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Exploration of potential biochemical markers for persistence
of patent ductus arteriosus in preterm infants at 22–27 weeks’
gestation
Karl Wilhelm Olsson1, Anders Larsson2, Anders Jonzon1 and Richard Sindelar1

BACKGROUND: Early identification of infants at risk for complications from patent ductus arteriosus (PDA) may improve treatment
outcomes. The aim of this study was to identify biochemical markers associated with persistence of PDA, and with failure of
pharmacological treatment for PDA, in extremely preterm infants.
METHODS: Infants born at 22–27 weeks’ gestation were included in this prospective study. Blood samples were collected on the
second day of life. Fourteen biochemical markers associated with factors that may affect PDA closure were analyzed and related to
persistent PDA and to the response of pharmacological treatment with ibuprofen.
RESULTS: High levels of B-type natriuretic peptide, interleukin-6, -8, -10, and -12, growth differentiation factor 15 and monocyte
chemotactic protein 1 were associated with persistent PDA, as were low levels of platelet-derived growth factor. High levels of
erythropoietin were associated with both persistent PDA and failure to close PDA within 24 h of the last dose of ibuprofen.
CONCLUSIONS: High levels of inflammatory markers were associated with the persistence of PDA. High levels of erythropoietin
were associated with both the persistence of PDA and failure to respond to pharmacological treatment.
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INTRODUCTION
Prolonged patency of the ductus arteriosus continues to be a
challenging problem in the care of extremely preterm infants.1

The decision to treat a patient with patent ductus arteriosus (PDA)
is usually based on the perceived hemodynamic significance of
the PDA; the general first option of management is pharmacolo-
gical treatment. However, without clear evidence of a reduction in
morbidity or mortality, the indications for treatment of PDA
remain controversial.2,3

Clinical signs do not reliably assert the hemodynamic sig-
nificance or the risk for complications of PDA.4 Echocardiography
is the current reference standard for evaluating the hemody-
namics of the ductus arteriosus, but there is no consensus
regarding criteria for determining the hemodynamic significance,
and evidence of any association with outcome in extremely
preterm infants is scant.5,6 Plasma natriuretic peptides and cardiac
troponin T have previously been correlated with echocardio-
graphic measures of ductal shunt volume and to morbidity.7,8

Nevertheless, the ability to quickly and accurately identify infants
with prolonged patency and risk for complications from PDA, and
to predict the probability of success of pharmacological treatment,
is limited.9

The use of multiplex proximity extension assay (PEA) technol-
ogy allows for the analysis of an extensive range of serum protein
markers from the limited blood volume that can be collected from
preterm infants.10 In the current literature, we have identified
several potential markers for persistence of PDA, known to be
associated with either ductal constriction, pulmonary circulatory
regulation, vascular remodeling, or inflammation (Table 1).

As previously recognized, echocardiographic signs of hemody-
namic changes during the second and third day of life are
associated with persistent PDA; therefore, analyses of biochemical
markers during this same period could potentially identify
alternative indicators for persistent PDA or treatment-resistant
PDA in extremely preterm infants.11,12 The aim of this exploratory
study was to assess potential associations between the serum
protein markers outlined above and PDA outcome, including
persistence and treatment response, in premature infants born at
22–27 weeks’ gestational age (GA).

METHODS
Study Population
This prospective observational study was approved by the
Swedish Central Ethical Review Board. Infants eligible for inclusion
were born at Uppsala University Children’s Hospital between
November 2012 and May 2015 with a GA of less than 28 weeks,
and without heart defects or major congenital anomalies. Infants
were enrolled after informed, written consent was obtained from
the parents.

