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Purpose: Because early closure therapies of the patent ductus arteriosus (PDA) have not been
shown to confer benefit to premature infants, the authors’ four neonatal intensive care units
adopted a less aggressive PDA management protocol.

Study design: A before—after investigation in infants with PDAs born 501-1500 g. Era 1
(January 2005 to December 2007) featured traditional management with indomethacin and/or
surgical ligation used early to close PDAs; Era 2 (January 2008 to June 2009) featured fluid
restriction and watchful waiting for PDA closure, limiting indomethacin or surgical ligation to
only those infants with large PDAs needing significant respiratory support.

Results: Era 2 infants (n = 129, mean + standard deviation 27 £ 2 weeks) received less and
later indomethacin and less Day 1-28 total fluids as compared to Era 1 infants (n = 240,
mean * standard deviation 27 £ 2 weeks). The Chronic Lung Disease (CLD) rate was higher in
Era 2 (48% versus 34%, P < 0.01) as was the combined outcome of Death after Day 7 or CLD
(57% versus 42%, P < 0.01). Multiple regression analysis showed Era 2 birth was a predictor of
CLD. However, Poisson regression analysis determined the predictors of all seven major Vermont
Oxford Network morbidities were earlier gestational age, lower birth weight, and male gender,
not the era of birth. Significantly more infants were discharged home with PDAs in Era 2.
Conclusion: Permissive tolerance of PDAs may increase the risk of CLD and Death after
Day 7 or CLD but is not associated with significant changes in other Vermont Oxford Network
morbidities.

Keywords: premature infant, indomethacin, surgical ligation, quality improvement

Introduction

Patent ductus arteriosus (PDA) is diagnosed in 37% of premature infants born
501-1500 g, and is apparently thought morbid by most neonatologists since 80% of
these PDA neonates receive indomethacin or ibuprofen and 19% undergo surgical
ligation.! Bose and Laughon? and Benitz** have emphasized the lack of convincing
evidence to support the common practice of early aggressive closure therapy and cau-
tion us to be skeptical because: (a) a causal relationship between the PDA and other
neonatal intensive care unit (NICU) morbidities is lacking, and (b) there has never
been a randomized controlled trial (RCT) with a true control group (no or substantially
delayed pharmacologic or surgical treatment).

Early reports of modest success in NICU quality improvement (QI) projects have
stoked the enthusiasm of attaining better outcomes safely and at lower cost.> Some
believed in what was essentially a business and manufacturing model of QI to be wholly
applicable to medical care.® The promise of QI has disappointed because meaningful,
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sustained gains in quality, safety, and efficiency have been
difficult to document.” For example, two large-scale collab-
orative QI efforts attempted to implement comprehensive
evidence-based practices to reduce Chronic Lung Disease
(CLD). In both the university setting and community NICUs,
time- and effort-intensive QI efforts have demonstrably failed
to reduce the rate of CLD.*?

The purpose of this investigation is to link the two themes
above to help meet the elusive 21st century goals of quality,
safety, and affordability.”® This study describes the attempt
to both: (a) manage the PDA in a less aggressive, evidence-
based manner that would minimize unproven therapies and
optimize overall morbidity, and (b) navigate the uncertainties,
provider vagaries, and unexpected outcomes inherent to QI
projects. As previously described, the authors’ initial permis-
sive PDA QI effort from a single NICU found a possible
increase in CLD and/or Mortality.!" Therefore, the current
analysis was expanded to include three more NICUs to both
increase the number of study infants with PDAs and learn
from the complexities of multiple-site QI efforts.

Study design

Approval for this investigation was obtained from the insti-
tutional review board of each hospital. The four participat-
ing NICUs are staffed by 21 neonatologists who engage in
group QI projects and data sharing, with some overlap of
staffing. All infants born 501-1500 g who were admitted
to the NICU, diagnosed with a PDA, and survived at least
7 days were included for analysis. No deaths before 7 days
were thought to be due to a PDA. This investigation was
conducted concurrently as a QI project at all four NICUs
during the exact same time period; no NICU was aware of
the other NICUs’ cumulative outcomes. The definition of
gestational age and all standard morbidities were taken from
Vermont Oxford Network’s (VON) manual of operations.'?
Specifically, a PDA was diagnosed in both eras if an infant
had evidence of a left-to-right shunt as documented by a sys-
tolic murmur, hyperdynamic precordium, bounding pulses,
wide pulse pressure, increased pulmonary vasculature or
cardiomegaly, and/or increased oxygen administration, or
echocardiographic demonstration of a PDA with a left-to-
right shunt.!? CLD was defined as any supplemental oxygen
use at 36 weeks gestational age.'? Nasal continuous positive
airway pressure (NCPAP) was used in both eras as the pri-
mary means of respiratory support in any infant with apnea
or a need for supplemental oxygen. Mechanical ventilation
and/or surfactant therapy were employed only if the infant
failed NCPAP (oxygen need > 40%, significant apnea).

