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A B S T R A C T

Background

Persistent pulmonary hypertension of the newborn (PPHN) is a clinical syndrome characterized by suboptimal oxygenation as a result of
sustained elevation in pulmonary vascular resistance after birth. Currently, the therapeutic mainstay for PPHN is optimal lung inflation
and selective vasodilatation with inhaled nitric oxide (iNO). However, iNO is not available in all countries and not all infants will respond
to iNO. Milrinone is a phosphodiesterase III inhibitor which induces pulmonary vasodilatation by its actions through a cyclic adenylate
monophosphate mediated signaling pathway.

Objectives

To assess efficacy and safety in infants with PPHN either treated with: milrinone compared with placebo or no treatment; milrinone com-
pared with iNO; milrinone as an adjunct to iNO compared with iNO alone; milrinone compared with potential treatments for PPHN other
than iNO.

Search methods

We searched the Cochrane Central Register of Controlled Trials (The Cochrane Library, Issue 2, 2010), MEDLINE and EMBASE databases
from their inception until January 2010. We searched the reference lists of potentially relevant studies without any language restriction.

Selection criteria

Fully published randomized controlled trials (RCTs) and quasi-RCTs comparing milrinone with placebo, iNO or potential treatments other
than iNO in neonates with PPHN were included if trials reported any clinical outcome.

Data collection and analysis

We found no studies meeting the criteria for inclusion in this review.

Main results

We found no studies meeting the criteria for inclusion in this review.

Authors' conclusions

The efficacy and safety of milrinone in the treatment of PPHN are not known and its use should be restricted within the context of RCTs.
Such studies should address a comparison of milrinone with placebo (in clinical situations where iNO is not available) or, in well resourced
countries, should compare milrinone with iNO or as an adjunct to iNO compared with iNO alone.
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P L A I N   L A N G U A G E   S U M M A R Y

Milrinone for persistent pulmonary hypertension of the newborn

Persistent pulmonary hypertension of the newborn (PPHN) is a condition caused by a failure in the systemic and pulmonary circulation to
convert from the antenatal circulation pattern to the normal postnatal pattern. Due to persistent high pressure in the pulmonary vessels,
less than normal blood flows to the lungs and thus less oxygen reaches the organs of the body. Milrinone may cause the pulmonary vessels
to relax and allow for an increased oxygen supply for the body. However, the review found no trials of the use of milrinone for babies with
persistent pulmonary hypertension. Research is needed into the effects of milrinone on PPHN.
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B A C K G R O U N D

Description of the condition

Persistent pulmonary hypertension of the newborn (PPHN) is a clin-
ical syndrome characterized by suboptimal oxygenation as a re-
sult of sustained elevation in pulmonary vascular resistance af-
ter birth. In PPHN, there is vasoconstriction of the pulmonary ves-
sels that may occur secondary to one of several reasons (e.g. pro-
longed hypoxemia, perinatal ischemic injury or an underlying lung
parenchymal disease process). When the pulmonary vascular re-
sistance exceeds the systemic vascular resistance, a right to leG
shunt of deoxygenated blood occurs through the persistent fora-
men ovale (PFO) or ductus arteriosus (PDA) resulting in hypoxemia.

The incidence of PPHN of the newborn ranges between 0.4 and 6.8
per 1000 live births (Walsh-Sukys 2000). Extracorporeal membrane
oxygenation (ECMO) has been used in term and near term infants
with hypoxic respiratory failure, including infants with PPHN (UK
Collaborative ECMO Trial Group 1995; Mugford 2008). Although ex-
pensive and highly invasive, ECMO has proven to be life saving in
many of these infants. PPHN can also be treated with inhaled ni-
tric oxide (iNO). iNO reduces the need for ECMO in term and near
term infants with hypoxic respiratory failure (Finer 2001). It remains
controversial as to whether iNO may confer benefit to preterm in-
fants with hypoxic respiratory failure (Barrington 2001). Further-
more, between 30% and 40% of the term and near term infants
treated with iNO still require ECMO or die (NINOS 1997).

