First, Do No Harm. Consequences of Permissive Hypercapnia
in the Neonate
In this issue of RESPIRATORY CARE, Brown et al1 report
their findings of a secondary analysis of arterial blood
gases obtained from a cohort of 147 infants born ⬍ 32 wk
gestational age. The aim of the study was to review historical blood gas data, obtained within the first 72 h after
birth, to inform future clinical practice regarding the safety
and efficacy of a rather commonly used lung-protective
strategy, permissive hypercapnia. The authors sought to
explore the relationship between PaCO2 and adverse respiratory and brain-related outcomes.
The authors provide a succinct summary of the relevant
literature regarding the outcomes of infants in clinical and
observational studies undergoing permissive hypercapnia
as a strategy for decreasing the rate of bronchopulmonary
dysplasia (BPD). The theoretical benefits of this strategy
derive from minimizing ventilator-induced lung injury.
These benefits, however, have been questioned in recent
years, with an accumulating body of evidence that BPD
rates are not significantly decreased among infants undergoing permissive hypercapnia.2,3 The potential benefits of
exposing infants to hypercapnia do not appear to improve
pulmonary outcomes, and in some studies improvements
in respiratory outcomes are accompanied by unintended
neurologic consequences.
The authors provide a summary of physiologic mechanisms relevant to the discussion. Permissive hypercapnia,
the authors offer, is attained by minimizing tidal ventilation, and this by providing just enough ventilatory
support to achieve minute-ventilation sufficient for a
PaCO2 ⬎ 45 mm Hg.4 The pathophysiology of adverse
brain-related outcomes is also discussed. Hypercapnia,
for example, increases cerebral vasodilation, thus increasing cerebral blood flow (CBF), and results in a
progressive loss of cerebral autoregulation, which in
prior studies has been associated with brain injury.5 By
contrast, hypocapnia decreases CBF, which in prior studies has correlated linearly with ischemic white matter
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injury. Progressive decreases in CBF lead to impaired
cerebral autoregulation and, by extension, to ischemic
brain injury in animal models.6,7
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While the literature is somewhat conflicting, there still
remains some evidence that permissive hypercapnia could
decrease the risk of BPD.8-11 However, the theoretical
benefits of this strategy have not been appreciated in
well-designed randomized clinical trials2 Importantly,
the authors correctly state that the range of PaCO2 that
provides benefit (without increasing the risk of adverse
neurologic consequences) has not yet been proven. Moreover, alterations in PaCO2 and pH are sometimes accompanied by an increase in the risk of important brainrelated adversities.12 Both extremes of PaCO2, it seems,
as well as the magnitude of fluctuations in PaCO2, are
associated with severe intraventricular hemorrhage
(IVH) in preterm infants.13
Both the study design and methods were appropriate
for the current analysis. Abnormalities of pH and PaCO2
(independent variables) were analyzed with respect to 7
dependent outcomes variables: any IVH, severe IVH,
BPD, necrotizing enterocolitis, retinopathy of prematurity, pneumothorax, and the combined outcome death/
severe IVH. All available blood gas data from the first
72 h after birth were collected and correlated with clinical and demographic data obtained prospectively from
a previous clinical trial. Collection of early postnatal
blood gas data increases the likelihood of detecting a
correlation between PaCO2 and adverse brain-related outcomes because the early postnatal period is a period of
great risk for neurologic adversity in preterm infants.14
PaCO2 data were categorized into ranges that accompany
the generally accepted PaCO2 categories of hypocapnia,
normocapnia, mild hypercapnia, moderate hypercapnia,
and severe hypercapnia. Mean PaCO2 was stratified by
gestational age, that is ⬍ 28 wk and ⱖ 28 wk for each
of the ranges of PaCO2. Finally, highest and lowest PaCO2,
the mean time-weighted PaCO2, fluctuations in PaCO2 (by
2 definitions), and minimum pH were analyzed with
respect to outcome variables.
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The authors found that the routine targeting of higher
than normal PaCO2 goals led to a low incidence (2%) of
hypocapnia in their sample, but without a significant improvement in the respiratory outcomes, BPD, or pneumothorax. Twenty-six percent of the sample were mildly hypercapnic, 13% were moderately hypercapnic, and 6.5%
were severely hypercapnic. When combined, roughly half
of the infants in the sample were exposed to some degree
of hypercapnia. After adjusting for potentially important
confounding variables, the composite outcome death or
severe IVH was associated with higher fluctuations in the
arterial PaCO2 and the lowest arterial pH. The individual
outcomes severe IVH and any IVH were not associated
with either fluctuations in PaCO2 or lowest pH after adjusting for confounders. There were no differences in BPD,
necrotizing enterocolitis, retinopathy of prematurity, or
pneumothorax. The authors’ findings provide additional support for researchers concerned about the negative consequences of permissive hypercapnia, which, while intended to
improve care and outcomes, may actually increase the risk of
morbidity for an already at-risk population.2,3
The sample size was adequate, including 147 subjects
and ⬎ 1,300 arterial blood gas samples, 584 of which
were from infants ⬍ 28 wk gestational age. Statistical
methods were appropriate, and both univariate and multivariate analyses were presented. Taken together, efforts to address potential confounders were appropriate.
Confidence intervals were fairly narrow, suggesting that
the study findings are fairly reliable. Trends toward an
association with the individual outcomes severe IVH
and any IVH were noted on univariate analysis, suggesting the possibility that, in a larger sample, associations with these outcomes might also have been significant. The authors report that there was no relationship
between pH or PaCO2 and the respiratory outcomes of
BPD and pneumothorax, nor was there an association
with necrotizing enterocolitis and retinopathy of prematurity.
The authors’ findings are both interesting and important, and support the prevailing consensus among neonatal
researchers that the benefits of permissive hypercapnia do
not appear to outweigh the potential risks of the exposure.
Moreover, the pathophysiology of BPD is so complex and
is mediated by so many exposures (eg, prenatal, perinatal,
and postnatal) that efforts to affect only a single exposure
(ie, ventilator-induced lung injury) is not likely to affect
BPD rates in a broad population of very preterm infants.
While decreasing the risk of ventilator-induced lung injury
has plausible therapeutic benefits, it targets only one of
many mechanisms known to contribute to the complex
pathophysiology of BPD.15 Failure to treat threatened preterm labor with antenatal steroids, for example, likely increases the risk of BPD among infants in a broad population of preterm infants. So, too, does exposure to
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oligohydramnios/anhydramnios, maternal chorioamnionitis, early-onset postnatal sepsis, necrotizing enterocolitis,
and other biological/oxidative stressors beyond the scope
of this discussion.
In conclusion, the authors’ study, like others published in recent years, disproves the notion that permissive hypercapnia is a safe and effective means of minimizing the risk of BPD. Despite the paucity of evidence
that this strategy prevents BPD, it continues to be used
with some frequency, and often during a period of great
risk for this fragile population. The authors are to be
commended for this honest report, which likely reflects
a common practice in many neonatal ICUs worldwide.
This is a valuable contribution to the ever-growing list
of studies demonstrating that efforts to achieve a normal
physiologic state remain an essential aspect of care for
preterm newborns, especially in the first few days after
birth.16
J Wells Logan MD
Comprehensive Center for Bronchopulmonary Dysplasia
Nationwide Children’s Hospital
Columbus, Ohio
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