The control period (ie, Era 1) was January 2005 to
December 2007, during which respiratory and PDA man-
agement was relatively uniform. Prophylactic indomethacin
was not given and no specific fluid restriction regimen was
recommended. Infants with PDAs were treated relatively
early with indomethacin if they received supplemental oxy-
gen and/or any level of NCPAP or mechanical ventilation.
One course of indomethacin dose was usually 0.2 mg/kg
given every 12-24 hours for three doses. Ibuprofen was not
used in either era. Surgical ligation was used for PDAs not
responsive to indomethacin.

After multiple group discussions among the staff at the
four participating NICUs, which included a comprehensive
review of the PDA literature and local VON outcomes data,
a permissive, less aggressive PDA approach was adopted for
Era 2 (January 2008 to June 2009). This time interval was pro-
spectively chosen to be adequate to detect important clinical
differences in outcomes but not so long as to potentially put
an undue number of infants at risk for significant morbidities
related to untreated PDAs. The Era 2 PDA management guide-
lines emphasized NCPAP as the primary means of respiratory
support, recommended modest fluid restriction, and encouraged
watchful waiting for spontancous PDA closure. A PDA was
considered for more aggressive therapy only if adequate oxy-
genation and ventilation could not be maintained on NCPAP at
5-6 cm water pressure, an increasing oxygen need > 40%, or
if the infant could not be weaned from mechanical ventilation.
At that point an echocardiogram was obtained and only those
infants with significantly large PDAs were treated with indo-
methacin (size > 2-3 mm, a left-to-right shunt, and left atrial
and left ventricular enlargement). Biomarkers such as B-type
natriuretic peptide were not used in either era. Echocardiograms
after therapy were done at the clinician’s discretion based upon
physical findings and the clinical course. Surgical ligation was
used ifthe symptomatic PDA was unresponsive to indomethacin.
Although not a rigid practice parameter, physicians were urged
to follow these guidelines knowing that a before—after obser-
vational study was being conducted. Identical criteria were
used in both eras to diagnose a PDA (VON criteria). Oxygen
saturation targeting with pulse oximetry was similar in both eras:
86%—94% for any infant receiving supplemental oxygen. In both
eras, the hemoglobin level was generally maintained =12 g/dL
if an infant was on a ventilator, =9-10 g/dL if on NCPAP,
and =8 g/dL in all others.

For comparison of categorical variables, Chi-
squared or Fisher’s exact tests were used. For continuous
variables, Student’s #-tests or Mann—Whitney U tests were
used where applicable. The Likelihood Ratio Test was used to
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test the NICU VON morbidity rates ratio. Stepwise Poisson
regression with the NICU center as a random effect was used
to determine the predictors for multiple NICU morbidities,
with length of stay as the offset variable. Stepwise logistic
regression was used to determine the predictors of CLD. The
era of birth was forced into the models to evaluate its effect
when adjusted by the predictors. Statistical analysis was
performed using PASW Statistics 17 (SPSS Inc, Chicago,
IL, USA), and R 2.11 (http://www.R-project.org).

Results

Ofall infants born 501-1500 g, 36% and 33% were diagnosed
with a PDA and survived the first week of life in Era 1 and
Era 2, respectively, and only PDA infants were included in the
analysis. Providence St Vincent Medical Center contributed
57% of the study infants,'' Randall Children’s Hospital 32%,
Salem Hospital 8%, and Legacy Salmon Creek 3%. Table 1
describes the study infants and a profile of the clinical manage-
ment. Era 2 infants received less Day 1-28 total fluids, less
and later indomethacin, and later surgical ligation (P < 0.001).
There were no significant differences in surfactant use, supple-
mental oxygen, or mechanical ventilation days; however,
NCPAP was used more in Era 2 (P < 0.02) (Table 2).