Other interventions that have been used for the treatment of PPHN
include alkalization, hyperventilation, and vasodilators, such as
tolazoline. The use of alkalinizing agents and hyperventilation is
controversial. The short-term beneficial physiologic change that
has been seen in some observational studies following these inter-
ventions has not been systematically studied in controlled trials
(Walsh-Sukys 2000; Farrow 2005). There are a number of adverse
outcomes related to these interventions that also seem to apply
when vasodilators such as tolazoline are used for the treatment
of PPHN (Stevens 1980; Farrow 2005). More recently, phosphodi-
esterase inhibitors, such as sildenafil (PDE V inhibitor) and milri-
none (PDE III inhibitor) have been used for the treatment of PPHN
(Bassler 2006; McNamara 2006; Shah 2007).

Description of the intervention

Milrinone is a selective inhibitor of type III cAMP phosphodiesterase
isoenzyme in cardiac and vascular muscle. It has both positive in-
otrope and vasodilator effects (Levy 2000). Milrinone has been com-
pared to placebo in randomized controlled trials (RCTs) in children
with septic shock (Barton 1996),  to improve low cardiac output
in children and infants after heart surgery (Hoffman 2003) and to
prevent low systemic blood flow in very preterm infants (Paradi-
sis 2009). In two recent uncontrolled case series including a total
of 13 neonates, infants with severe PPHN showed improvements
in their cardiovascular and respiratory status after being treated
with a combination of iNO and milrinone (Bassler 2006; McNamara
2006). However, in one case series including four patients, two de-
veloped serious intraventricular hemorrhage (IVH), and one had a
small IVH (Bassler 2006).

A dosage regimen for milrinone in preterm infants has been estab-
lished (Paradisis 2007) and population pharmacokinetics of milri-
none in neonates with hypoplastic leG heart syndrome undergo-

ing stage I reconstruction have been performed (Zuppa 2006). Cur-
rently, a pharmacokinetic study of milrinone in infants with PPHN
is ongoing (Kirpalani). In this study, infants already receiving iNO
are randomized to one of two dosing regimens of milrinone (high
dose: 50 mcg/kg IV load followed by 0.5 mcg/kg/min infusion IV for
24 hours; low dose: 20 mcg/kg IV load followed by 0.2 mcg/kg/min
infusion IV for 24 hours).

How the intervention might work

Since the pulmonary vasodilation following inhalation of NO is me-
diated by increased cyclic guanosine monophosphate (cGMP) in
vascular smooth muscle, specific phosphodiesterase inhibitors (by
preventing/delaying cGMP or cAMP breakdown) can cause acute
pulmonary vasodilation, and enhance the pulmonary vasodilator
response to iNO (Clarke 1994). Milrinone may be an attractive ad-
junctive therapy in the treatment of PPHN, to enhance pulmonary
vasodilator response to iNO, and attenuate the rebound effect ob-
served in some infants with PPHN upon withdrawal of iNO.

Why it is important to do this review

Since iNO is not a panacea for pulmonary hypertension and since
there are concerns regarding escalating costs of iNO therapy, other
options for therapy are being actively explored.

O B J E C T I V E S

To assess mortality and neurodevelopment in infants with PPHN
either treated with:

• milrinone compared with placebo or no treatment;

• milrinone compared with iNO;

• milrinone as an adjunct to iNO compared with iNO alone;

• milrinone compared with potential treatments for PPHN other
than iNO.

To estimate the effect on primary outcome measures in the follow-
ing subgroups: preterm (less than 37 weeks' gestation) versus term
infants; infants with underlying conditions such as congenital di-
aphragmatic hernia versus infants with no such conditions; severi-
ty of PPHN (oxygenation index more or less than 20); dose of milri-
none (more or less than 0.5 μg/kg/min); duration of treatment with
milrinone (more or less than three days); methodological quality
of studies [studies with at least four methodological criteria (ade-
quate randomization, allocation concealment, blinding of parents,
blinding of caregivers, blinding of assessors of outcome, complete-
ness of follow-up (over and under 90%) in randomized subjects for
the primary outcome defined as "yes" versus studies that meet few-
er than four methodological criteria].

M E T H O D S

Criteria for considering studies for this review

Types of studies

We considered fully published RCTs and quasi-RCTs for this review
if they assessed any clinical outcome.

Types of participants

Any term and preterm infants (less than 37 weeks' gestation) with
PPHN (either diagnosed clinically and/or by at least one of the fol-
lowing echocardiographic findings (high right ventricular systolic
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pressure, right to leG or bidirectional shunt at PFO or PDA, severe
tricuspid regurgitation).

