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ABSTRACT

Objective: To determine if targeting higher levels of pH-controlled permissive hypercapnia beyond postnatal day 7-14 reduces
mechanical ventilation duration in preterm infants.

Methods: Single-center randomized clinical trial with a 1:1 parallel allocation including infants from 22—36 weeks' gestation
mechanically ventilated for respiratory distress syndrome on postnatal day 7-14. We targeted higher levels of pH-controlled
permissive hypercapnia (60-75 mmHg and pH > 7.20) or lower levels of pH-controlled permissive hypercapnia (40-55 mmHg
and pH > 7.25) for 28 days after randomization. The primary outcome was the number of days alive and ventilator-free in the
28 days after randomization.

Results: We enrolled 130 infants with a gestational age (mean + SD) of 24 weeks and 5 days + 2 weeks and 0 days and birth
weight of 657 + 198 grams from December 2015 to May 2021. Infants randomized to higher levels of pH-controlled permissive
hypercapnia had more alive ventilator-free days than infants randomized to lower levels of pH-controlled permissive hyper-
capnia (11 +10 vs. 6 + 8; p=10.009). Grade 2-3 bronchopulmonary dysplasia or death before discharge was not significantly
lower in the higher carbon dioxide (PCO,) group (30/62 (44%) vs. 45/68 (59%); adjusted odds ratio (aOR) 0.54, 95% confidence
intervals (CI) 0.27-1.08; p = 0.08). Grade 2-3 bronchopulmonary dysplasia among survivors at 36 weeks' postmenstrual age did
not differ significantly (higher PCO, 19/53 (35%) vs. lower PCO, 28/53 (50%); aOR 0.56, 95% CI 0.27-1.13; p = 0.12).
Conclusions: Targeting higher levels of permissive hypercapnia from postnatal day 7-14 increased the number of days alive
and ventilator-free and may be lung protective compared with targeting lower levels.

Trial Registration: Clinicaltrials.gov (identifier number NCT02799875). The first infant was enrolled in December 2015 and
the trial was not registered until June 2016. The authors confirm that there were no changes made to the Institutional Review
Board (IRB) approved trial protocol (dated 10/20/2015) or any amendments made after recruitment started, between the date of
first enrollment and the date of clinicaltrials.gov registration, or between study commencement and completion. Furthermore,
the authors confirm that the data were not unblinded until after the last infant had been enrolled (March 2021) and discharged
from the hospital (August 2021). Study Details | Late Permissive Hypercapnia for Intubated and Ventilated Preterm Infants |
ClinicalTrials.gov.

Abbreviations: aOR, adjusted odds ratio; BPD, bronchopulmonary dysplasia; CI, confidence intervals; CPAP, continuous positive airway pressure; IRB, Institutional Review Board; IVH, in-
traventricular hemorrhage; MAP, mean airway pressure; NDI, neurodevelopmental impairment; NEC, necrotizing enterocolitis; NRS, noninvasive respiratory support; PCO,, partial pressure of
carbon dioxide; RDS, respiratory distress syndrome; SD, standard deviation; SpO,, oxygen saturations; TcCO,, transcutaneous carbon dioxide.
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1 | Introduction

Bronchopulmonary dysplasia (BPD) is the most common major
morbidity among preterm infants [1]. In spite of the development
of lung protective strategies, rates of BPD remain high and are not
decreasing [2, 3]. In addition, preterm infants are at higher risk of
longer-term respiratory disease that may have life-long implications
for lung health [4, 5]. Ventilator-associated lung injury is a key
contributor to the development of BPD [6]. Prolonged mechanical
ventilation is associated with higher rates of BPD, mortality, and
neurodevelopmental impairment [7]. While avoidance of
mechanical ventilation is preferred, many preterm infants with
respiratory distress syndrome (RDS) and respiratory failure receive
prolonged mechanical ventilation for ongoing lung disease or
apnea of prematurity [8-10]. Permissive hypercapnia, accepting a
partial pressure of carbon dioxide (PCO,) above 45mmHg, is
commonly used in neonates to reduce the intensity of mechanical
ventilation by allowing a reduction in ventilator pressures/volumes
or rates and thereby protect the lungs [11, 12].