Table | Clinical characteristics, total fluids, indomethacin use,
and surgical ligation in Era | versus Era 2

Era | Era 2 P-value
Number of infants 240 129
Postmenstrual age, weeks 274+20 273+21 054
(mean £ SD)
Birth weight, g (mean £ SD) 989+229 951+274 0.16
Race 0.70
Caucasian 73% 69%
Hispanic 1% 16%
Asian 10% 9%
African American 4% 5%
Other 1% 2%
Male gender 55% 47% 0.12
Daily total fluids, IV plus oral, mL/kg/day (mean £ SD)
Day 1-28 142+ 11 132+9 <0.001
Week | 127 £ 20 115+ 14 <0.001
Week 2 144 £ 15 134+ 12 <0.001
Week 3 148 £ 15 139+ 14 <0.001
Week 4 I51£12 141 + 14 <0.001
Indomethacin given 79% 26% <0.001
Second course of indomethacin ~ 34% 12% <0.001
Day of life at first dose 4 (1-18) 13 (1-32)  <0.001
(median [range])
Surgical ligation 44% 38% 0.27
Day of life at surgical ligation Il (2-74) 20 (5-71) <0.00l

(median [range])

Abbreviations: |V, intravenous; SD, standard deviation.

Table 2 Respiratory support in Era | versus Era 2

Era | Era 2 P-value
Number of infants 240 129
Surfactant 79% 79% 0.98
Supplemental oxygen, days 38 42 0.53
(median [range]) (0-129) (0-115)

Required nasal continuous 94% 91% 0.22
positive airway

Nasal continuous positive airway 22 26 0.02
pressure, days (median [range])* (1-67) (1-95)
Required any mechanical ventilation ~ 79% 81% 0.67
Mechanical ventilation, days 7 8 0.29
(median [range])* (1-51) (1-87)
Steroids for Chronic Lung Disease 8% 4% 0.17

Note: *If respiratory support needed.

Table 3 lists the principle outcomes of the investigation,
ie, the attempt to gauge the overall VON morbidity profile
(CLD, grade III/IV intraventricular hemorrhage, periven-
tricular leukomalacia, stage III/IV retinopathy of prematurity,
necrotizing enterocolitis, spontaneous intestinal perforation,
and any late infection — all weighted equally). CLD (34%—
48%) and the combined outcome of Mortality after Day 7
or CLD (42%-57%) were both significantly increased in Era
2 (P < 0.01). There were no other significant differences in
morbidities, number of morbidities per infant, or the Likeli-

Table 3 Vermont Oxford Network clinical outcomes in Era |
versus Era 2

Era | Era 2 P-value
Number of infants 240 129
Mortality after Day 7 9% (22) 13% (17) 0.23
Chronic Lung Disease 34% (78/230)  48% (59/122) <0.01
Mortality after Day 7 or 42% (100) 57% (73) <0.01
Chronic Lung Disease
Grade lI/IV intraventricular ~ 10% (24) 8% (10) 0.48

hemorrhage

Periventricular leukomalacia 4% (9/235) 2% (2/128) 0.23

Necrotizing enterocolitis 8% (19) 10% (13) 0.48
Spontaneous intestinal 4% (9) 4% (5) 0.95
perforation
Late onset sepsis 13% (31) 15% (19) 0.63
Retinopathy of prematurity 0.26
None 58% (118/202) 51% (60/117)
Stage /Il 31% (63/202)  40% (47/117)
Stage Il/IV 10% (21/202) 9% (10/117)
Total length of stay, 68 £29 73£30 0.07
days (mean £ SD)
Number of NICU 0.8 0.9 0.12
morbidities/infant
Morbidity rates per day 0.0l 0.01 0.56*
of NICU stay

Notes: *Likelihood Ratio Test for Poisson rates ratio; Data presented as % (n)
unless otherwise stated.
Abbreviations: NICU, neonatal intensive care unit; SD, standard deviation.
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hood Ratio Test for Poisson morbidity counts. To further
examine the possible impact of permissive PDA management,
Figure 1 shows the percentage of infants in each era that had
none or at least one of the seven major VON morbidities.
There was no indication that the Era 2 management improved
or worsened the overall morbidity burden.

Table 4 shows the logistic regression predictors of CLD
to be earlier postmenstrual age, lower birth weight, and Era
2 birth. However, Poisson regression count for the number
of major VON morbidities shows that earlier postmenstrual
age, lower birth weight, and male gender to be predic-
tive of adverse outcomes, not the era of birth (Table 5).
Significantly more infants were discharged home with a
persistent PDA in Era 2 (29/129; 22%) than in Era 1 (13/240;
5%) (P < 0.001). Fourteen percent (4/29) of the persistent
PDAs in Era 2 required later coiling versus 15% (2/13) in
Era 1 (P> 0.99).