Types of interventions

We considered studies comparing the following interventions: mil-
rinone as an adjunct to iNO compared with iNO alone; milrinone
compared with iNO; milrinone compared with potential treatments
for PPHN other than iNO (such as hyperventilation, alkalinization,
tolazoline and ECMO); milrinone compared with placebo or no
treatment. We considered any dose and any duration of milrinone
therapy for this review.

Types of outcome measures

Primary outcomes

• Mortality (measured in the first week of life, in the first 28 days
of life, up to the time of discharge from hospital).

• Neurodevelopment (assessed by the presence of cerebral palsy,
cognitive delay, blindness or deafness, and the Bayley Scales of
Infant Development-II) assessed after 18 months of life.

Secondary outcomes

• Intraventricular hemorrhages (IVH) on ultrasounds (any grade
by Papille classification) assessed at any point in time.

• Severe IVH on ultrasounds (grades 3 and 4 by Papille classifi-
cation and periventricular echodensity (PVED)) at any point in
time.

• ECMO therapy.

• Duration of mechanical ventilation (days).

• Duration of iNO therapy (days)*.

• Infants receiving iNO as rescue therapy**.

• Duration of therapy with inotropes (days).

• Systemic hypotension (defined as any hypotension requiring
treatment) within six hours following initiation of milrinone
therapy.

• Bronchopulmonary dysplasia (defined as oxygen requirements
at 36 weeks postmenstrual age).

• Any adverse events reported in the primary studies.

*we will assess only for the following comparison: milrinone as an
adjunct to iNO compared with iNO alone.

**we will assess only for the following comparisons: milrinone com-
pared with potential treatments for PPHN other than iNO; milri-
none compared with placebo or no treatment.

Post hoc analyses

• We considered all other clinical outcomes reported in the stud-
ies for this review.

Search methods for identification of studies

See: Collaborative Review Group search strategy. We used the stan-
dard search method of the Cochrane Neonatal Review Group.

Electronic searches

We used the following terms to search the electronic data-
bases (Milrinone OR phosphodiesterase inhibitor OR phosphodi-
esterase-III inhibitor OR PDE inhibitor OR PDE-III inhibitor). We used
the standard search strategy of the Cochrane Neonatal Review

Group; this includes electronic searches of the Cochrane Central
Register of Controlled Trials (CENTRAL, The Cochrane Library, Issue
2, 2010). A MEDLINE search (1966 to January 2010) was limited to
clinical trials and by age to newborn (birth to one month). We per-
formed further searches in EMBASE. We applied no language re-
striction. We cross checked references from identified studies for
possible additional studies. In this review, we considered only fully
published studies for inclusion.

Searching other resources

We also searched clinical trials registries for ongoing or recent-
ly completed trials (clinicaltrials.gov; controlled-trials.com; and
who.int/ictrp)

Data collection and analysis

Selection of studies

We considered studies comparing four different interventions for
this review (see Types of interventions above). These compar-
isons constitute four separate groups, and we considered separate
analysis. Two review authors examined the abstract of each refer-
ence generated by the literature search for inclusion criteria; where
relevant, we obtained a full article.

Data extraction and management

We planned to have two review authors independently extract data
from included studies on data collection forms. We planned to re-
quest additional information from the authors of each trial to clar-
ify methodology and results as necessary.

Assessment of risk of bias in included studies

Two authors (DB, KK) reviewed the relevant studies for method-
ological quality. If necessary, we discussed areas of disagreement
with a third author; we required that consensus be reached before
analysis of the results. Criteria for assessing methodological qual-
ity were: adequate randomization, allocation concealment, blind-
ing of parents, blinding of caregivers, blinding of assessors of out-
come, completeness of follow-up (over and under 90%) in random-
ized subjects for the primary outcome. We defined all criteria as
"yes", "no" or "unsure". If available, we added this information to
the Characteristics of included studies table.

In addition, we planned to evaluate the following issues and enter
this information into the Risk of Bias table:

(1) Sequence generation (checking for possible selection bias). Was
the allocation sequence adequately generated?

