DBS
samples appears to be timely and accurate in detecting CHD in newborns and to discriminate well
between healthy newborns and newborns with various types of CHD. This finding warrants further
studies in larger cohorts and highlights the potential of NT-proBNP to improve neonatal CHD
screening.
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Key Points
Question Could a new test that

measures the cardiovascular biomarker

amino terminal fragment of the

prohormone brain-type natriuretic

peptide (NT-proBNP) using dried blood

samples be used to identify neonates

born with congenital heart

disease (CHD)?

Findings In this diagnostic study of 115

newborns in Sweden, a fully automated

diagnostic assay for NT-proBNP

quantification was developed that used

3 μL of dried blood spot samples. This

new test discriminated well between

newborns with CHD and control

newborns.

Meaning Results of this study suggest

that the new NT-proBNP test warrants

further evaluation in larger cohorts to

assess its ability for universal detection

of CHD through established newborn

screening programs.
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Introduction

Congenital heart disease (CHD) affects approximately 1 in 125 newborns and is the most common
congenital malformation in humans, causing substantial morbidity and mortality rates worldwide.1-3

This prevalence has led to the development of highly specialized services with favorable surgical
mortality outcomes, which are largely attributed to centralized pediatric cardiac centers and
dedicated intensive care units.4

To improve the early identification of CHD, maternity services have implemented prenatal
ultrasonography screening programs. Prenatal CHD detection has been associated with improved
perinatal care in critical cases, but these screening efforts remain imperfect even in high-income
countries.5-10 Delayed CHD diagnosis is associated with increased perioperative morbidity and
mortality.11,12 Critical CHD remains associated with risk of sudden cardiovascular collapse after
discharge from maternity services.11,13 Early postnatal detection of CHD can be improved through
standardized clinical examination protocols, but evaluation of newborns with CHD requires clinical
experience because of neonates’ transition from fetal to postnatal circulation.14 Aortic arch
obstructions from a slowly closing ductus arteriosus without apparent femoral pulse deficit or only
mild cyanosis may go unnoticed.15 Pulse oximetry (POX) screening has been recommended as a
complement to clinical examination because it may help to detect critical CHD.16-18 Pulse oximetry
screening is based on measuring oxygen saturations in the right arm (preductal) and lower
extremities (postductal) approximately 6 to 24 hours after birth to identify cyanosis (<95%
saturation) or a greater than 3% saturation difference between preductal and postductal
measurements. If the newborn has a positive screen result (in this study, positive is defined as a
problem identified, whereas negative indicates no problem), prompt neonatal assessment and
subsequent echocardiographic evaluation are paramount. In this setting, some neonates with even
minor hypoxemia owing to delays in adaptation from the fetal circulation or those with primary
pulmonary disease will inevitably have positive screen results. This finding has raised questions
regarding the ability of POX to detect critical CHD.19 No prospective studies have been performed on
the POX screening method used solely for identifying pulmonary disease.20,21 Although concerns
remain that POX screening is imperfect for uncovering CHD lesions involving a duct-dependent
systemic circulation, the method has become a widespread tool for detecting critical CHD in many
health care systems.15,22

Given that screening for all types of CHD remains challenging, we focused on the established
dried blood spot (DBS) method in newborns. The DBS analysis has been part of neonatal screening
programs around the world for many decades and is mainly used to find inborn errors of
metabolism.23-28

Circulating biomarkers of heart disease have been studied in adults with congestive heart
disease and in small groups of infants and children with various cardiovascular pathologies, and
natriuretic peptides have been implicated in the pathophysiological origins of heart failure. The
amino terminal fragment of the prohormone brain-type natriuretic peptide (NT-proBNP) test has
been used in adults with cardiac failure.29 Evidence has found that the NT-proBNP test is useful in
infants who require neonatal intensive care, children with pulmonary hypertension and
cardiomyopathies, and children with various types of CHD.30-37 Small studies on the use of natriuretic
peptides in children have been published.38-40