Discussion

This QI project, a before—after observational study in two
distinct time periods, involving four NICUs has attempted
to implement an evidence-based consensus protocol that
has facilitated less aggressive PDA management and is the
largest investigation of its kind to date. From this study we
learned: (a) permissive tolerance of significant PDAs may
increase the risk of CLD and Mortality after Day 7 or CLD,
(b) the overall NICU morbidity burden including all the
principle VON diagnoses was not changed by less aggressive
PDA management, and (c) the context in which potentially

100%
Number of NICU
morbidities
o/ |
.ﬂ 80% None
% One
'E Two
w 60%- Three
g Four
(<))
I} 0,
€ 40 %
(]
o
1
[
O 20%-
0% -

Era 1

Era 2

Figure | The percentage of infants with none or at least one of the seven major
Vermont Oxford Network morbidities in Era | versus Era 2. Chronic Lung Disease,
grade Ill/IV intraventricular hemorrhage, periventricular leukomalacia, stage III/
IV retinopathy of prematurity, necrotizing enterocolitis, spontaneous intestinal
perforation, and any late infection all weighted equally.

Abbreviation: NICU, neonatal intensive care unit.

Table 4 Predictors identified by logistic regression for Chronic
Lung Disease

Predictors for Chronic Odds ratio P-value
Lung Disease (95% CI)

Postmenstrual age (by week) 0.81 (0.68-0.97) 0.02
Birth weight (by 100 g) 0.76 (0.66-0.87) <0.001
Era2 1.77 (1.07-2.91) 0.03

Abbreviation: Cl, confidence interval.

better practices are implemented contain sizable human fac-
tors related to physician perception and skill, NICU decision-
making culture, and unmeasured biologic variables. Based
on this QI experience, Table 6 shows our newly revised 2012
PDA management protocol. This is believed to be a balanced
sensibility of: (a) minimizing unproven PDA therapies, (b)
improving clinical acumen thought to be necessary to prevent
the premature infant from excessive exposure to prolonged,
significant PDA physiology, and (c) heightened clinician
awareness of rational QI methodology.

RCTs related to PDA management have generally
compared prophylactic or early intervention therapies with
moderately early interventions, and have not answered the
primary question of whether PDAs need pharmacologic or
surgical treatment in the first place.* Recently, Sosenko et al
conducted a small RCT comparing early ibuprofen treatment
of PDAs (Day 3) with expectant management. Fewer infants
in the expectant group required ibuprofen and the initiation
of treatment was delayed to Day 11. Of interest, there were
no significant differences in the surgical ligation rate or a
broad array of NICU morbidities."

Conducting and publishing QI efforts is an important task
to promote transparency and disseminate knowledge as to why
interventions succeed or fail, and if rigorous pre- and postint-
ervention data collection are analyzed, then bias and con-
founders are reduced.'* Berwick has highlighted the complex
challenge of improving the science of QI while accounting for

Table 5 Predictors identified by Poisson regression for the
number of neonatal intensive care unit morbidities (Chronic Lung
Disease, grade IlI/IV intraventricular hemorrhage, periventricular
leukomalacia, stage lIl/IV retinopathy of prematurity, necrotizing
enterocolitis, spontaneous intestinal perforation, and any late
infection), all weighted equally

Predictors for multiple Rate ratio P-value
NICU morbidities (95% CI)

Postmenstrual age (by week) 0.90 (0.82-0.99) 0.03
Birth weight (by 100 g) 0.86 (0.80-0.93) <0.001
Male gender 1.31 (1.04-1.67) 0.02
Era 2 0.97 (0.76—1.24) 0.8l

Abbreviations: Cl, confidence interval; NICU, neonatal intensive care unit.
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Table 6 2012 revised Portland patent ductus arteriosus
management guidelines

Emphasize a careful physical exam with appreciation of PDA signs,
symptoms, risk factors, and natural history. Continuity of care, with
repeat exams and clinical assessment of respiratory support,

is fundamental.

Emphasize noninvasive respiratory support using NCPAP.
Continue fluid restriction advancing gradually up to 120-130 mL/kg/day
total fluids while the PDA is present.

Prophylactic use of indomethacin is contraindicated and early use
at <7 days is usually unnecessary.

The indication for pharmacologic treatment is based upon a contextual
amalgam of concerning or deteriorating parameters such as a more
prominent murmur, lower diastolic blood pressure, bounding pulses,
decreased perfusion, increasing apnea, increasing NCPAP, and/or
fractional inspired oxygen, inability to wean or extubate, feeding
intolerance, worsening radiograph, or pulmonary hemorrhage.
Biomarkers such as B-natriuretic peptide are not acceptably predictive
as yet, so are not recommended.

Obtain an echocardiogram if concerning signs and symptoms of the PDA
are persisting despite conservative measures over time to help decide if
pharmacologic or surgical treatment might be necessary.