For each included study, we planned to categorize the method used
to generate the allocation sequence as: 

- adequate (any truly random process e.g. random number table;
computer random number generator);

- inadequate (any non-random process e.g. odd or even date of
birth; hospital or clinic record number); 

- unclear. 

(2) Allocation concealment (checking for possible selection bias).
Was allocation adequately concealed?

Milrinone for persistent pulmonary hypertension of the newborn (Review)
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For each included study, we planned to categorize the method used
to conceal the allocation sequence as:

- adequate (e.g. telephone or central randomization; consecutively
numbered sealed opaque envelopes);

- inadequate (open random allocation; unsealed or non-opaque en-
velopes, alternation; date of birth);

- unclear. 

(3) Blinding (checking for possible performance bias). Was knowl-
edge of the allocated intervention adequately prevented during the
study? At study entry? At the time of outcome assessment?

For each included study, we planned to categorize the methods
used to blind study participants and personnel from knowledge
of which intervention a participant received. Blinding was as-
sessed separately for different outcomes or classes of outcomes.
We planned to categorize the methods as:

- adequate, inadequate or unclear for participants;

- adequate, inadequate or unclear for personnel;

- adequate, inadequate or unclear for outcome assessors.

In some situations there may be partial blinding e.g. where out-
comes are self-reported by unblinded participants but they are
recorded by blinded personnel without knowledge of group assign-
ment. Where needed, “partial” was added to the list of options for
assessing quality of blinding. 

(4) Incomplete outcome data (checking for possible attrition bias
through withdrawals, dropouts, protocol deviations). Were incom-
plete outcome data adequately addressed?

For each included study and for each outcome, we planned to de-
scribe the completeness of data including attrition and exclusions
from the analysis. We planned to note whether attrition and exclu-
sions were reported, the numbers included in the analysis at each
stage (compared with the total randomized participants), reasons
for attrition or exclusion where reported, and whether missing data
were balanced across groups or were related to outcomes. Where
sufficient information was reported or supplied by the trial authors,
we re-included missing data in the analyses. We planned to catego-
rize the methods as:

- adequate (less than 20% missing data);

- inadequate (more than 20% missing data):

- unclear.

(5) Selective reporting bias. Are reports of the study free of sugges-
tion of selective outcome reporting?

For each included study, we planned to describe how we investigat-
ed the possibility of selective outcome reporting bias and what we
found. We planned to assess the methods as:

- adequate (where it is clear that all of the study’s pre-specified out-
comes and all expected outcomes of interest to the review have
been reported);

- inadequate (where not all the study’s pre-specified outcomes have
been reported; one or more reported primary outcomes were not
pre-specified; outcomes of interest are reported incompletely and
so cannot be used; study fails to include results of a key outcome
that would have been expected to have been reported);

- unclear.

(6) Other sources of bias. Was the study apparently free of other
problems that could put it at a high risk of bias?

For each included study, we planned to describe any important
concerns we had about other possible sources of bias (for example,
whether there was a potential source of bias related to the specific
study design or whether the trial was stopped early due to some da-
ta-dependent process). We planned to assess whether each study
was free of other problems that could put it at risk of bias as:

- yes; no; or unclear.

If needed, we planned to explore the impact of the level of bias
through undertaking sensitivity analyses.

Measures of treatment e<ect

For dichotomous outcomes, we planned to express treatment ef-
fects as relative risk (RR), for continuous outcomes as a mean dif-
ference (MD), both with a 95% confidence interval (CI) as a measure
of uncertainty.

Assessment of heterogeneity

We planned to estimate the treatment effects of individual trials
and examine heterogeneity between trials by inspecting the forest

plots and quantifying the impact of heterogeneity using the I2 sta-
tistic. If we detected statistical heterogeneity, we planned to ex-
plore the possible causes (for example, differences in study quality,
participants, intervention regimens, or outcome assessments) us-
ing post hoc subgroup analyses. We planned to use a fixed-effect
model for meta-analysis.

Data synthesis

If appropriate, we planned to perform meta-analyses of pooled da-
ta from all contributing trials using a random-effects model. We
planned to assess heterogeneity in the results of the trials by cal-

culating a test of heterogeneity and an I2 test. We intended to use
the results of these tests as a trigger to explore sources of hetero-
geneity. We planned to do data entry by two review authors inde-
pendently and to analyze the data using Review Manager 5 (RevMan
2008).

