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Association between early echocardiography, therapy for patent
ductus arteriosus, and outcomes in very low birth weight infants
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Abstract Background: In very low birth weight infants, persistence of a patent ductus arteriosus results in morbidity
and mortality. Therapies to close the ductus are effective, but clinical outcomes may depend on the accuracy of
diagnosis and the timing of administration. The objective of the present study was to characterise the association
between early echocardiography, therapy for patent ductus arteriosus, and outcomes in very low birth weight infants.
Methods: This retrospective cohort study used electronic health record data on inborn infants of gestational age
⩽28 weeks and birth weight <1500g who were discharged after day of life 7 from 362 neonatal ICU from 1997
to 2013. The primary outcome was death between day of life 7 and discharge. Secondary outcomes included
bronchopulmonary dysplasia, necrotising enterocolitis, and grade 3 or 4 intraventricular haemorrhage. Results: This
study included a total of 48,551 infants with a median gestational age of 27 weeks (interquartile range 25, 28) and
birth weight 870 g (706, 1050). Early echocardiography – that is, performed during days of life 2 to 6 –was performed
in 15,971/48,551 (33%) infants, and patent ductus arteriosus was diagnosed in 31,712/48,551 (65%). The diagnosis
was more common in infants who had undergone early echocardiography (14,549/15,971 [91%] versus 17,163/
32,580 [53%], p<0.001). In multivariable analysis, early echocardiography was not associated with reduced
mortality (odds ratio 0.97, 95% CI 0.89–1.05). Results were similar in the subset of infants who received therapy for
patent ductus arteriosus (odds ratio 1.01, 95% CI 0.90–1.15). Conclusions: Early echocardiography was associated with
an increased diagnosis of patent ductus arteriosus, but not with decreased mortality.
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IN VERY LOW BIRTH WEIGHT INFANTS, PERSISTENCE OF

a patent ductus arteriosus is associated with a
three- to eight-fold higher mortality and with

increased risk for intraventricular haemorrhage and
bronchopulmonary dysplasia.1–4 Because of this risk,
several prospective studies have been conducted to
identify the optimal timing and type of therapies to

promote closure of the patent ductus arteriosus.5,6

Despite the underlying physiological rationale, these
studies failed to demonstrate improvement in clinical
outcomes with earlier therapy for patent ductus
arteriosus, possibly due to heterogeneity in diagnosis.
A limitation of these studies is that they did not
specifically address the role and timing of echocar-
diography in diagnosing patent ductus arteriosus and
initiating therapy.
Although echocardiography is the gold standard

diagnostic tool for patent ductus arteriosus, it may
not always guide the management of hospitalised
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infants.7 In a randomised controlled study comparing
disclosure and non-disclosure of echocardiography
reports in infants at ⩽30 weeks’ gestational age, non-
disclosure did not alter the prevalence of drug therapy
for patent ductus arteriosus or time to regain
birth weight.8 Another randomised controlled study
in infants of gestational age <32 weeks that used
serial echocardiography from day of life 3 onwards
did not demonstrate any difference in mortality
between infants in whom patent ductus arteriosus
was treated early or late.9 In a more recent prospective
observational study conducted in Europe, however,
echocardiography before the first 3 days of life was
associated with lower mortality as well as greater
exposure to therapies for patent ductus arteriosus.10

The purpose of the present study was to evaluate
the association between early echocardiography and
outcomes in a large cohort of very low birth weight
infants hospitalised in North American neonatal
ICU. We hypothesised that early echocardiography
is more likely to lead to appropriate and prompt
therapy for patent ductus arteriosus, which may be
associated with improved outcomes.10

Materials and methods

Data source
The data source for our study was the Pediatrix
Medical Group clinical data warehouse. This data
warehouse captures data collected in the shared
electronic health record of 362 neonatal ICU in
North America managed by the Pediatrix Medical
Group. Data are extracted from admission notes,
daily progress notes, and discharge summaries, and
include information about diagnoses, procedures,
diagnostic tests, including laboratory evaluations,
and medications received. After extraction, data
are transferred to the data warehouse for quality
improvement and research initiatives.11

We included all inborn infants at gestational age
⩽28 weeks and birth weight <1500 g who were
discharged between 1997 and 2013. We excluded
infants who had been discharged from the neonatal
ICU or had died within the first 7 days of life and
those with major congenital anomalies. The Duke
University Institutional Review Board gave approval
for the conduct of this study and granted a waiver of
written informed consent.