A hemodynamically significant PDA generally means the diameter

is =2-3 mm (although this is infant size dependent), with a left-to-right-
shunt, AND significant left atrial and left ventricular enlargement.
Consider indomethacin therapy (one course = 0.2 mg/kg IV every
12-24 hours X three doses) if the echocardiographic findings
corroborate a significant PDA contribution to the clinical picture of
concerning or deteriorating parameters.

There is insufficient data to recommend ibuprofen rather than
indomethacin, but it can be used if a shortage of indomethacin exists.

Repeat echocardiography is recommended to help decide whether

a second course of indomethacin is necessary (third course not
recommended). Echocardiography is recommended at some point
before discharge to examine PDAs that required pharmacologic closure
therapy or if there are persistent signs of patency. Careful follow-up
with cardiology is warranted in all PDAs still present at discharge.

Consider surgical ligation of the PDA if indomethacin is ineffective
or contraindicated, and concerning clinical parameters persist.

Abbreviations: IV, intravenous; NCPAP, nasal continuous positive airway pressure;
PDA, patent ductus arteriosus.

the impact of local culture (context + mechanism = outcome),
and observational trials such as the current study can be
helpful in clinical dilemmas that lack RCTs because of high
complexity or cost, lack of equipoise, and external validity
questions.!>!¢ Davidoff goes further and states that there is a
substantial moral element to QI, an ethical duty for physicians
to balance individual patient safety with the overall com-
munity health needs in a fair and cost-effective manner that
recognizes basic frameworks of epistemology.'’

It is vital in QI projects to determine whether the
recommended protocol and process of care was actually

followed, rather than simply reporting outcomes.'® In the
current study, the Era 2 PDA management could be seen as
permissive and less aggressive, a reversal of many new NICU
therapies over the past 30 years which generate enthusiasm
(and expense) but later disappoint.”!* Table 1 shows Era
2 to be notable for 67% fewer PDA infants receiving any
indomethacin and, if given, was started ~9 days later, with
fewer second courses administered. The surgical ligation rate
trended downward and, if done, occurred ~9 days later. It is
unlikely the modest 7% decrease in Day 1-28 total fluids
had any beneficial effect.® Even with consensus guidelines,
there remained unmeasured physician variability recognizing,
and (dis)comfort managing, chronic PDAs. It is biologically
plausible that a sustained left-to-right shunt for weeks might
increase the risk of CLD,?! and it was not quantified exactly
how or when a clinician determined whether a PDA was
“significant.” There is concern with the increased CLD and
Mortality after Day 7 or CLD, but reassurance is provided by
the lack of increase in the adjusted risk of single or combina-
tion counts of the seven major VON morbidities (all weighted
equally) in Era 2 (Table 5 and Figure 1). In Era 2, more infants
were discharged home with a persistent PDA but the majority
resolved spontaneously with no obvious ill effects; the need
for outpatient coiling closure was similar between eras.

To improve outcomes, it is the authors’ hope that by
reemphasizing the importance of evaluating the PDA in a
multivariable, contextual manner over time — with cyclooxy-
genase inhibitors or surgical ligation used judiciously — CLD
and Mortality can be reduced and a favorable overall mor-
bidity profile can be maintained (Table 6). Biomarkers such
as B-type natriuretic peptide have not been used as yet, as
definitive studies that demonstrate acceptable predictive
value are waited upon.?? The authors agree with McNamara
and Sehgal that sophisticated clinical and echocardiographic
staging will likely prove valuable in helping to determine
which PDAs are hemodynamically significant, and it is
emphasized that the authors’ amended guidelines (reformu-
lated with cardiologists input; Table 6) are consistent with
such staging.?® It is suspected that definitive RCTs are not
forthcoming because of complex issues of customary therapy,
equipoise, and expense.

Limitations of this investigation include the nonran-
domized design, the lack of absolute strict adherence to
the protocol, and incomplete measure of every variable that
might affect PDAs — a common challenge with QI projects.
The investigation did not determine the optimal strategy
to manage the PDA and reduce overall NICU morbidity.
However, this study had 100% participation of all very
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low birth weight infants with PDAs, something a consent-
requiring RCT would not have achieved. The current study
is easily the largest to date to employ a permissive PDA
strategy and a wide spectrum of NICU therapies and out-
comes were carefully documented. A definitive multicenter
RCT is needed to define the optimal timing and method to
treat symptomatic PDAs (and to clarify what “symptom-
atic” means). In the meantime, based on the Era 2 results,
the authors plan to use the revised 2012 PDA guidelines
(Table 6) and will scrutinize the resultant NICU outcomes
using pragmatic QI methodology with the goal of reporting
these Era 3 outcomes.
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