Echocardiography
Infants underwent echocardiographic examinations during the
first, second, and third day of life as a part of the study protocol.
Additional examinations were made within 24 h of treatment
completion, if the infant’s clinical condition called for it, and
before discharge. All examinations were conducted and inter-
preted by the same examiner (A.J.). The assessments for
hemodynamically significant PDA were made available to the
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treating physicians, but records of the specific measurements for
the study were kept separate and were not available to the clinical
teams.
Internal diameter of the ductus arteriosus was measured at its

narrowest point from the parasternal short axis view in 2-
dimensional and color Doppler mode. Ductal flow velocity was
assessed with pulsed and continuous Doppler directly in line with
the ductal flow from the same position. Left atrium to aortic root
(LA/Ao) ratio was measured in M-mode from the parasternal long
axis. Absent or reversed flow in the descending aorta was assessed
using color and pulsed Doppler above and below the ductal
orifice.

Treatment of ductus arteriosus
PDA was considered hemodynamically significant if shunting
across the ductus arteriosus was predominantly left-to-right, and
at least one of the following criteria were met: (1) ductal diameter
of >1.5 mm, (2) LA/Ao of >1.5, or (3) an appropriate view of the
descending aorta showing absent or reversed flow during
diastole.
In accordance with routine clinical policy, pharmacological

treatment was initiated after the first day, but before the seventh
day of life, when a hemodynamically significant PDA was
identified and none of the following contraindications were
present: renal failure (serum creatinine >120 µmol/L or serum urea
>12mmol/L); thrombocytopenia (platelets <50 × 109/L); recent
intraventricular hemorrhage grade II–IV; or necrotizing enteroco-
litis. Surgical ligation was considered if pharmacological treatment
was contraindicated and a hemodynamically significant PDA
continued to persist.
Ibuprofen (5 mg/mL, Pedea, Orphan Europe Nordic, Stockholm,

Sweden) was administered in a three-dose regimen with the first

intravenous infusion of 10 mg/kg over 20 min and subsequent
doses of 5 mg/kg at 24 and 48 h after the initial dose. No
additional pharmacological treatment for PDA was administered
after this initial three-dose course. Surgical ligation was carried out
if a hemodynamically significant PDA persisted or if the ductus
arteriosus reopened after pharmacological treatment.

Persistence of PDA
Iterating echocardiographic examinations were performed after
the first seven days of life in (1) infants with an open but
hemodynamically insignificant PDA during the first seven days of
life, (2) infants that did not receive pharmacological treatment
because of contraindications, and (3) infants that did not respond
to pharmacological treatment. PDA was defined as persistent if a
hemodynamically significant PDA was found or remained, and the
infant was consequently subjected to surgical ligation. For infants
that died, PDA was defined as persistent if an autopsy revealed an
open ductus arteriosus. For all other infants, PDA was considered
hemodynamically insignificant.

Response to pharmacological treatment
Possible associations between biochemical markers and respon-
siveness to pharmacological treatment, defined as functional
constriction allowing for the anatomical closure of the ductus
arteriosus, were explored. PDA was considered responsive to
treatment if echocardiography within 24 h of pharmacological
treatment could not identify any ductal flow. PDA was otherwise
considered unresponsive.

Biochemical markers
Blood samples were collected from indwelling umbilical arterial
catheters at the time of the echocardiographic examination

Table 1. Biochemical markers

Marker Function and association

B-type natriuretic peptide (BNP) Released mainly by the cardiac ventricles in response to myocardial stretch and volume overload.
Associated with hemodynamically significant PDA.8

N-terminal proBNP (NT-proBNP) Inactive prohormone to BNP. Associated with hemodynamically significant PDA, as well as death and
severe IVH in infants with PDA.29

Endothelin-1 (ET-1) Vasoconstrictor released in pulmonary vessels in response to increased pulmonary blood flow. CT-
proET-1 (ET-1 pro-peptide) associated with respiratory morbidity and oxygen-induced ductal
constriction.30,31

Epidermal growth factor (EGF) Stimulates cell proliferation and differentiation, constricts ductus arteriosus and regulates remodeling
during permanent anatomic closure in animal studies.32

Platelet-derived growth factor (PDGF) Stimulates angiogenesis, constricts ductus arteriosus and regulates remodeling during permanent
anatomic closure in animal studies.33

Vascular endothelial growth factor (VEGF) Hypoxia-induced. Promotes vasodilation and regulates remodeling during permanent anatomic closure
of the ductus arteriosus.34