Definitions
We defined day of birth as day of life 0. We defined
early echocardiography as echocardiography per-
formed on days of life 2 to 6. We did not include
echocardiography performed on the first 2 days of life
because many of these investigations were likely

performed to rule out other structural CHD. Infants
who did not undergo early echocardiography served
as the comparator group. We defined patent ductus
arteriosus on the basis of documentation of any
diagnosis of patent ductus arteriosus in the medical
record. We defined medical patent ductus arteriosus
treatment as exposure to ibuprofen or indomethacin,
starting after day of life 1. This age cut-off was chosen
to avoid inclusion of courses administered as pro-
phylaxis for the prevention of intraventricular hae-
morrhage. We defined surgical therapy as patent
ductus arteriosus ligation performed at any time
during hospitalisation. We defined any therapy for
patent ductus arteriosus as receipt of either medical or
surgical therapy for the same.
In addition to basic clinical and demographic data,

we extracted data on whether infants were on invasive
mechanical ventilation – either conventional or high-
frequency ventilation – oxygen dependency – fraction
of inspired oxygen >21% – or inotropic support –
dopamine, dobutamine, epinephrine, norepinephrine,
phenylephrine, or milrinone – on day of life 2. If
respiratory support data were missing on day of life 2,
we imputed the value recorded on day of life 1. We
reported early echocardiography and patent ductus
arteriosus therapies by sites for those contributing ⩾50
infants to the study cohort.
The primary outcome of interest in the present study

was death after day of life 7, but before discharge or
day of life 120. Secondary outcomes included the
development of medical or surgical necrotising enter-
ocolitis, grade 3 or 4 intraventricular haemorrhage, and
bronchopulmonary dysplasia, defined on the basis of
gestational age – as previously described – in isolation
or as a composite outcome.12,13

Statistical analysis
We described continuous and categorical study
variables with medians and interquartile ranges, and
as counts and proportions. To compare variable
distribution across groups, we used the Wilcoxon
rank-sum, χ2, and the Fisher exact tests as appropriate.
To characterise the association between early echo-
cardiography, patent ductus arteriosus therapy, and out-
comes, we performed a multivariable logistic regression
analysis stratified into five infant categories: all infants,
infants diagnosed with patent ductus arteriosus, infants
not diagnosed with patent ductus arteriosus, infants who
received patent ductus arteriosus therapy, and
infants who did not receive patent ductus arteriosus
therapy. Covariates incorporated in all models
included gestational age, race/ethnicity, gender,
mode of delivery, receipt of antenatal steroids, receipt
of inotropes on day of life 2, mechanical ventilation
on day of life 2, and discharge year. Gestational
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age and race/ethnicity were considered as categorical
variables; gender, mode of delivery, receipt of antenatal
steroids, need for inotropes, and mechanical ventilation
were considered as binary variables, and the discharge
year was treated as a continuous variable. We used
random effects to account for site-specific differences.
To evaluate the effect of exclusion of echocardiograms
performed in the first 2 days of life, we performed a
sensitivity analysis by repeating multivariable regression
models after inclusion of all echocardiographies
performed from days of life 0 to 6. We performed all
statistical analyses in Stata 14.1 (StataCorp, College
Station, Texas, United States of America) and considered
p-values<0.05 to be statistically significant.

Results

Infant characteristics
A total of 48,551 infants met our inclusion criteria
over the study period (Fig 1). Of these infants,
15,971 (33%) underwent early echocardiography.
The median postnatal age at the time of early echo-
cardiography was 3 days (interquartile range 2, 4).
Among the 32,580 infants who did not undergo early
echocardiography, 8048 infants (25%) eventually
received an echocardiography at a median postnatal
age of 14 days (9, 29).
Infants who had undergone early echocardiography

were less mature and had a lower birth weight
compared with those who had not undergone early
echocardiography (Table 1). Infants who had undergone
early echocardiography were more likely to be
diagnosed with a patent ductus arteriosus compared
with those who had not (14,549/15,971 [91%]
versus 17,163/32,580 [53%], p<0.001) (Table 1).