Previous randomized controlled trials demonstrated that permis-
sive hypercapnia in the first 7-14 days decreases the use of
mechanical ventilation among preterm infants with RDS [13-18].
There are limited data on the use of higher ranges of PCO, beyond
postnatal days 7-14 [19]. The objective of this trial was to test the
hypothesis that among preterm infants from 22 to 36 weeks' ges-
tation with RDS who are mechanically ventilated from day 7 to 14
after birth, higher levels of permissive hypercapnia with a PCO,
goal of 60 to 75 mmHg and pH limit of 7.20 or higher, compared
with lower levels of permissive hypercapnia with a PCO, goal of
40-55 mmHg and pH limit of 7.25 or higher, would increase the
number of days infants are alive and off mechanical ventilation in
the 28 days after randomization.

2 | Materials and Methods
2.1 | Trial Design, Setting, and Participants

This single-center randomized clinical trial was conducted at a
tertiary neonatal intensive care unit following Institutional Review
Board approval (IRB-141120007) and registered on Clinical-
trials.gov (identifier number NCT02799875). We included preterm
infants from 22 weeks and 0 days to 36 weeks and 6 days of
gestational age, who were ventilated for clinical and radiographic
RDS on postnatal day 7-14, who were inborn or transferred to our
regional neonatal intensive care unit before postnatal day 7, and in
whom informed consent had been obtained. There was no mini-
mum duration of ventilation before enrollment and infants could
be enrolled if meeting criteria at any time from postnatal day 7-14.
We excluded infants with major congenital malformations or
neuromuscular conditions affecting respiration, infants with a
terminal illness or decision to withdraw or limit care, or if the
parents had refused or withdrawn informed consent.

2.2 | Recruitment and Randomization

Randomization was stratified by gestational age at birth into
three groups; 22-25 weeks' gestation, 26-28 weeks' gestation,

and 29-36 weeks' gestation. Block sizes of two to six were
computer generated and a folded piece of paper with group
assignment was placed between a paper card and carbon paper
in sequentially numbered opaque sealed envelopes by the
Pediatric Research Office staff at the university. A study team
member wrote the date, time, and participant name on the back
of the envelope before opening. Eligible infants were random-
ized to either group with a 1:1 parallel allocation. Multiples
were enrolled in the same group if more than one infant was
eligible, as the intervention was not masked.

2.3 | Interventions

We randomized infants to two different levels of pH-controlled
permissive hypercapnia based on arterial or capillary blood
samples that were commonly used in our unit. The pH and
PCO, targets in the higher permissive hypercapnia group were
>7.20 and > 60 to <75 mmHg respectively. The pH and PCO,
targets in the lower permissive hypercapnia group were > 7.25
and >40 to <55mmHg respectively. Blood gas testing was
performed per clinical team and was typically collected daily
while on ventilator support. Either arterial or capillary blood
gas pH and PCO, were utilized as most infants did not have
arterial access. Transcutaneous carbon dioxide (TcCO,) moni-
tors (SenTec Inc, Fenton, MO) were routinely used among
preterm infants on respiratory support. In both groups the
TcCO, target range was adjusted based on the most recent
correlation with the blood gas PCO, value. The TcCO, upper
alarm limit was set to avoid a pH less than the target or to the
maximum intended PCO, for that assigned group. The lower
alarm limit was then set 15-20 mmHg less than this upper
alarm limit. Infants remained in their assigned target group for
28 days after enrollment. Masking of the intervention was not
performed given the multitude of clinically indicated ventilator
adjustments based on TcCO, monitors used in routine care.