Thromboxane B2 (TXB2) Stimulates platelet activation and aggregation, induces vasoconstriction and is associated with
persistent pulmonary hypertension in newborns.35,36

Interleukin-6 (IL-6) Pro-inflammatory. Associated with pulmonary morbidity and vascular remodeling in newborn preterm
infants.16–20

Interleukin-8 (IL-8) Pro-inflammatory. Associated with angiogenesis and with pulmonary morbidity and vascular
remodeling in newborn preterm infants.17–20

Interleukin-10 (IL-10) Anti-inflammatory. Associated with pulmonary morbidity and vascular remodeling in newborn preterm
infants.17–20

Interleukin-12 (IL-12) Pro-inflammatory and anti-angiogenic. Associated with pulmonary morbidity and vascular remodeling
in newborn preterm infants.17–20

Erythropoietin (EPO) Stimulates erythropoiesis and also acts as a vasoconstrictor. Associated with inflammation and
pulmonary morbidity.26,37

Growth/differentiation factor 15 (GDF-15) Associated with tissue hypoxia, inflammation, acute injury, and oxidative stress. Has been suggested as a
marker for pediatric pulmonary arterial hypertension.21,22

Monocyte chemoattractant protein 1 (MCP-
1)

Regulates migration and infiltration of monocytes and macrophages. Associated with mechanical
ventilation in extremely preterm infants and with pediatric pulmonary arterial hypertension.20,23
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during the second day of life. A minimum volume of 20 µL was
required for the PEA analyses. After centrifugation at 2400 × g for
7 min, the supernatant serum was obtained and stored at −80 °C
until further analysis.
Biochemical markers BNP, NT-proBNP, EGF, PDGF, VEGF, IL-6, IL-

8, IL-10, IL-12, EPO, GDF-15, and MCP-1, were analyzed with PEA
technique using the Proseek Multiplex 96 × 96 CVD I, Oncology I,
and Inflammation I biomarker panels (Olink Bioscience, Uppsala,
Sweden) as earlier described.10 All data from the PEA analyses are
presented as arbitrary units (AU) in linear values. ET-1 was
analyzed by a sandwich ELISA (catalog number DET100, R&D
Systems, Inc., Minneapolis, Minnesota). TXB2 was analyzed using
the Parameter Thromboxane B2 Assay (catalog number KGE011,
R&D Systems, Inc.). Data from the two analyses are presented in
pg/mL. Measurements were performed without knowledge of
clinical data, and treating physicians were blinded to results of the
biochemical marker analyses for this study.

Statistical analysis
To compile and analyze data, custom software was developed
using MatLab (The Mathworks Inc., Natick, Massachusetts). Data
for each group and period is presented as median values and
interquartile range (IQR), or number and percentage. The
Mann–Whitney test was used to compare non-parametric
continuous data and the Fisher’s exact test was used to compare
categorical data. A receiver operating curve was constructed for
each biochemical marker and the area under curve (AUC) is
presented with 95% confidence interval and p value. All p values
presented are two-tailed. To compensate for multiple tests,
significances for all parallel analyses of biochemical markers (n
= 14) were determined using the Benjamini–Hochberg method to
reduce the risk of false discoveries to an expected rate < 10%.13

Due to the strong association between EPO levels and persistent
PDA, as well as treatment-resistant PDA, Spearman’s rank-order
correlations were used for secondary examination of relationships
between EPO and blood gas parameters, which could influence
EPO levels.

