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Should neonates with perinatal asphyxia receive a single dose
of IV Theophyline to prevent acute kidney injury?
David Askenazi, MD, MSPH [Director]

Pediatric and Infant Center for Acute Nephrology (PICAN), Department of Pediatrics, Division of
Pediatric Nephrology, University of Alabama at Birmingham

Perinatal asphyxia is a common reason for admission to a neonatal intensive care unit and is
frequently associated with encephalopathy and multi-organ dysfunction.(1) Acute kidney
injury (AKI) occurs commonly in critically ill neonates and is associated with adverse
outcomes (2). In the cool-cap trial, a multi-center randomized trial of therapeutic
hypothermia for severe perinatal asphyxia, Selewski et.al(3) found that 38% of these
newborns had AKI using a contemporary definition (the 2012 Kidney Disease Improving
Global Outcomes (KDIGO)(4) definition). In this and other studies of perinatal asphyxia, the
independent association between AKI and poor short and long-term clinical outcomes has
been well documented. Furthermore, with our enhanced understanding of the
pathophysiology and the epidemiology of AKI in other populations, experts no longer
consider AKI simply a marker of the death process, but instead, an active contributor to this
poor outcomes (5).

Despite our understanding of the impact of AKI on clinical outcomes, there are no FDA
approved therapies to prevent or mitigate AKI. There have been several important challenges
that have made it difficult to find such interventions. First, studies in adults are compromised
by a multitude of underlying risk factors (such as smoking, diabetes, and pre-existing
chronic kidney disease) which can confound results. Second, the etiology of AKI is
sometimes multi-factorial. Third, the timing of the AKI (and the intervention) is late or
unknown. In neonates with perinatal asphyxia, these important limitations are not present
and thus, they constitute an ideal population to study the effects of interventions on the
natural process of kidney damage.

During acute hypoxemia, adenosine levels increase as ATP hydrolysis exceeds synthesis
resulting in intra-renal vasoconstriction, decreased renal perfusion, and drop of glomerular
filtration rate (GFR). Four randomized controlled trials of severely asphyxiated neonates,
three involving term and one involving preterm infants, found that a single prophylactic dose
of theophylline, an adenosine receptor antagonist, administered within 1 hour of birth had a
renoprotective effect (6-9). These studies consistently found that those randomized to intra-
venous theophylline had lower serum creatinine (SCr) values and higher urine output on
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postnatal days 2 and beyond. Based on these studies, KDIGO AKI guidelines for the
management of AKI suggest that single dose of theophylline should be considered in
severely asphyxiated infants at high risk for AKI.(10)

In this month’s Acta Pediatric, Raina et al. (11) provide additional evidence to support the
use a single dose of theophylline as an adjunct to care in neonates with perinatal asphyxia.
This study, entitled Treating perinatal asphyxia with theophylline at birth helps to reduce the
severity of renal dysfunction in term neonates. represents the largest randomized placebo-
controlled trial on theophylline for perinatal asphyxia to date. The investigators randomized
159 infants from their institutions in India between November 1, 2011 and October 31, 2012
with the following inclusion criteria: term gestation, birthweight > 2500 grams and birth
asphyxia (2 or more of the following: Apgar < 3 at 1 or <5 at 5 minutes, = 10 minutes of
positive pressure ventilation, seizure, severe hypotonia and a Thompson score > 15).
Permuted block randomization yielded 78 infants that received 5 mg/kg IV theophylline and
81 received placebo. No infants received therapeutic hypothermia. There were no major
difference between underlying baseline characteristics between groups. Those randomized to
placebo had lower rates of AKI by KDIGO (15 vs. 49%) had lower SCr values on day 3 of
life (0.83 £ 0.35 vs. 1.47+ 0.61), and had less rates of oliguria (27% vs. 59%), less
hematuria and less proteinuria. No complications from theophylline were reported. The
investigators were unable to show a difference in survival between groups, although there
was a trend for lower mortality in the theophylline group. They did not assess any long-term
outcomes.

Should all neonates with perinatal asphyxia receive a single dose of theophylline? Perhaps,
but there continues to be unresolved questions that should be answered in a systematic
fashion before widespread practice. First, we need to understand the role of theophylline in
context of the current standard of care, which includes the use of systemic hypothermia as
this has been shown to significantly improve long-term survival/neurocognitive
outcomes(12). Second, the main study outline for this study was a difference in SCr at
postnatal day 3 of life. It is possible that is an excellent surrogate outcomes of hard clinical
outcomes, such as mortality, length of stay, and long-term chronic kidney disease; however,
there is insufficient data to determine this at this time. Ideally, hard clinical outcomes will be
needed to fully elucidate if theophylline is efficacious to ameliorate / prevent the
consequences of AKI. Further studies to determine surrogate outcomes in this population
would be beneficial. Third, as the use of theophylline may have some potential harmful
neurologic effects (13), adequately powered large multi-center studies will be needed to
further evaluate these potential complications.
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