To our knowledge, no study has addressed the NT-proBNP test as a universal tool for detecting
CHD in newborns using DBS samples. This pilot study was conducted to validate a new DBS
NT-proBNP assay. We aimed to compare DBS with standard EDTA analysis in healthy newborns
(controls) during the first week of life. The DBS method was then used to test the hypothesis that
CHD cases express substantially higher levels of NT-proBNP. We were particularly interested in
neonates who were born with critical CHD and in those who were discharged home after birth
without symptoms suggestive of CHD.
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Methods

This diagnostic study was conducted in a single regional pediatric service in the designated health
care region of Jönköping in southern Sweden in accordance with the ethical principles of the
Declaration of Helsinki.41 It was approved by the regional ethics committee of Linköping. Written
informed consent was obtained from parents or guardians. We followed the Standards for Reporting
of Diagnostic Accuracy (STARD) reporting guideline. Data collection was planned prospectively, and the
data collection process and eligibility criteria are summarized in the eAppendix in the Supplement.

CHD Background Evaluation and Newborn Enrollment
Before the study commenced, we reviewed national incidence and outcomes data of CHD from the
2009 to 2017 published reports by the Swedish Registry of Congenital Heart Disease.42 To better
understand current standard screening practices, we obtained internal departmental audit data
summaries from the pediatric service for the 5.5-year period (2008-2013) after POX screening
implementation.

Recruitment for the study was advertised, and enrollment was based on convenience sampling.
Timing of DBS screening using standard protocols coincided with routine newborn blood screening
more than 48 hours after birth during the first week of life. We prospectively enrolled healthy, term
newborns born from July 1, 2018, to May 31, 2019, and we excluded neonates who required inpatient
treatment beyond the standard postnatal care according to local guidelines given that these
newborns were not candidates for timely postnatal hospital discharge. We retrospectively identified
newborns with CHD born between September 1, 2003, and September 30, 2019. Newborns who
were scheduled for routine outpatient clinical reviews during this time frame were approached when
their families showed interest. We had no prior knowledge of which newborns with CHD were
scheduled for clinical reviews.

The CHD diagnosis was confirmed by echocardiography. Control newborns were followed-up
for a minimum of 1 year using electronic patient records covering routine checkups and additional
medical consultations. The laboratory staff was blinded to clinical details.

NT-proBNP Test
To compare the new test with current screening standards, we offered the NT-proBNP assay, using
approximately 500 μL of blood for EDTA sampling, to all parents of newborns in the control group at
the time of DBS screening. EDTA blood analyses were performed based on previously published
methods using the Elecsys proBNP II assay (Roche Diagnostics).43 A safety cutoff value chosen for
the detection of CHD in newborns in the control group using same-day analyses was 12 000 ng/L,
based on published references.33,39 Patients who exceeded this cutoff level were examined with
echocardiography performed by a pediatric cardiologist (H.C.) within 24 hours. Stored DBS samples
for CHD cases were retrieved from the national newborn screening laboratory biobank in Sweden.
These samples were stored at 4 °C with 30% humidity, whereas subsequent samples were stored at
–20 °C.

A fully automated immunoassay for NT-proBNP measurement from DBS samples was
developed. Microtitration strips 96-well format (Nunc; ThermoFisher Scientific) were coated with
anti-NT-proBNP mouse monoclonal IgG antibody (HyTest Ltd). Monoclonal tracer antibody (HyTest
Ltd) was labeled with europium chelate. Excess amount of chelate was incubated with antibody
overnight, and Eu-labeled antibody preparation was purified using a chromatography system (Äkta
Prime; GE Healthcare) with a separation column (Superdex 200 10/300 GL gel filtration column; GE
Healthcare). The final product was stabilized with diethylenetriaminepentaacetic acid-bis
(stearylamide) and was filtered with a 0.22-μm sterile syringe filter (Millex-GV; Millipore). To prepare
the DBS calibrators, we mixed artificial serum (0.9% [weight/volume] NaCl solution supplemented
with a 350-μM sucrose solution) into the washed red blood cells (Diaserve Laboratories). The
hematocrit in this mix was checked with a hematology analyzer (Coulter Ac · T diff Hematology
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Analyzer; Beckman Coulter). Red blood cell preparation was spiked with the following NT-proBNP
concentrations: 0, 300, 1000, 3000, 10 000, and 30 000 ng/L. The blood spots were prepared by
final dilutions of 75 μl per spot onto filter paper (Whatman 903; Whatman). The filter paper sheets
were dried overnight and then packaged and sealed in airtight foil bags with 2-g silica desiccant
packets (MiniPax; Multisorb Technologies Inc) for storage at –20 °C until use.