Infants who had undergone early echocardiography
were also more likely to require oxygen support
(10,360/15,971 [65%] versus 16,015/32,580 [49%],
p<0.001) and invasive mechanical ventilation on
day of life 2 (11,941/15,971 [75%] versus 17,254/
32,580 [53%], p<0.001). A total of 16,122 (33%)
infants received medical or surgical therapy for patent
ductus arteriosus at a median postnatal age of 4 days
(2, 9). For those infants who received patent ductus
arteriosus therapy, the median postnatal age at first
therapy was earlier in infants who had undergone early
echocardiography compared with those who had not
(3 days [2, 6] versus 6 days [3, 12], p<0.001). For
those infants who had undergone early echocardio-
graphy, the median duration from echocardiography to
the start of patent ductus arteriosus therapy was 0 days
(0, 2). The proportion of infants receiving any therapy
for patent ductus arteriosus was higher among infants
who had undergone early echocardiography compared
with the proportion of those who had not (Table 1).
Both early echocardiography and patent ductus arter-
iosus therapy use varied significantly across sites (Fig 2).
Among sites with at least 50 infants included in our
analysis, early echocardiography use and patent ductus
arteriosus therapy use ranged from 0 to 76% and from
2 to 70%, respectively.

Outcomes
Mortality was higher among infants who had under-
gone early echocardiography compared with that in
those without (1628/15,971 [10%] versus 2605/
32,580 [8%], p<0.001). In addition, the proportion
of infants who had any major comorbidity, such as
bronchopulmonary dysplasia, necrotising enterocolitis,
and/or intraventricular haemorrhage, was higher among

Figure 1.
Study inclusion diagram. NICUs= neonatal intensive care units; BW= birth weight.
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those who had received early echocardiography com-
pared with the proportion of those who had not
(8577/15,971 [54%] versus 13,223/32,580 [41%],
p<0.001) (Table 2).
On multivariable analysis including all infants, the

group of infants who had received early echocardio-
graphy did not have an increased risk for mortality
(adjusted odds ratio 0.97, 95% confidence interval
0.89–1.05) (Table 3). Early echocardiography
remained unrelated to mortality when infants were

stratified by receipt of patent ductus arteriosus
therapy. Infants who had received early echocardio-
graphy but were not diagnosed with patent ductus
arteriosus had a lower risk for mortality (adjusted
odds ratio 0.73, 95% CI 0.57–0.93). In a sensitivity
analysis including all echocardiographies performed
from days of life 0 to 6, none of the infant groups who
had undergone early echocardiography – either all or
stratified by patent ductus arteriosus therapy – had an
increased risk for mortality.

Discussion

In the current large cohort of very low birth weight
infants, we found that early echocardiography
performed on days of life 2 to 6 was associated
with increased diagnosis of and therapy for patent
ductus arteriosus, but was not associated with
decreased odds of mortality after adjusting for infant
characteristics. This remained true in the subset of
infants diagnosed with a patent ductus arteriosus,
and in those receiving therapy for patent ductus
arteriosus. However, we found that early echo-
cardiography was associated with decreased mortality
in the subgroup of infants not diagnosed with a
patent ductus arteriosus.
Presence of patent ductus arteriosus may lead to left-

to-right shunting of blood with consequent pulmonary
over-circulation and decreased systemic cardiac output.
Clinical consequences of this altered circulation include

Figure 2.
Percentage of infants with early echocardiography and patent
ductus arteriosus (PDA) therapy by site. Each dot represents a site.
Only sites with ≥50 infants are included in this graph.

Table 1. Demographic and clinical characteristics.

Early echocardiography
(n= 15,971 (%))

No early echocardiography
(n= 32,580 (%)) p-value

Gestational age (weeks)
⩽24 3257 (20) 4739 (15) <0.001
25–26 6039 (38) 10,205 (31)
27–28 6675 (42) 17,636 (54)

Birth weight (g)
<500 565 (4) 900 (3) <0.001
500–749 5313 (33) 8297 (25)
750–999 6084 (38) 11,892 (37)
1000–1499 4009 (25) 11,491 (35)

Race/ethnicity
White 7926 (51) 13,566 (43) <0.001
Black 4072 (26) 10,181 (32)
Hispanic 2762 (18) 6039 (19)
Others 819 (5) 1717 (5)

