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A striking result from antenatal exposure to N-acetylcysteine
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The journal is publishing an interesting report of women at risk
of infection-associated chorioamnionitis, by giving antioxidant
treatments just prior to the preterm delivery.1 This trial required
7 years to complete in a single center to enroll just 67 patients
because of demanding criteria for enrollment. To identify
women at risk for preterm delivery between 24 and 34 weeks,
they applied the new NICHD workshop definition of chorioam-
nionitis as Triple I.2 This definition requires an amniocentesis to
measure a number of biomarkers of infection and/or culture to
identify live organisms. Amniocentesis for women at risk of
prematurity to rule out infection is seldom done on most
perinatal services in the United States. A return to amniocentesis
for preterm labor would be a big boon for perinatal research.
The amniocentesis was done as part of standard of care at Yale.
The trial stopped with 67 of the 140 planned enrollments
because several of the authors shifted to institutions. Never-
theless, the study has been well done to test the hypothesis that
a maternal infusion of N-acetylcysteine as an antioxidant would
benefit the fetus by decreasing death and intraventricular
hemorrhage (IVH) and perhaps bronchopulmonary dysplasia
(BPD). They and others had developed some rodent data that
pregnant rats given endotoxins had fewer stillborns if they
received N-acetylcysteine.3 Thus, for their clinical trial, the
primary outcome of this trial was of death and a long list of
short-term outcomes—severe IVH, ROP, NEC, PVL, and BPD—the
normal three- letter-word abbreviations of the list of complica-
tions common to the very preterm infants. They also made
measurements with maternal and cord blood for inflammatory
cytokines and indications of oxidant stress. I would like to have
seen measurements of isoprostanes, perhaps the best biomarker
for oxidant stress.4

Dosing and exposure to N-acetylcysteine was by maternal
infusions using an FDA-approved dosing strategy for acetami-
nophen toxicity5—a loading infusion of 150 mg/kg over 1 h,
then a 50 mg/kg infusion for 4 h; if delivery had not occurred,
then the drug was continued for the next 16 h at 100 mg/kg. I
have included a table of outcomes as they are so stiking
(Table 1).
Neonatal transition was improved with less resuscitation

needed and better APGAR scores. Neonatal outcomes were
improved with a decrease in BPD from 38 to 9%, a remarkable
result seen with no known therapy. A second benefit was
decreased IVH. Even more remarkable was that the infusion of
N-acetylcysteine was for only 4.9 h. The other major interventions
that decrease death in very preterm infants, such as surfactant and
antenatal steroids, do not decrease BPD.
Something magical is going on here. I will review briefly the use

of antioxidants in neonatal medicine for the context focusing on
BPD as that was their major beneficial outcome. An RCT of the

treatment of infants with N-acetylcysteine infusion for the first
week of life did not improve any outcomes.6

Ola Saugstad7 proposed, many years ago, that the three-letter
words for complications in very preterm infants were all
associated with oxidant stress. BPD is the poster child for oxidant
stress-associated disease as multiple models of BPD in rodents
and baboons involve only high oxygen exposure causing
inflammation and a BPD phenotype. Infection also causes oxidant
stress. The problem is that in multiple animal models of BPD,
targeted therapies, such as cytokine receptor blockade, vitamin D,
growth factors, and small-molecule weight antioxidants,8 can
reverse much of the alveolar simplification and pulmonary
vascular disease in the rodent models, but have not translated
to any new therapies.8 The exception is postnatal corticosteroids
that are used routinely to treat lung disease progression to severe
BPD.9 So it is fair to say that postnatal antioxidant treatments have
not proved particularly useful as a clinical strategy.
One exception with a curious outcome are the two studies by

Jon Davis using human recombinant superoxide dismutase given
into the airspace of preterm infants.10 There were no short-term
benefits and no effect on BPD, their primary outcome. In contrast,
on follow-up at 1 year of age, the children exposed to the
recombinant superoxide dismutase had less airway disease;11

thus, the identification of a benefit was very delayed.
Another approach for a combined nutritional antioxidant

treatment to decrease BPD is the trial of giving women who
have delivered infants prematurely 23–29 weeks gestational age
supplements with docosahexaenoic acid (DHA) as an oral
supplementation and have them provide milk to supplement
the infants.12 DHA is a polyunsaturated fatty acid supplementa-
tion. DHA decreased lung injury from oxygen in animal models.
Previously, direct supplementation of these very preterm infants
with DHA also did not decrease BPD.13 The supplementation with
the human milk feeding is a chronic treatment to 36 weeks of
gestation, which did not decrease BPD. DHA supplementation in
these two trials may have increased BPD; thus, the record for
antioxidants decreasing BPD clinically is not positive.
The most interesting trial from Cindy McEvoy14 and published in

2014 established the concept of maternal treatment with an
antioxidant for fetal benefit. They identified women who were
smoking and in early pregnancy. They offered help with stopping
smoking, but if they intended to keep smoking, they were
randomized to 500mg/day Vit C or placebo. Soon after delivery,
they measured pulmonary function, and the newborns exposed to
Vit C had better pulmonary function and compliance than the
smokers given a placebo (P < 0.006). At 1 year of age, compliance
relative to the Vit C treatment group was still improved (P < 0.05) as
was clinical wheezing. In contrast to the N-acetylcysteine exposure,
the antioxidant Vit C was an average of a 18-week exposure.
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Experiments in rodents and primates demonstrate that fetal
exposure to nicotine can disrupt airway development.15 It is well
documented that prenatal, even passive, smoke exposure is
associated with wheezing and asthma in young children.16 It seems
to me that this excellent trial has an actionable outcome: Vit C
supplementation to women who insist on smoking during
pregnancy. The results of this trial are easier to accept as the
science behind fetal exposure to smoking is detailed in several
animal models very large and sound, and the treatment is
prolonged.
There is another oxidant that fetuses are frequently exposed to

well-known developmental effects: ethanol. The results of
Buhimschi et al.1 need to be repeated in a much larger multicenter
trial, which I hope will be verified as this would be a major
advance to decrease BPD. They comment that the benefit may be
because of timing. The field has not tried antenatal interventions
to decrease BPD; these results should stimulate that effort. This is
important as the newer concepts about the trajectory of lung
development and aging have identified prematurity and BPD as
precursor diseases linked to chronic obstructive pulmonary
disease and the potential for cardiovascular disease in midlife.17
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Table 1. Results with infusions of N-acetylcysteine for women with infection-associated chorioamnionitis defined by Triple I.

N-acetylcysteine Placebo infusion P Number needed to treat

Patient number 33 44 NS

Duration of infusions to delivery (h) 4.9 3.8 NS

Total N-acetylcysteine dose (g) 16.5 NA –

Abnormal neonatal transitiona

Oxygen use 13 5 0.04

Mask CPAP with ventilation use 11 12 0.04

Intubation, PPV, and drugs 3 12 0.04

Odds of Apgar <7, 5 min 2 13 0.003

Odds of Apgar <4, 1 min 2 12 0.03

Surfactant in the delivery room 2 10 0.02

Neonatal outcomesa

Primary outcomes: composite morbidity score 16 7 0.04 3.9

Death 2 6 0.26 –

Early-onset sepsis 9 16 1.0 –

Severe IVH 2 4 0.7 4.3

Severe ROP 4 9 0.22 –

Severe NEC 5 6 1.0 –

BPD 1 10 0.006 3.4

IVH and/or death 6 17 0.01 3.1

BPD and/or death 3 13 0.01 3.4

aPatient numbers.
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