From the DBS samples or calibrators, 3.2-mm disks were punched (using DELFIA DBS Puncher
1296-071; PerkinElmer) with 3 μl of blood into wells coated previously with anti-NT-proBNP antibody.
The plate was assayed with a high throughput batch analyzer (GSP Instrument; PerkinElmer). An
elution buffer volume of 150 μl per well was added to 75 ng per well tracer antibody in 5 μl and, when
plated, was incubated for 3 hours. Next, DBS samples were removed, the plate was washed 4 times,
the inducer solution was added (200 μl/well), and the signal was measured.

Statistical Analysis
Anonymized clinical data were collected and entered into an electronic database for statistical
analysis using SPSS, version 26 (IBM); TIBCO Spotfire, version 7.11.1 (TIBCO Software Inc); and R,
version 3.5.1 (R Foundation for Statistical Computing). Diagnoses were based on International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision codes and verified
against electronic patient and echocardiographic records.4,44 We anticipated that 5% of control
newborns and at least 25% of newborns with CHD would have NT-proBNP levels greater than 12 000
ng/L. Enrollment was at a 1:3 case to control ratio. To achieve 80% power with α = .05, we calculated
the number of control newborns (n = 85) and newborns with CHD (n = 28) for a total of 113. In
addition, NT-proBNP test data were logarithmically transformed to achieve symmetrical distribution
and to allow for direct comparison with previously published references. Results were expressed in
percentages, means (SD), or medians (interquartile range [IQR]). Pearson linear correlation analysis
was used to compare the performance between the NT-proBNP test and EDTA screening. Bland-
Altman analysis was performed to analyze agreement between the 2 screening tests. Performance
of the NT-proBNP test and when it was combined with POX screening was measured by receiver
operating characteristic (ROC) curve analysis. A 2-sided P < .05 was considered to be statistically
significant.

Results

The new DBS NT-proBNP assay was evaluated in 115 newborns, of which 81 were control and 34 were
case patients, and 63 were boys (55%) and 52 were girls (45%) with a mean (SD) gestational age of
39.6 (1.4) weeks (Figure 1 and Table 1). Of the 34 patients with CHD, 3 newborns in the control group
were found to have minor CHD. Neither gestational age nor Apgar scores at 1 to 10 minutes were
substantially different between control newborns and those with CHD. The group with CHD
compared with the control group had a higher percentage of male neonates (68% [n = 23 of 34] vs
49% [n = 40 of 81]; P = .11) and cesarean deliveries (21% [n = 7 of 34] vs 9% [n = 7 of 81]; P = .23),
although this composition did not statistically significantly affect NT-proBNP test results. No
neonates were lost to follow-up, and all were alive at the end of the study period (July 1, 2020); no
additional cases of CHD were identified among control newborns during the 1-year follow-up. Group
characteristics are summarized in Table 1, and additional clinical data are available in the eAppendix
in the Supplement.

CHD Background in the Study Setting
During the study (July 2018 to June 2020), 2030 to 2041 annual deliveries occurred at the
participating hospital, representing approximately 50% of all births in the designated Swedish region
(approximately 350 000 inhabitants), and 102 newborns were diagnosed with CHD in the region.
Based on annual reports of the Swedish Registry of Congenital Heart Disease, no substantial national
changes in CHD incidences have been observed, and 30-day mortality after pediatric cardiac surgery
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has remained at approximately 2%.4 Detection of prenatal CHD has varied in the study region, with
greater than 80% of single ventricles identified, whereas detection of coarctation of the aorta has
remained challenging with less than 20% of cases identified. Between 2014 and 2017, the combined
rate of prenatal CHD diagnoses was 55% in the region (n = 18 of 33 newborns); these diagnoses
included single ventricles; atrioventricular septal defects; lesions with large ventricular septal defect
and overriding aorta, such as Fallot tetralogy; transposition of the great arteries; severe aortic valve
disease; heterotaxy lesions; and Ebstein anomaly. In 8 of 34 newborns (24%), diagnosis of CHD
affected delivery planning.