Extubation and reintubation criteria for pH and PCO, differed
between groups. Infants in both groups could be extubated
when they met all criteria: SpO, > 88% with FiO, <0.50; con-
ventional ventilator rate <20 breaths per minute; mean airway
pressure (MAP) < 8 cmH,0; amplitude < 2 times the MAP if on
high frequency oscillator; and hemodynamically stable
(clinically acceptable blood pressure and perfusion per clinical
team). In addition, infant in the higher group could be ex-
tubated if they had a pH >7.20 and PCO, <75 mmHg, while
infants in the lower group could be extubated if they had a
pH > 7.25 and PCO, < 55 mmHg. Infants in both groups could
be reintubated if they met any of the following criteria:
SpO, > 88% with FiO, <0.80 for > 1 h; repetitive apnea requir-
ing bag and mask ventilation >1 per hour; clinically defined
shock; sepsis; required for surgery; or hemodynamically
unstable. In addition, infants in the higher group could be re-
intubated if they had a pH <7.20 or a PCO,> 75 mmHg,
whereas infants in the lower group could be reintubated if they
had a pH <7.25 or a PCO, > 55 mmHg.

Infants in both groups were extubated to noninvasive positive
pressure ventilation [20]. If reintubation occurred, infants
remained in the same group for the 28 day trial period. The
clinician could defer extubation within 7 days of a failed
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extubation attempt in both groups. An algorithm was used by
clinicians while infants remained on invasive mechanical ventila-
tion. This algorithm for out of range carbon dioxide levels sug-
gested the type of ventilator change for infants on mechanical
ventilation but not its magnitude. Although the algorithm was
based primarily on carbon dioxide measurements, clinical assess-
ments including but not limited to, chest wall movements, breath
sounds, and cardiovascular function and perfusion were performed
simultaneously. To minimize volutrauma, a high rate was favored
over high pressures in both groups for PCO, elimination [21]. If
PCO, still exceeded the target or if there were concerns for gas
trapping, peak inspiratory pressure could be increased. Oxygen-
ation was improved primarily by increasing the FiO, for infants
who were hypoxemic with a FiO, <0.40. If the FiO, was between
0.40 and 0.70, and the infant was hypoxemic, the treating clinician
could increase the MAP or FiO,. If the FiO2 was > 0.70, oxygen-
ation was improved predominantly by increasing the MAP. All
infants enrolled in the study had routine continuous oxygen
monitoring and oxygen saturation targets [22]. Our units protocol
permits sodium bicarbonate if the serum bicarbonate is less than
15mEq/L. Base was not given to accommodate higher levels of
permissive hypercapnia.

2.4 | Measures

The primary outcome was the number of days alive and ventilator-
free in the 28 days after randomization. Ventilator-free was defined
as being off invasive mechanical ventilation. Secondary outcomes
included hospital mortality, grade 2-3 BPD [23], use of postnatal
steroids for BPD, pulmonary hypertension diagnosed on routine
echocardiography at 28 days+ 7 days [24], presence of a hemo-
dynamically significant patent ductus arteriosus [25], weight and
head circumference indices during the 28 day intervention period,
the number of days on respiratory support in the 28 days after
randomization, and severe neurodevelopmental impairment (NDI).
Invasive respiratory support was defined as mechanical ventilation
(conventional or high frequency) through an endotracheal tube.
Noninvasive respiratory support (NRS) was defined as noninvasive
positive pressure ventilation, continuous positive airway pressure,
or high-flow nasal cannula. Oxygen therapy was defined as sup-
plemental oxygen via low flow cannula, head box, or incubator.
Additional safety outcomes included number of reintubations
during the 28 days, stage > 2 necrotizing enterocolitis (NEC), and
late intraventricular hemorrhage (IVH) defined as a new-onset
IVH or extension of an existing IVH after study entry [18]. We
collected daily data on pH, PCO,, MAP, ventilator rate, and FiO,
during the randomization period. We used the first blood gas result
and ventilator data available on each day. Severe NDI among those
who attended for 22-26 month follow-up was defined as either a
cognitive composite score or motor composite score < 70 on Bayley
Scales of Infant Development, Gross Motor Function Classification
System > 3, blindness with or without some functional vision, or
hearing impairment requiring amplification.