Subgroup analysis and investigation of heterogeneity

We planned to carry out analyses for the following subgroups:
preterm (less than 37 weeks' gestation) versus term infants; infants
with underlying conditions such as congenital diaphragmatic her-
nia versus infants with no such conditions; severity of PPHN (Oxy-
genation Index less than 20); dose of milrinone (more or less than
0.5 μg/kg/min); duration of treatment with milrinone (more or less
than three days); methodological quality of studies (studies with at
least four methodological criteria defined as "yes" versus studies
that meet less than four methodological criteria).
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R E S U L T S

Description of studies

We found no randomized studies meeting the inclusion criteria for
this review. A pharmacokinetic study of milrinone in infants with
PPHN is ongoing (Kirpalani). Its results will be useful to enable a
randomized trial of the intervention in infants with PPHN. Most ran-
domized studies identified, either included children after cardiac
surgery (Hoffman 2003), children with septic shock (Barton 1996) or
preterm infants at risk for low systemic blood flow (Paradisis 2009).

We identified two case series of neonates with severe PPHN that
received treatment with milrinone by the search strategy. Bassler
2006 retrospectively examined data for four infants with PPHN
(three term, one preterm) who received a combination of iNO
and milrinone. Primary causes of PPHN included oligohydramnios,
pneumothoraces and meconium aspiration syndrome. All four cas-
es were unresponsive to therapy including iNO, with a mean oxy-
genation index (OI) of 40 (standard deviation (SD) 12) before milri-
none. The dosing of milrinone was based on data from the random-
ized PRIMACORP study that aimed at preventing low cardiac output
syndrome in infants and children after corrective surgery for con-
genital heart disease (Hoffman 2003). Infants were loaded with 50
µg/kg over 20 minutes, followed by a continuous infusion of 0.33
µg/kg/min. The OI of all four cases improved after milrinone (mean
OI 28, SD 16) and all infants could be extubated and survived. How-
ever, of four patients, two developed serious intraventricular hem-
orrhages (IVHs) and one had a small IVH. None of the four infants
had systemic hypotension following milrinone.

McNamara 2006 retrospectively examined data for nine term in-
fants with PPHN and echocardiographic confirmation with a mean
baseline OI of 28.1 (SD 5.9) who received milrinone after a poor ini-
tial response to iNO treatment. The etiology of PPHN was meco-
nium aspiration syndrome, birth asphyxia, transient tachypnea of
the newborn and sepsis. Intravenous milrinone was started at a
dose of 0.33 µg/kg/min without a loading dose. The dose was titrat-
ed according to the clinical response and increased in increments
of 0.33 to a maximum of 0.99 µg/kg/min. Oxygenation index was
significantly reduced after milrinone, particularly in the immediate
24 hours of treatment (mean 8.0; SD 6.6). Eight of nine infants sur-
vived. Intensive care support was withdrawn on the infant who died
on the grounds of severe asphyxia and poor neurodevelopmental
prognosis. As in the other case series, infants who received milri-
none did not develop systemic hypotension. None of the infants de-
veloped an IVH.

Risk of bias in included studies

We found no studies meeting the inclusion criteria for this review.

E<ects of interventions

We found no studies meeting the inclusion criteria for this review.

D I S C U S S I O N

Given that we found no randomized controlled trials which ad-
dress the use of milrinone in infants with PPHN, this systematic re-
view does not establish if such a treatment reduces mortality and
neurodevelopmental impairment in affected neonates. The search
strategy used for this review did identify two small case series, but
no controlled clinical trial data. These retrospective studies, while
highlighting some possible benefits and dangers associated with
the use of milrinone, cannot be used to establish firm practice rec-
ommendations, and future RCTs are needed.