Universal POX screening was implemented in the Jönköping region in 2008, and initial program
review of the first 5.5 years of implementation identified 8 newborns with critical cases of CHD.
False-negative results in patients with duct-dependent pulmonary circulations were not found. One
newborn with duct-dependent systemic circulation was missed. Two critical CHD deaths occurred
after POX screening implementation. False-positive POX screening results associated with technical
problems or protocol violations (n = 6) were observed primarily in the first year of implementation.
The estimated number of echocardiographies needed to identify critical CHD was 6. This number
decreased to approximately 3 when other clinically significant cardiovascular findings, such as
persistent pulmonary hypertension, in the newborn were taken into account.

Figure 1. Study Flow Diagram for Control and Congenital Heart Disease (CHD) Groups

Control patients included for 
NT-proBNP analyses

A Known cases of CHD included and 
excluded for DBS analyses of NT-proBNP

B

85 Clinically well newborns recruited 
for prospective blood sampling

1 Excluded
No blood sample taken for 
routine newborn screening 
during first week of life

84 Had DBS sample 
available for batched 
analysis

81 Had EDTA sample 
available for 
same-day analysis

0 Lost to follow-up
or death

3 Had DBS NT-proBNP 
value >12 000 ng/L

3 Had EDTA NT-proBNP
value >12 000 ng/L

31 Newborns with
CHD recruited
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No blood sample 
taken for routine 
newborn screening 
during first week 
of life

31 Had DBS sample 
available for 
batched analysis

0 Lost to follow-up 
or death

20 Had DBS NT-proBNP 
value >12 000 ng/L

A, Two of 3 newborns with dried blood spot (DBS)
results greater than 12 000 ng/L had minor congenital
heart disease (CHD) (ie, patent ductus arteriosus,
ventricular septal defect), and these results were
identical to those identified by EDTA blood analyses; 1
result was a false positive. Three asymptomatic
newborns with minor CHD were identified by EDTA
amino terminal fragment of the prohormone brain-
type natriuretic peptide (NT-proBNP) analyses using
the initial cutoff at 12 000 ng/L based on previous
references. B, DBS sampling was accidentally delayed
by several weeks after heart surgery in 1 case of
transposition of the great arteries. Exclusion did not
alter the overall results of the study.

Table 1. Summary of Patient Characteristics Included in the Study

Characteristic

Mean (SD)

Control newborns (n = 81) Newborns with CHD (n = 34) Total (N = 115)
Male sex, No. (%) 40 (49) 23 (68) 63 (55)

Cesarean delivery, No. (%) 7 (9) 7 (21) 14 (12)

Gestational age, wk 39.7 (1.4) 39.2 (1.4) 39.6 (1.4)

Birth weight, g 3505 (476) 3391 (555) 3471 (501)

Body surface area, m2 0.22 (0.02) 0.22 (0.02) 0.22 (0.02)

Apgar scorea

At 1 min 8.8 (0.9) 9.0 (1.2) 8.9 (1.0)

At 5 min 9.9 (0.3) 9.6 (0.9) 9.8 (0.6)

At 10 min 10.0 (0.2) 9.8 (0.5) 9.9 (0.3)

Abbreviation: CHD, congenital heart disease.
a Apgar score ranges from 1 to 10, with a score of 7 or

higher considered within normal limits of health for a
newborn directly after birth.
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DBS and EDTA Analyses of NT-proBNP Test
Four of 84 families (5%) either declined to participate in EDTA blood sampling or were deemed by
phlebotomy staff as not suitable for blood sampling. A comparison of DBS and EDTA screening
performance using Pearson linear correlation analysis showed excellent positive correlation (80
samples; r = 0.93; P < .01) (Figure 2A). Bland-Altman analysis showed good agreement for standard
EDTA blood vs DBS screening for NT-proBNP in healthy term neonates (bias [SD], 3.329 [0.172]; 95%
CI, −0.341 to 0.331), making the DBS assay suitable for quantification across a wide range of values
(Figure 2C). Median (IQR) DBS values in control newborns decreased in the first few days of life (day
2: 3921 [2946-5475] ng/L; day 3: 1524 [1150-2300] ng/L; day 4: 608 [438-802] ng/L) (Figure 2B).