2.5 | Statistical Analysis

A sample size of 130 infants was required to demonstrate a
(mean + standard deviation) 4 + 7 day increase in the number of

alive ventilator-free days in the 28 days after randomization with a
power of 90% and significance level of 0.05 [16]. All analyses were
planned a priori and by intention to treat by a statistician masked
to group assignment. For testing differences between groups, we
used the generalized linear model based on the estimating equa-
tions approach to address the correlation among clusters due to
multiples. The correlation structure assumed was compound
symmetry. For binary outcomes, we used the logit link function
and obtained the estimates for the odds ratios, and for continuous
outcomes we assumed the normal distribution. For count out-
comes (e.g., number of days free of ventilation, etc.), we used the
Poisson regression with log link function using the total number
of days in the study for the first 28 days as an offset. For comparing
the time to death in the 28-day period, we used the shared frailty
proportional hazard model to account for intra-cluster depen-
dence in the presences of censoring. SAS version 9.4 (Cary, NC)
was used for statistical analyses. A p<0.05 was considered
statistically significant.

3 | Results

We enrolled 130 preterm infants with 62 randomized to higher
levels and 68 randomized to lower levels of permissive hypercapnia
(Figure 1). All 130 infants completed the study and were included in
the primary analysis. The gestational age of participants was
(mean + standard deviation) 24 weeks 5 days + 14 days and birth
weight was 657 + 198 grams. Rates of exposure to antenatal corti-
costeroids, surfactant, and mechanical ventilation before study entry
did not differ between groups (Table 1). There was a higher rate of
multiple births in the lower permissive hypercapnia group. Baseline
pH, PCO,, and ventilator settings did not differ. The daily pH and
PCO, (mean +SD, 7.31+0.07 and 55+ 10 mmHg in the higher
group vs. 7.32 + 0.07 and 52 + 8 mmHg in the lower group) differed
significantly between groups after study entry (all p < 0.05; Table S1
and Figure 2). The daily ventilator rate and FiO, were both
decreased in the higher group compared with the lower group (all
p <0.05; Table S1). The daily mean airway pressure did not differ.

Infants randomized to the higher permissive hypercapnia group
had an increase in the number of days alive and ventilator-free
in the 28 days after randomization compared with the lower
permissive hypercapnia group (higher group 11 + 10 days vs.
lower group 6 + 8 days; p = 0.009) (Table 2). This difference was
primarily driven by a decrease in days on invasive ventilation
(higher group 14+10 days vs. lower group 19+9 days;
p = 0.006) with a corresponding increase in days on NRS among
infants in the higher permissive hypercapnia group. There was
no difference in the number of days alive during the 28 days
(higher group 26 + 7 days vs. lower group 25 + 6 days; p = 0.48).
The number of days on supplemental oxygen also did not differ.

The rate of grade 2-3 BPD or death before discharge was not
significantly lower among infants in the higher group compared
with the lower group (higher group 27/62 (44%) vs. lower group
40/68 (59%); adjusted odds ratio (aOR) 0.54, 95% confidence
intervals (CI) 0.27-1.08; p =0.08) (Table 3). Grade 2-3 BPD
among survivors at 36 weeks' postmenstrual age was not sig-
nificantly different (higher 19/54 (35%) vs. lower 28/56 (50%);
aOR 0.56, 95% CI 0.27-1.13; p =0.12). The risk of death before
discharge did not differ. There was no difference in rates of
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275 infants screened

‘ 145 excluded

58 not available
48 parental refusal

19 congenital anomalies
18 died before eligible

130 randomized

‘ 2 terminal illness

l

l

62 randomized to Higher
Permissive Hypercapnia

62 randomized to Higher group
and completed study

|

68 randomized to Lower
Permissive Hypercapnia

68 randomized to Lower group
and completed study

FIGURE1 | Flow diagram showing the number of infants screened, randomized, and analyzed.
TABLE 1 | Baseline characteristics and clinical demographics of study participants.
Higher group (n=62) Lower group (n = 68)