RESULTS
Between 1 November 2012 and 1 May 2015, 122 infants were born
at 22–27 weeks’ GA at Uppsala University Children’s Hospital.
Twelve infants were not eligible for this study because of major
congenital malformations. Eight infants died in the first hours after
birth without any echocardiographic examinations conducted, or
any blood sampling. Forty-two infants were not included because
the parents did not wish to take part in the study, or because of
the inability to obtain written consent from the parents prior to
the first echocardiographic investigation. Thirteen infants did not
have an umbilical catheter during the second day of life, or for
other reasons could not provide a valid blood sample. Valid
samples were obtained from 47 infants at a median postnatal age
of 1.7 days (IQR: 1.5–2.0 days). Information on perinatal
characteristics for the included cohort of newborns is presented
in Table 2.
Twenty-five (53%) of the infants were pharmacologically

treated. Median postnatal age at treatment initiation was 2.9 days
(IQR: 2.2–3.4 days) in the responsive group and 3.9 days (IQR:
2.6–4.4 days, p= 0.235) in the non-responsive group. There were
no significant differences in perinatal parameters or outcomes
between pharmacologically treated and untreated infants. PDA
was ultimately considered closed or clinically insignificant in 17
(68%) treated infants and in 16 (73%) untreated infants (p=
0.760). Nine infants (19%) were later subjected to surgical closure
of PDA.
Seven infants (35%) closed their PDA within 24 h of the last

dose of ibuprofen, while 13 infants (65%) did not respond to
treatment. Five pharmacologically treated infants had no

echocardiographic examination within 24 h of treatment and
were hence not included in the analysis. Of the 13 infants who did
not respond to pharmacological treatment, six infants later had
spontaneous closure of their PDA.

Biochemical markers for persistence of PDA
Levels of BNP and NT-proBNP, as well as all studied inflammatory
biomarkers except for IL-12, were higher in infants with persistent
PDA (Table 3). Of the growth factors studied, low PDGF was the
only one associated with persistent PDA.

Biochemical markers for treatment response
Information on perinatal parameters and outcomes for infants that
did and did not respond to treatment are presented in Table 4.
EPO levels were higher in infants that did not respond to
pharmacological treatment, but no other biomarker significantly
differed between the groups (Table 5).

Post hoc analysis
The correlation between EPO and blood gas levels during the 24 h
before biomarker sampling were examined as a post hoc analysis.
EPO levels correlated moderately with median pH (ρ=−0.450, p
= 0.005), poorly with median pO2 (ρ=−0.386, p= 0.018), and not
at all with median pCO2 (ρ= 0.278, p= 0.083).

DISCUSSION
Clinical and echocardiographic signs are routinely used to
estimate the hemodynamic significance of PDA shunting, but

Table 2. Clinical characteristics of included infants

Hemodynamically
insignificant

Persistent p

n= 33 n= 14

Perinatal parameters

Gestational age
(weeks)

25+ 6 (24+ 4 to 26
+ 5)

23+ 4 (22
+ 5 to 24+
1)

<0.001

Gestational weight
(grams)

800 (637–947) 593
(572–655)

<0.001

Male gender 17 (52%) 7 (50%) 1.000

Preeclampsia 3 (9%) 0 (0%) 0.544

PPROM 5 (15%) 1 (7%) 0.653

Chorioamnionitis 2 (6%) 1 (7%) 1.000

Prenatal steroids 32 (97%) 14 (100%) 1.000

Cesarean section 18 (55%) 6 (43%) 0.534

Surfactant 33 (100%) 14 (100%) 1.000

Apgar 1 6 (4–7) 4 (3–4) 0.017

Apgar 5 7 (6–9) 5 (3–6) 0.010

Outcome

Respiratory distress
syndrome

33 (100%) 14 (100%) 1.000

Bronchopulmonary
dysplasia

14 (42%) 9 (64%) 0.212

Intraventricular
hemorrhage grade
III-IV

1 (3%) 2 (14%) 0.208

Necrotizing
enterocolitis

5 (15%) 6 (43%) 0.061

Deceased 3 (9%) 6 (43%) 0.013

Values are represented as median (interquartile range) or number (%)
PPROM Prolonged premature rupture of membranes
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implications for the clinical impact of PDA in extremely preterm
infants remain uncertain. The current study explores potential
associations between serum protein markers and the persistence
of PDA, irrespective of pharmacological treatment. Additionally,

possible associations between serum protein markers and
unresponsiveness to pharmacological treatment for PDA were
examined.
In line with known associations to hemodynamically significant