Figure 2. Comparison of Screening Methods for Amino Terminal Fragment of the Prohormone Brain-Type
Natriuretic Peptide (NT-proBNP)
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The median (IQR) DBS value was 1900 (1100-4000) ng/L for control newborns and 17 240 (4735-
26 940) ng/L for newborns with CHD (Figure 2D). The DBS samples from newborns with CHD
showed statistically significantly elevated NT-proBNP levels (P < .05). Measured NT-proBNP
concentrations in different CHD types are detailed in the eAppendix in the Supplement.

The NT-proBNP cutoff value of greater than 12 000 ng/L in control newborns identified 3
asymptomatic neonates, and cardiac review revealed 1 case of ventricular septal defect and 2 cases
of patent ductus arteriosus (PDA) in these neonates that required further cardiac follow-up.
Echocardiographic findings were confirmed by a second experienced pediatric cardiologist (P.L.) who
was not aware of the initial CHD diagnoses.

Among the 9 initially asymptomatic newborns with CHD after birth who required surgical
cardiac treatment within 6 months, 6 (67%) had NT-proBNP levels greater than 12 000 ng/L. Among
the 11 asymptomatic newborns with CHD and NT-proBNP levels less than or equal to 12 000 ng/L, 2
(18%) had potentially critical CHD. These newborns had late presentations of coarctation of the aorta
and survived to cardiac treatment.

Combined NT-proBNP Test and POX Screening
In this diagnostic study, 24 of 34 CHD cases (71%) and 13 of 19 critical CHD cases (68%) could be
identified by elevated DBS NT-proBNP test results alone. When POX screening and NT-proBNP test
results were combined, detection of any CHD type improved to 82% (28 of 34 cases) and detection
of critical CHD improved to 89% (17 of 19 cases) (Table 2). The DBS assay performed well, achieving
an area under the curve (AUC) of the ROC curve of 0.86 (Figure 3A). For the DBS NT-proBNP test
alone, the AUC was 0.87 (SE, 0.041; 95% CI, 0.792-0.952; asymptotic P < .05). For the combined
NT-proBNP test and abnormal POX screening, the AUC was 0.93 (SE, 0.032; 95% CI, 0.865-0.989;
asymptotic P < .05). The AUC was 0.83 for sampling day 2 (n = 50), 0.92 for sampling day 3 (n = 44),
and 0.96 for sampling day 4 (n = 18) (ROC plots not shown in Figure 3). The AUC improved to 0.96
(SE, 0.027; 95% CI, 0.908-1.0; asymptotic P < .05) when control newborns were matched to
newborns with CHD who were born between July 1, 2018, and May 31, 2019 (Figure 3B). The final
ROC plot suggested an optimized NT-proBNP test cutoff for the detection of any CHD at 8550 ng/L
(eAppendix in the Supplement).

Discussion

To our knowledge, this study provides the largest prospective data set on NT-proBNP levels in
clinically healthy, term newborns on days 2 to 4 of life; however, the observed variation in control
newborns and newborns with CHD needs further exploration to optimize timing and improve cutoff
values of DBS NT-proBNP screening. Dried blood spot screening poses several technical challenges
owing to hematocrit and conformational protein changes during the drying process.45,46 Slow
degradation of cardiovascular biomarkers in stored DBS samples over longer periods has been
reported.47 We assumed a –1% decrease in NT-proBNP levels per year and applied the same DBS

Table 2. Identification of Congenital Heart Disease Cases

Screening method

No. (%)

All CHD (n = 34) Critical CHD (n = 19)
Prenatal diagnosis alone 8 (24) 7 (37)

Postnatal examination alone 18 (53) 12 (63)

Postnatal POX alone 9 (26) 7 (37)

Combined prenatal diagnosis, postnatal examination, and POX 20 (59) 14 (74)

DBS NT-proBNP >8550 ng/L alone 24 (71) 13 (68)