Male 8346 (52) 16,976 (52) 0.76
Caesarean section 11,283 (71) 22,156 (69) <0.001
Antenatal steroids 12,963 (81) 26,862 (82) 0.001
Presence of PDA 14,549 (91) 17,163 (53) <0.001
Any treatment for PDA 8416 (53) 7706 (24) <0.001
Ibuprofen 245 (2) 247 (0.8) <0.001
Indomethacin 7189 (45) 5725 (18) <0.001
Surgical PDA ligation 2925 (18) 3011 (9) <0.001

PDA= patent ductus arteriosus
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intraventricular haemorrhage, necrotising enterocolitis,
and death.1,14 These outcomes are most commonly
observed among infants of gestational age ⩽28 weeks
due to the delayed closure of the patent ductus arter-
iosus in this population.1,3 To promote patent ductus
arteriosus closure and mitigate complication risk,
pharmacological, interventional, and surgical strategies
have been developed. Despite the availability of these
treatment options, the optimum treatment strategy for
patent ductus arteriosus therapy remains a matter
of debate. Although this controversy is fuelled by
numerous factors, including the paucity of randomised,
placebo-controlled clinical trials, the timing of patent
ductus arteriosus therapy may play an important role in
balancing the risk–benefit ratio of therapeutic inter-
ventions.15,16 Early treatment requires the diagnosis of

patent ductus arteriosus before the onset of clinical
symptoms. Such a diagnosis is best made using
echocardiography.17,18 As a result, the timing of echo-
cardiography may influence the outcomes associated
with patent ductus arteriosus in premature infants.
Despite the fact that early echocardiography was

associated with an increase in both medical and
surgical treatment for patent ductus arteriosus, it was
not associated with decreased mortality. This was also
true in the subgroups of infants diagnosed with
patent ductus arteriosus or in those receiving therapy
for it. These findings differ somewhat from the
recently completed Etude Epidémiologique sur les
Petits Ages Gestationnels 2 study (EPIPAGE 2), a
prospective cohort study of 1513 infants of gesta-
tional age ⩽28 weeks that was conducted in Europe
in 2011.10 In this study, in-hospital mortality in
infants receiving early echocardiography, defined
as being performed before day of life 3, was 14.2%,
compared with 18.5% in those not receiving early
echocardiography, and the odds of mortality calcu-
lated from a propensity-matched analysis were 0.73
(95% CI 0.54–0.98). In the same cohort of infants, a
confirmatory instrumental variable analysis failed to
reproduce the significance in the association between
early echocardiography and in-hospital mortality
(adjusted odds ratio 0.62, 95% CI 0.37–1.04). The
authors also found that the decrease in mortality was
mainly accounted for by infants not treated for patent
ductus arteriosus (mortality 13.9 versus 20.6%).
A difference in mortality was not observed in the
subset of infants who displayed clinical signs of a
patent ductus arteriosus and were subsequently treated.
Early echocardiography, however, was associated
with decreased mortality among those infants not

Table 2. Clinical outcomes stratified according to infant groups.

All infants (n= 48,551)
Infants diagnosed
with PDA (n= 31,712)

Infants who received
PDA therapy (n= 16,122)

Early
echocardiography
(n= 15,971 (%))

No early
echocardiography
(n= 32,580 (%))

Early
echocardiography
(n= 14,549 (%))

No early
echocardiography
(n= 17,163 (%))

Early
echocardiography
(n= 8416 (%))

No early
echocardiography
(n= 7706 (%))

Death 1628 (10) 2605 (8) 1510 (10) 1691 (10) 833 (10) 783 (10)
BPD or
death

8048 (50) 12,057 (37) 7468 (51) 8269 (48) 4722 (56) 4327 (56)

NEC or
death

2820 (18) 4694 (14) 2594 (18) 2847 (17) 1443 (17) 1317 (17)

IVH or
death

3127 (20) 4749 (15) 2919 (20) 3202 (19) 1689 (20) 1566 (20)

Secondary
outcome or
death*

9363 (59) 14,434 (44) 8659 (60) 9549 (56) 5344 (64) 4842 (63)

BPD= bronchopulmonary dysplasia; IVH= grade 3 or 4 intraventricular haemorrhage; NEC= necrotising enterocolitis; PDA= patent ductus arteriosus
Numbers in bold indicate the presence of statistical significant difference between the groups with and without early echocardiography (all p< 0.005)
*Death or any of the secondary outcomes

Table 3. Adjusted odds ratios (and 95% confidence intervals [CI])
for mortality.