Such trials could be challenging and likely require a multicenter
collaboration due to the relatively low incidence of PPHN. Initial
randomized studies should include term infants with severe PPHN
(OI > 25) and an optimal dosing regimen of milrinone in such infants
needs to be established prior to the start of the study. Pharmacoki-
netic data of milrinone in neonates with hypoplastic leG heart syn-
drome undergoing reconstruction (Zuppa 2006) and in preterm in-
fants born before 29 weeks' gestation (Paradisis 2007) are already
reported, and pharmacokinetic data of milrinone in infants with
PPHN are currently collected (Kirpalani). In regards to the appro-
priate comparison, studies in wealthy countries would require that
milrinone be compared to other established therapies for PPHN,
such as inhaled NO or as an adjunct to iNO compared with iNO
alone. Settings with limited resources in which iNO therapy is not
available could provide a platform for studies comparing milrinone
with best alternative therapy or with placebo, provided that ethical
issues are considered. A reduction in the rate of death and/or need
for ECMO could be used as a primary short-term outcome in initial
studies but long-term data will be needed to ensure safety.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

The efficacy and safety of milrinone are not known and its use
should be restricted within the context of RCTs.

Implications for research

RCTs are needed to support or refute the administration of mil-
rinone to infants with PPHN. In wealthy countries, future studies
should compare milrinone with iNO or as an adjunct to iNO com-
pared with iNO alone. In countries in which inhaled NO is not avail-
able, studies could address a comparison of milrinone with place-
bo, provided that ethical issues are considered or with best alterna-
tive therapy. A reduction in the rate of death and/or need for ECMO
could be used as a primary short-term outcome in initial studies,
but long-term data will be needed to ensure safety.
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of milrinone in neonates with hypoplastic leG heart syndrome undergoing stage I reconstruction. Anesthesia and Analgesia
2006;102(4):1062-9.
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Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Bassler 2006 Retrospective case series; not a randomized controlled trial

McNamara 2006 Retrospective case series; not a randomized controlled trial

 

Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Milrinone Pharmacokinetics and Pharmacodynamics in Newborns With Persistent Pulmonary Hy-
pertension of the Newborn - a Pilot Study to Enable a Randomized Trial of Intervention

Methods Allocation: randomized 
Endpoint classification: pharmacokinetics/dynamics study 
Intervention model: parallel assignment 
Masking: single blind (outcomes assessor)

Participants Inclusion criteria:

• Gestational age > 34 weeks

• Birth weight of > 2500g

• Post-natal age < 10 days

• Hypoxemia defined by: Oxygenation Index (OI) >20 (mean airway pressure x fraction of inspired
oxygen x 100 /PaO2) as drawn from two post-ductal arterial blood gas samples (in-dwelling arterial
catheter) taken at least 15 minutes apart OR mechanically ventilated and with > 90% FiO2 for >
6 hours while on iNO

• Absence of congenital heart disease based on a two-dimensional echocardiogram and/or clinical
assessment

• An in-dwelling arterial catheter to facilitate painless sampling

• Currently on iNO or plan to start iNO before enrollment

Exclusion criteria:

• Lethal non-cardiac congenital anomalies including diaphragmatic hernia

• Clinically apparent bleeding; thrombocytopenia < 30,000 or other laboratory evidence of coagu-
lopathy

• Currently on ECMO or plan to initiate ECMO within 2 hours of enrollment

Interventions Milrinone lactate

High dose: experimental 50 mcg/kg load followed by 0.5 mcg/kg/min infusion

Low dose: experimental 20 mcg/kg load followed by 0.2 mcg/kg/min infusion

Outcomes Primary:

• pharmacokinetic profile of milrinone in newborns with PPHN

Secondary:
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• oxygenation index

• echocardiographic signs of pulmonary hypertension (parameters measured will be: myocardial
performance index (MPI) of LV and RV, cardiac output of LV, tricuspid regurgitation (trivial, mild,
moderate, severe), RV systolic pressure, mitral regurgitation (trivial, mild, moderate, severe),
presence or absence of patent foramen ovale (PFO) with peak and mean pressure gradient, and
presence or absence of patent ductus arteriosus (PDA) with peak and mean pressure gradient)

• safety profile: safety analysis will be performed as follows: blood pressure will be monitored
hourly for 48 hours, platelet count will be measured daily, cardiac rhythm will be monitored con-
tinuously for 48 hours, renal function will be monitored daily, and liver transaminases will be mon-
itored within a week. All adverse events will be included in the safety analysis

Starting date April 2010

Contact information ClinicalTrials.gov identifier: NCT01088997

Notes The Children's Hospital of Philadelphia; Pennsylvania Hospital

Kirpalani  (Continued)
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