PDA, we found BNP and NT-proBNP associated with persistence of
PDA. The natriuretic peptide and the N-terminal part of its
precursor are released mainly by the cardiac ventricles in response
to myocardial stretch and volume overload; previous studies have
found these markers to be associated with ductal diameter and
LA/Ao from 24 h postnatally, thus indicating that the extra cardiac
load related to PDA is manifested during the early postnatal
period.14,15 In the current study, the association between both
markers and PDA outcome supports evidence of early effects of
PDA shunting.
High levels of inflammatory markers IL-6, IL-8, IL-10, GDF-15,

and MCP-1 were associated with persistence of PDA in our study.
From what is known from previous studies in preterm infants, this
finding might indicate a relationship to early pulmonary
morbidity; although, covariation with other inflammatory condi-
tions could also explain the associations.16–23

High concentrations of EPO were associated with persistent
PDA and with failure of pharmacological treatment in our study.
This is encouraging as EPO could potentially become a useful tool
to guide decisions on whether to initiate or not initiate
pharmacological treatment of PDA. The association between
persistent PDA and EPO, and the lack of correlation between other
inflammatory factors and treatment respons, suggests that the
association to EPO may be different from a general inflammatory
activity.
It has previously been proposed that intrauterine hypoxia may

affect the ability of the ductus arteriosus to close, and that markers
for erythropoiesis therefore could be useful in predicting the
outcome of PDA.24 In adults, the median half-life of endogenous
EPO is 6–8 h and similar half-lives have been reported in preterm
infants receiving recombinant human EPO.25 This implies that
EPO-levels on the second day of life relate to postnatal conditions,
rather than prenatal ones. A study by Holm et al., found no
correlation between high EPO concentrations and the lowest pH
and pO2 levels during the first three postnatal days.26 Because of
its association to PDA, we performed additional analyses of the
correlations between EPO and blood gases in the current study,

Table 3. Biochemical markers in included infants

Hemodynamically insignificant Persistent AUC (95% CI) p

n= 33 n= 14

BNP (AU) 28.6 (3.07–78.8) 58.9 (32.6–112) 0.71 (0.54–0.87) 0.014a

NT-proBNP (AU) 49.1 (47.1–51.5) 52.4 (48.9–56.0) 0.72 (0.56–0.88) 0.007a

ET-1 (pg/mL) 1.42 (0.20–3.11) 2.04 (1.05–4.32) 0.55 (0.34–0.76) 0.636

EGF (AU) 35.0 (24.2–68.2) 29.1 (20.0–40.7) 0.64 (0.45–0.83) 0.155

PDGF (AU) 20.2 (11.6–53.3) 11.4 (9.94–18.5) 0.72 (0.54–0.90) 0.017a

VEGF (AU) 3031 (2606–3366) 3150 (2777–3443) 0.58 (0.39–0.77) 0.412

TXB2 (pg/mL) 10553 (7528–13949) 11088 (9913–11650) 0.56 (0.41–0.72) 0.424

IL-6 (AU) 237 (135–408) 409 (242–1198) 0.73 (0.57–0.89) 0.005a

IL-8 (AU) 763 (405–1096) 977 (614–6141) 0.71 (0.55–0.87) 0.012a

IL-10 (AU) 15.5 (10.7–24.4) 24.8 (21.1–35.8) 0.77 (0.62–0.91) <0.001a

IL-12 (AU) 280 (241–393) 379 (237–476) 0.56 (0.38–0.75) 0.505

EPO (AU) 0.92 (0.82–1.78) 2.13 (1.53–3.70) 0.80 (0.67–0.94) <0.001a

GDF-15 (AU) 3361 (2617–4508) 5269 (4010–6091) 0.75 (0.60–0.90) 0.001a

MCP-1 (AU) 2415 (1959–3233) 3376 (2919–4292) 0.70 (0.54–0.87) 0.017a

Values are represented as median (interquartile range)
AU arbitrary units
aSignificant according to the Benjamini–Hochberg method

Table 4. Clinical characteristics of pharmacologically treated infants

Responsive Non-
responsive

p

n= 7 n= 13

Perinatal parameters

Gestational age (weeks) 26+ 4 (24+ 3
to 27+ 1)