Odds ratio*
(95% CI)

Early echocardiography in all infants 0.97 (0.89–1.05)
Early echocardiography in infants diagnosed
with PDA

1.00 (0.91–1.09)

Early echocardiography in infants not diagnosed
with PDA

0.73 (0.57–0.93)

Early echocardiography in infants receiving
PDA therapy

1.01 (0.90–1.15)

Early echocardiography in infants not receiving
PDA therapy

0.99 (0.88–1.10)

PDA= patent ductus arteriosus
*Adjusted for gestational age, race/ethnicity, gender, caesarean section,
antenatal steroids, mechanical ventilation on day of life 2, inotropic
support on day of life 2, discharge year and site. Reference for all
regression is infants without early echocardiography
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treated for patent ductus arteriosus (adjusted odds
ratio 0.62, 95% CI 0.40–0.96). Although the
primary outcome analysis of our cohort differed from
the EPIPAGE 2 findings, possibly due to differences
in the timing of early echocardiography, we observed
similar results in our subgroup analyses, with
decreased mortality in the subset of infants receiving
early echocardiography who were not diagnosed with
a patent ductus arteriosus. These findings suggest
that early echocardiography may primarily benefit
infants without a haemodynamically significant
patent ductus arteriosus requiring therapy.
The lack of a consensus definition for a haemody-

namically significant patent ductus arteriosus is an
obstacle to the identification of diagnostic and ther-
apeutic strategies and, as observed in the present
cohort, leads to substantial variability in clinical
practice across neonatal ICU. To facilitate decision
making, investigators have proposed individualised
and rational disease-staging criteria that combine
echocardiography and clinical parameters.19 Others
have suggested that laboratory markers such as the
B-type natriuretic peptide may be of benefit.20 The
control arm of the EPIPAGE 2 study included infants
who underwent echocardiography later; further,
echocardiographic characteristics of a patent ductus
arteriosus were recorded for all subjects and included
in the propensity score estimation.10 Because the
present cohort included infants who had never
undergone echocardiography in the control group,
and because details of the echocardiography were not
routinely collected in the clinical data warehouse, we
were not able to adjust for echocardiographic char-
acteristics in the analysis. We did, however, include
the severity of illness surrogates – including exposure
to mechanical ventilation and inotropic support;
however, we acknowledge that these are not specific
to the diagnosis of a patent ductus arteriosus. We also
chose to repeat our analysis in the possibly more
uniform cohort of infants deemed by their clinicians
to require patent ductus arteriosus therapy, as this
may be assumed to represent a cohort of infants with a
more clinically significant patent ductus arteriosus.
In this cohort, we again did not find an association
between early echocardiography and mortality.
In infants not diagnosed with patent ductus

arteriosus, we noted a lower risk for mortality in those
who had undergone echocardiography, compared
with the risk for mortality in those who had not. An
explanation for this finding is that early echocardio-
graphy in this subset of infants may identify other
significant diagnoses such as ventricular dysfunction
or structural abnormalities, or may provide estimates
of ventricular afterload or preload, guiding clinical
management. Earlier identification of these diag-
noses, in addition to excluding the presence of patent

ductus arteriosus, may then lead to better outcomes.
Our study, although not designed to evaluate this
hypothesis, provides some preliminary evidence
supporting this assumption. We found that 21% of
infants who had undergone early echocardiography
but had not been diagnosed with a patent ductus
arteriosus either had discontinuation or initiation of
an inotrope on the day of, or 1 day after, echocardio-
graphy. In a study of 241 infants with a mean
gestational age of 38 weeks (with a range from 24 to
42) admitted to the neonatal ICU, echocardiography
changed the therapeutic management in at least 66%
of infants.21 This included infants with a patent
ductus arteriosus alone, but also those with other
diagnoses including primary pulmonary hyperten-
sion, left ventricular dysfunction, and major cardiac
structural abnormalities.21 There is an increasing
awareness of the utility of echocardiography in criti-
cally ill neonates. In a large survey of 247 neonatal
ICU medical directors, the majority of respondents
endorsed the utility of functional echocardiography
and the need for training in this skillset.22 Functional
echocardiography may help assess cardiac function as
well as systemic and pulmonary blood flow and
pressures, and rule out the presence of shunts.23 In a
small cohort of 20 infants (mean gestational age
27.8± 5.3 weeks) in a level-3 neonatal ICU who had
pulmonary hypertension associated with pre-term
premature rupture of membrane, investigators found
that the use of functional echocardiography led to
earlier diagnosis of the need for treatment for pul-
monary hypertension with improved outcomes.24