Gestational age (weeks), mean + SD 250/7 +14/7 24 4/7+13/7
Gestational age strata

22-25 weeks' gestation, n (%) 46 (74) 54 (79)

26-28 weeks' gestation, n (%) 12 (19) 11 (16)

29-36 weeks' gestation, n (%) 4 (6) 3(4)
Birth weight (grams), mean + SD 686 + 220 631 +173
Female, n (%) 31 (50) 33 (49)
Multiple, n (%) 8 (13) 24 (35)*
Confirmed chorioamnionitis, n (%) 30 (48) 42 (62)
Cesarean delivery, n (%) 37 (60) 34 (50)
Any antenatal corticosteroids, n (%) 55 (89) 62 (91)
Surfactant, n (%) 62 (100) 67 (99)
Race

Black, n (%) 36 (58) 39 (57)

White, n (%) 23 (37) 25 (37)

Other, n (%) 3(5) 4 (6)
PMA at entry (weeks), mean + SD 26 2/7+14/7 255/7+14/7
Days after birth at entry, mean + SD 9+2 10+3
Days ventilated at entry, mean + SD 8+3 8+3
Weight at entry (g), mean + SD 689 + 245 622 +198
Length at entry (cm), mean + SD 31.1+3.8 30.4+2.8
HC at entry (cm), mean + SD 21.9+2.6 21.2+22
pH at entry, mean + SD 7.29 +0.08 7.30 £ 0.07
PCO, at entry, mean + SD 51+10 53+11
Ventilator rate at entry, mean + SD 48 + 28 49 + 30
FiO, at entry, mean + SD 0.45+0.22 0.50+0.26
Mean airway pressure at entry, mean + SD 81+23 82+1.38

Abbreviations: FiO, = fraction of inspired oxygen, HC = head circumference, PCO, = partial pressure of carbon dioxide, PMA = postmenstrual age.

*Significant with p < 0.05.
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FIGURE 2 | Daily average and standard deviation for carbon dioxide (PCO,) levels on blood gas in the 28 days after study entry by group
assignment. The overall PCO, was 55+ 10 mmHg in the higher group versus 52 + 8 mmHg in the lower group.

TABLE 2 | Primary and secondary outcomes in the 28 days following randomization among infants randomized to higher versus lower levels of

permissive hypercapnia.

Higher (N = 62) Lower (N = 68) p value
Alive ventilator free days, mean + SD 11+10 6+8 0.009*
Alive NRS free days, mean + SD 3+6 2+4 0.27
Alive oxygen free days, mean + SD 1+2 1+3 0.79
Days alive, mean + SD 26+7 25+ 6 0.48
Intubated and ventilated days, mean + SD 14+ 10 19+9 0.006*
NRS days, mean + SD 9+9 5+6 0.005*
Oxygen days, mean + SD 2+6 1+3 0.10

Abbreviation: NRS = noninvasive respiratory support.
*Significant with p <0.05.

hemodynamically significant PDA, pulmonary hypertension on
postnatal day 28, treatment with postnatal corticosteroids for
BPD, proven NEC, late IVH, or discharge beyond 120 days after
birth. There were no differences in growth indices between
groups (Table S2).

The follow-up rate for formal neurodevelopmental assessment at
22-26 months postmenstrual age was 79.2% and did not differ
between groups. There was no difference in rates of severe NDI
alone or severe NDI or death between groups (Table 3). Among the
33 infants in both groups who completed Bayley Scales of Infant
Development testing the cognitive composite score (mean (SD), 75
(18) in higher group versus 77 (17) in lower group; p =0.57) and
motor composite score (mean (SD), 75 (19) in higher group versus
74 (20) in lower group; p =0.73) did not differ between groups.