24+ 4 (23+ 4
to 25+ 3)

0.165

Gestational weight
(grams)

858 (647–1024) 654 (595–768) 0.068

Male gender 5 (71%) 6 (46%) 0.374

Preeclampsia 1 (14%) 1 (8%) 1.000

PPROM 2 (29%) 1 (8%) 0.270

Chorioamnionitis 1 (14%) 1 (8%) 1.000

Prenatal steroids 7 (100%) 13 (100%) 1.000

Cesarean section 6 (86%) 6 (46%) 0.158

Surfactant 7 (100%) 13 (100%) 1.000

Apgar 1 7 (5–8) 4 (4–6) 0.084

Apgar 5 9 (7–9) 6 (5–7) 0.011

Outcome

Respiratory distress
syndrome

7 (100%) 13 (100%) 1.000

Bronchopulmonary
dysplasia

2 (29%) 7 (54%) 0.374

Intraventricular
hemorrhage grade III-IV

1 (14%) 1 (8%) 1.000

Necrotizing enterocolitis 0 (0%) 5 (38%) 0.114

Deceased 2 (29%) 2 (15%) 0.587

Values are represented as median (interquartile range) or number (%)
PPROM Prolonged premature rupture of membranes
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and confirmed significant negative correlations between EPO
concentration and median pH during the day before blood
sampling. We believe that these correlations support the notion
that EPO-levels relate mainly to postnatal hypoxia.
Recombinant EPO also induces increased airway resistance and

has been found to stimulate inflammation in the lungs in animal
studies.27 Holm et al. identified a dose–response relationship
between endogenous EPO blood concentrations in the first two
postnatal weeks and later lung disease in infants born before
28 weeks’ GA.26 This correlation between EPO and pulmonary
dysfunction is in line with the association between low systolic
ductal flow velocity and persistent PDA, conceivable as a sign of
elevated pulmonary artery pressure.28

Screening for high levels of inflammatory markers during the
second day of life could be used to recognize asymptomatic
infants with PDA with a low chance of ductal closure. This would
allow for earlier identification of infants that may benefit from
pharmacological treatment and could spare infants who are more
likely to spontaneously close ductus arteriosus from repeated
echocardiographic examinations during their initial postnatal
period. Additionally, the association between early high levels of
EPO and failure of ibuprofen treatment might allow for more
specific identification of infants with a low chance for successful
pharmacological treatment. This may lead to earlier selection of
extremely preterm infants that require surgical intervention,
without the need for additional echocardiographic examinations.
This study is limited by its single center design and the risk for

selection bias due to the exclusion of infants without valid blood
samples. The limited number of enrolled infants prevents multi-
variable logistic regression analysis without a major risk of
overfitting, but the biochemical analyses have been adjusted for
multiple testing.
Although the study aimed to explore additional methods to

assess for persistent PDA in extremely preterm infants, the
outcomes were influenced by the echocardiographic definition
of hemodynamically significant PDA, which is still the method in
clinical use for selecting infants for surgical treatment. As
indicated above, this potential bias is not unique to our study,
but further underlines the need for future studies of PDA with
complete omission of treatment or with randomization to groups
receiving pharmacological treatment or not receiving treatment at

all. Analytical outcomes of treatment response were not
influenced by the estimation of hemodynamic significance, but
the subgroup of pharmacologically treated infants was small and
the results from the treatment response analysis must be
cautiously interpreted. The AU in the PEA analysis precludes
comparison to other studies, but data on several of the presented
markers have, to our knowledge, not been previously reported in
relation to PDA in vivo.

CONCLUSIONS
High levels of inflammatory markers in the first days of life were
associated with persistence of PDA. High levels of EPO were
associated with both the persistence of PDA and failure to
respond to pharmacological treatment. Further studies are
needed to investigate the biological background for these
associations, and to evaluate the clinical usefulness of these
biochemical markers in the treatment of extremely preterm
infants at risk for adverse outcomes related to PDA.
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