Early echocardiography did not decrease the risk for
secondary outcomes in this study. This is consistent
with the findings of the EPIPAGE 2 study, in which
the prevalence of severe intraventricular haemorrhage,
bronchopulmonary dysplasia, or necrotising enter-
ocolitis did not differ between infants with and those
without early echocardiography.10 In fact, secondary
outcomes were more prevalent among all infants in our
cohort who had undergone early echocardiography,
including the subgroup of infants diagnosed with a
patent ductus arteriosus. Among infants who had
received therapy for patent ductus arteriosus in our
cohort, there was no significant association between
early echocardiography and the risk for secondary out-
comes. It is particularly interesting that despite the
plausible physiological changes in mesenteric blood
flow during medical therapy for patent ductus arter-
iosus, we did not find an association between the timing
of echocardiography and necrotising enterocolitis in
infants receiving patent ductus arteriosus therapy.25

This is consistent with findings from a small prospective
study of 127 infants of gestational age <32 weeks who
were randomised to receive early, defined as day 3 of life,
or late indomethacin treatment.9 Investigators of this
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randomised study did not find any difference in the
incidence of necrotising enterocolitis and localised gut
perforation between the two groups. The association
between early echocardiography and the risk for
secondary outcomes may be further complicated by the
relationship between surgical patent ductus arteriosus
therapy and the development of these outcomes. In a
study from the Canadian Neonatal Network involving
3556 infants of gestational age ⩽32 weeks, patent
ductus arteriosus ligation was independently associated
with a two-fold increased risk for composite adverse
outcomes of mortality and the presence of severe intra-
ventricular haemorrhage of grade 3 or 4, periventricular
leukomalacia, severe retinopathy of prematurity (stages
3, 4, or 5), and/or bronchopulmonary dysplasia.26

As with all observational studies, our findings
should be interpreted in the context of its limitations.
The data source did not contain information on the
treatment threshold and the exact indication for patent
ductus arteriosus therapy, which may include the
degree of haemodynamic and respiratory compromise
or presence of other end-organ dysfunction, and is
most likely different across the neonatal ICU included
in this cohort. To account for site-specific differences,
we performed a random-effect multivariable analysis.
In addition, we lack information on conservative,
non-specific treatment strategies used in infants in
whom patent ductus arteriosus was diagnosed but not
directly treated. In particular, fluid restriction is a
commonly used non-specific treatment strategy that
may be effective even when compared with more
aggressive interventions.27 We did not have access to
details of the echocardiographic reports for further
quantification of the size and potential haemodynamic
significance of the patent ductus arteriosus, and relied
on clinical diagnoses as documented by the treating
neonatologist. Further, our study was designed to
evaluate the association between early echocardio-
graphy, management of patent ductus arteriosus, and
outcomes. We did not intend to evaluate the impact of
early echocardiography on other medical interventions
not targeted at patent ductus arteriosus closure. It can,
therefore, only be speculated as to why mortality
was lower among infants not diagnosed with a patent
ductus arteriosus who had undergone early echo-
cardiography: changes in inotrope management, early
initiation of enteral feeds or a more liberal fluid and
total parenteral nutrition use, and other interventions
may explain the association, but these are beyond the
scope of this paper. Finally, we included only infants
who survived beyond day of life 7 so as to reduce
censoring bias in the performance of the echocardio-
gram. We acknowledge, however, that the first week
of age is a period of high risk for mortality in pre-
mature infants and caution against extrapolating these
results to infants who do not survive this period.

Despite these limitations, our study cohort included a
very large number of very low birth weight infants
managed as per standard of care in neonatal ICU across
the United States of America, and used routine clinical
data reflective of real-life practices. This allowed a
pragmatic examination of the utility of early echo-
cardiography and patent ductus arteriosus treatment
in very low birth weight infants.

Conclusion

In this cohort study of very low birth weight infants,
early echocardiography was associated with improved
diagnosis of patent ductus arteriosus but not with
decreased odds of mortality. This remained true in
the subset of infants diagnosed with patent ductus
arteriosus and among those who received therapy for
patent ductus arteriosus. Mortality was lower among
infants not diagnosed with patent ductus arteriosus
who received early echocardiography.
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