4 | Discussion

Targeting higher levels of pH-controlled permissive hypercap-
nia among preterm infants intubated for respiratory distress
syndrome on postnatal day 7-14 increased the number of days
alive and ventilator-free in the subsequent 28 days compared

with targeting lower levels. This was primarily driven by a
reduction in the number of days in mechanical ventilation and
corresponding increase in the number of days on noninvasive
support in the higher PCO, target group. The reduction in the
rate of grade 2-3 BPD or death before discharge among infants
in the higher PCO, target group was not significant, although
the current study was not powered for this outcome.

Our study's findings suggest that permissive hypercapnia
beyond postnatal day 7-14 may be an important element of
strategies to limit exposure to mechanical ventilation in preterm
infants, consistent with prior randomized clinical trials of early
pH-controlled permissive hypercapnia [15, 16]. In a pilot study,
49 mechanically ventilated infants preterm infants weighing
601-1250 g were randomized for 96 h to a PCO, of 45-55 mmHg
and a pH > 7.20 compared with a PCO, of 35-45 mmHg and a
pH >7.25 [15]. The number of infants ventilated at 96 h was
lower in the permissive hypercapnia group (p <0.005) but
major outcomes did not differ. In a randomized controlled trial
of 220 extremely low birth weight preterm infants mechanically
ventilated before 12 h of life, a PCO, of > 52 mmHg was com-
pared with a PCO, < 48 mmHg maintained until postnatal day
10 [16]. Both arms used a pH-control of > 7.20. There was a
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TABLE 3 | Secondary outcomes among infants randomized to higher versus lower levels of permissive hypercapnia.
Higher Lower Odds ratio

Outcomes (N=62) (N =68) (95% CI) p value
Death during 28 day study period, n (%) 8 (13) 12 (18) 0.70 (0.26-1.87) 0.47
Death before discharge, n (%) 16 (26) 20 (29) 0.84 (0.38-1.87) 0.68
BPD (grade 2-3) among survivors at 36 weeks' 19/54 (35) 28/56 (50) 0.56 (0.27-1.13) 0.12
gestation, n (%)
BPD (grade 2-3) or death before discharge, n (%) 27 (44) 40 (59) 0.54 (0.27-1.08) 0.08
Postnatal steroids, n (%) 30 (48) 42 (62) 0.59 (0.29-1.21) 0.15
Pulmonary hypertension among those alive at Day 28, 13/54 (24) 7/56 (13) 2.07 (0.74-5.79) 0.16
n (%)
Reintubated during study, n (%) 25 (40) 31 (46) 0.75 (0.36-1.53) 0.42
HS-PDA, n (%) 30 (48) 22 (32) 1.90 (0.91-4.00) 0.09
Proven NEC, n (%) 7 (11) 16 (24) 0.49 (0.18-1.33) 0.16
Late IVH, n (%) 3 (5) 5(7) 0.64 (0.15-2.81) 0.56
Discharge home within 120 days, n (%) 21 (34) 16 (24) 1.61 (0.73-3.55) 0.24
Lost to follow-up 12 (19) 15 (22) 0.88 (0.45-1.73) 0-70
Severe neurodevelopmental impairment at 15/33 (46) 15/33 (46) 0.96 (0.36-2.59) 0.94
22-26 months, n (%)
Severe neurodevelopmental impairment or death at 32/50 (64) 35/53 (66) 0.97 (0.73-1.29) 0.83

22-26 months, n (%)

Abbreviations: BPD = bronchopulmonary dysplasia, HS-PDA = hemodynamically significant patent ductus arteriosus, IVH = intraventricular hemorrhage,

NEC = necrotizing enterocolitis.

reduction noted in the number of infants ventilated at 36 weeks'
postmenstrual age, consistent with the current definition of
grade 3 BPD, in the higher permissive hypercapnia group
although the rate of BPD or death did not differ [23].