Combined DBS NT-proBNP >8550 ng/L and POXa 28 (82) 17 (89)

Cases missed by prenatal and postnatal screening but found by DBS
NT-proBNP >8550 ng/L alone

8 of 14 (57) 2 of 5 (40)

Abbreviations: CHD, congenital heart disease; DBS,
dried blood spot; NT-proBNP, amino terminal fragment
of the prohormone brain-type natriuretic peptide;
POX, pulse oximetry.
a Postnatal clinical examination did not result in

identification of additional cases.
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sample storage conditions to all the study groups. Still, this assumption may have underestimated
the degradation in older samples given that matched batch analyses in DBS samples from 2018 to
2019 led to excellent discrimination compared with older CHD samples.

Although data on gestational age, birth weight, and Apgar scores were similar between groups,
male predominance was observed in the CHD group, which is consistent with findings in published
reports.1 We saw a higher percentage of newborns with CHD who had cesarean delivery, but this
study was not designed to evaluate reasons for this finding, and mode of delivery had no implications
for test results. Noncardiac disease, such as perinatal hypoxemia, persistent pulmonary
hypertension, and sepsis, may be associated with cardiovascular biomarkers.48-50 Gestational age
plays a role in NT-proBNP levels, as demonstrated in premature neonates with and without PDA (the
pattern of NT-proBNP levels is higher in neonates with PDA than in those in whom the PDA is closed),
and NT-proBNP levels seem to follow a similar postnatal pattern in term neonates (in whom the levels
decline over the first few days of life).51,52 We did not recruit premature neonates or those who
required neonatal inpatient care, populations in which the new test warrants further evaluation.

The need to adhere to guidelines to optimize newborn screening programs has been
reviewed.46 Maternity staff at the participating hospital largely adhered to the guidelines, and we
observed only 1 control newborn whose screening was missed initially and 1 newborn with CHD
whose screening was performed more than 3 weeks after birth; neither case altered the overall
findings. Because of maternally reported health care evaluations and the costs of inpatient care, a
pattern toward early discharge after uncomplicated deliveries has emerged, which may increase the
likelihood that CHD goes undetected early after birth because of variations in ductal closure.53

Screening programs must adapt to this possibility, and the DBS test may serve as a solution even
though NT-proBNP levels remain variable during the initial postnatal phase. The observed downward
pattern of NT-proBNP levels in control newborns supports previously published data.38,54

The new DBS NT-proBNP test was comparable to current screening standards and minimized
blood requirements to 3 μl. We identified 68% of newborns with critical CHD based on elevated

Figure 3. Receiver Operating Characteristic Curves for Dried Blood Spot Analyses of Amino Terminal Fragment of the Prohormone Brain-Type
Natriuretic Peptide (NT-proBNP)
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NT-proBNP levels alone. Combined POX screening and NT-proBNP test identified 82% of all CHD
cases and 89% of critical CHD cases, outperforming current screening methods. These results
suggest that cardiovascular biomarkers in neonates can be used for timely and accurate identification
of CHD and may even prove valuable in settings with limited health care resources by offering
centralized screening for CHD through established newborn screening programs.

Limitations
This diagnostic study was relatively small, and the timing of DBS screening varied slightly because we
wanted to reflect common clinical practice during the first week of life and minimize the need for
additional painful blood sampling in newborns. We cannot fully exclude the possibility of selection
bias when families were approached for study inclusion. We tried to mitigate this bias by preselecting
the days for recruitment without prior knowledge of which control newborns or newborns with CHD
were available for enrollment. Echocardiography was not performed in all control newborns because
of resource limitations, and we cannot rule out the possibility of minor CHD going unnoticed in this
group, but no late CHD presentations were seen in the first year of life.

Conclusions

In this diagnostic study, the performance of a newly developed DBS screening test for measuring
NT-proBNP levels using a minimal amount of blood was examined. Additional reference values were
established for days 2 to 4 of life, reflecting the timing of common newborn screening programs.
The DBS NT-proBNP test discriminated well between healthy newborns and newborns with various
types of CHD, including critical lesions. This new test warrants further investigation in larger neonatal
cohorts to evaluate its ability to detect CHD.
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