In contrast, a randomized trial of early permissive hypercapnia
in preterm infants 23-28 weeks' gestation comparing a higher
PCO, range of 55-65mmHg with a lower PCO, range of
35-45 mmHg for the first 7 days of life found no difference in
the number of days on mechanical ventilation or other out-
comes [17]. Both groups targeted a pH > 7.25 which may have
limited the ability to target a higher PCO, as infants may not
have developed sufficient metabolic compensation. An addi-
tional multicenter randomized trial among 359 preterm infants
23-28 weeks' gestation in the first 7-14 postnatal days, did not
find a benefit of higher compared with lower levels of permis-
sive hypercapnia, both in terms of mechanical ventilation or
rates of BPD [18]. There was also an increased rate of NEC in
the higher group that possibly related to the absence of pH-
control in this study. It is possible that maintaining pH-control
during permissive hypercapnia, as was done in the current
study, may reduce complications although the optimal
pH target has not been defined.

In studies designed to compare selective surfactant with pro-
phylactic surfactant, pH-controlled permissive hypercapnia was
used alongside early routine CPAP as part of the bundle to
reduce mechanical ventilation exposure in the selective sur-
factant groups [9]. In the SUPPORT trial, 1316 infants with a
gestational age of 24 to 27 weeks were randomized to selective
or prophylactic surfactant [13]. The selective group used ex-
tubation criteria including a PCO, < 65 mmHg and a pH > 7.20

while the surfactant group had a PCO, cut off < 50 mmHg and
pH > 7.30 until postnatal day 14. The Vermont Oxford Network
(VON) trial enrolled 648 infants with a gestational age of
26-29 weeks and compared three approaches to initial respi-
ratory management in the first 7 postnatal days: prophylactic
surfactant followed by a period of mechanical ventilation; pro-
phylactic surfactant with rapid extubation to CPAP; or routine
CPAP and selective surfactant [14]. The criteria for intubation
in the CPAP group included a PCO, > 65 mmHg. Both these
trials individually reported lower rates of mechanical ventila-
tion. Meta-analyses including these two studies that used rou-
tine CPAP and permissive hypercapnia reported a reduction in
BPD or death [9]. In the current study there was also a reduc-
tion in mechanical ventilation and a nonsignificant reduction in
BPD suggesting that permissive hypercapnia may be an
important component of strategies to reduce ventilator-induced
lung injury in preterm infants.

4.1 | Limitations

This trial was not powered to detect clinically important dif-
ferences in binary outcomes. Masking was not feasible given the
routine use of TcCO, monitors for ventilator management.
Knowledge of group assignment could have resulted in bias
related to the frequency or magnitude of weans. Adherence to
extubation and reintubation criteria was monitored on a daily
basis but we acknowledge that we did not formally measure
protocol adherence in either group, which could have been
biased by the lack of masking. The use of TcCO, monitors may
have helped maintain PCO, separation between groups. How-
ever, the intended average PCO, separation between groups was
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not reached. In some infants this regression to the mean may
have occurred as extubated infants were largely in control their
own PCO, levels and/or because of increases in respiratory
drive with increasing PCO, [19]. In other infants the metabolic
compensation may not have supported targeting a higher PCO,.
This was a single center study in a unit with low rates of pro-
longed mechanical ventilation and high rates of treatment with
noninvasive respiratory support. Infants included in this study
may therefore represent a cohort at highest risk of adverse
outcomes and the effect of this intervention in other settings is
not known. Although our inclusion criteria extended up to 36
weeks' gestation, none of the infants enrolled were 31 weeks'
gestation or higher, likely due to the low proportion of infants
needing prolonged mechanical ventilation for RDS among
infants at higher gestational ages.

5 | Conclusion

Higher levels of pH-controlled permissive hypercapnia among
infants who remained mechanically ventilated on postnatal day
7-14 increased the number of alive ventilator-free days com-
pared with targeting lower levels of permissive hypercapnia.
Targeting higher levels of pH-controlled permissive hypercap-
nia beyond the first one to 2 weeks after birth may help reduce
exposure to mechanical ventilation among preterm infants.
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