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OBJECTIVE: The objective of this study was to determine whether abrupt discontinuation vs gradual wean of nasal CPAP (NCPAP)
in infants <30 weeks gestation results in a decreased duration of NCPAP therapy.

STUDY DESIGN: We performed a single-center, randomized control trial of premature infants born <30 weeks gestation (n = 66),
comparing discontinuation of NCPAP from 6 cmH,0O (CWP) (fast wean arm) to discontinuation at 4 CWP, weaning by 1 CWP per day
(slow wean arm). The primary outcome was the total number of days on NCPAP or mechanical ventilation. Secondary outcomes
included wean failure, growth, length of stay, and related comorbidities.

RESULTS: Duration of NCPAP or mechanical ventilation was longer in the slow wean arm compared to the fast wean arm (17 vs
12 days, p = 0.03). There were no differences observed in secondary outcomes.

CONCLUSION: In weaning NCPAP, abrupt discontinuation may be associated with a shorter duration of positive pressure

respiratory support compared to a gradual weaning strategy.

Journal of Perinatology (2021) 41:2658-2663; https://doi.org/10.1038/s41372-021-01200-9

BACKGROUND

Nasal continuous positive airway pressure (NCPAP) is currently
widely used to provide noninvasive respiratory support for
premature infants, especially those who are <30 weeks of
gestation [1, 2]. Recently, three large randomized controlled trials
have shown that NCPAP therapy initiated in the delivery room is
equally effective as the prophylactic administration of surfactants
in the treatment of respiratory distress syndrome [3-5]. In
addition, there are data to suggest that volutrauma and
atelectrauma from mechanical ventilation play an important role
in the development of bronchopulmonary dysplasia (BPD) [6].
NCPAP is effective in lung recruitment and improving functional
residual capacity while avoiding the trauma associated with
invasive mechanical ventilation [7]. Therefore, premature infants
are preferentially treated with NCPAP rather than mechanical
ventilation, to reduce the risk of BPD. However, while there is a
significant body of literature justifying the use of NCPAP in
premature infants, very little is known about its management,
such as how long to continue NCPAP and, more importantly, how
and when to wean off NCPAP. Data regarding how and when to
take a patient off NCPAP remains inconclusive. Strategies that
have been studied include gradual vs abrupt weaning of
pressures, cycling on and off NCPAP with a stepwise increase in
time off NCPAP until discontinuation, and weaning to high flow
nasal cannula (HFNC) as an intermediary step between NCPAP and
nasal cannula. There are currently five published trials, the first by
Abdel-Hady et al. in 1998 that showed infants are more likely to
tolerate discontinuation of NCPAP after a gradual reduction in
pressure with some increase in oxygen requirement [8]. The

second trial by the same authors in 2011 showed that weaning
from NCPAP to supplemental oxygen via HFNC did not decrease
the duration of NCPAP therapy, but increased the length of
oxygen use [9]. Another recent trial by Todd et al. in 2012 showed
that discontinuation of NCPAP, rather than cycling NCPAP,
resulted in earlier discontinuation of NCPAP [10]. There have
been two recent studies by Amatya et al. and Jensen et al. looking
at the primary weaning strategies of abrupt vs gradual wean [11-
14]. These studies did not find a difference in the outcomes of
NCPAP duration and time to successful weaning from NCPAP. In
the clinical setting, practice varies from discontinuation of CPAP
when the infant is stable or gradually reducing pressures before
discontinuation based on provider preferences. Currently, there is
no clear evidence that either method of weaning is more effective
in reducing the duration of NCPAP therapy. Each day on NCPAP is
associated with potential clinical risks (i.e., nasal irritation/break-
down, abdominal distension), patient discomfort, utilization of
resources, and time-intensive, meticulous workload for staff. In
light of this, we concluded that the number of days on NCPAP
would be the most pragmatic primary outcome in our investiga-
tion. We sought to answer this question by conducting a
randomized trial of discontinuing NCPAP with or without weaning
off the pressure and assess the effect of each strategy on the
number of days on NCPAP or mechanical ventilation. Our study
question was as follows: In premature infants <30 weeks gestation
who are stable on NCPAP, does abrupt discontinuation of NCPAP
compared to gradual wean of NCPAP prior to discontinuation
result in few total number of days on NCPAP or mechanical
ventilation in a 28-day period?
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METHODS

We conducted a randomized controlled, comparative effectiveness trial in
a large academic Level IV neonatal intensive care unit in Houston, Texas,
between August 2017 and March 2019. The Institutional Review Board at
the University of Texas Health Science Center at Houston approved the
study before implementation, and the trial was registered at clinicaltrials.
gov (NCT03292562).

We included all neonates <30 weeks gestational age at birth who were
on NCPAP 6 cmH,0 (CWP), on treatment for apnea of prematurity with
caffeine 10 mg/kg daily, and met the stability criteria for at least 12 h. The
stability criteria were prespecified and similar to previous studies,
particularly the study by Todd et al. in 2012 [10], to minimize provider
variability. These stability criteria included all of the following: NCPAP 6
CWP requiring FiO, between 0.21 and 0.25 to maintain oxygen saturations
85-95% (consistent with the unit target for oxygen saturations); respiratory
rate consistently 1<60 breaths per minute, mild to no subcostal/intercostal
retractions, no apnea or bradycardia events requiring bag-mask ventilation
in the past 12 h, <3 apnea and/or bradycardic episodes in any 1-h period
for the previous 6 h, and tolerating time off CPAP during routine CPAP care
(~15 min). Parental consent was obtained in the first week of life or the first
week of admission to our hospital if transferred from an outside facility. We
identified potential study patients by daily census review and approached
the parents of all infants born <30 weeks who were on NCPAP or
mechanical ventilation for consent.

Exclusion criteria included major congenital anomalies (including
congenital heart disease), conditions that prevented discontinuation of
NCPAP such as severe tracheomalacia, and patients who were undergoing
evaluation and/or treatment for sepsis at the time of enroliment.

Consented patients were randomized once predefined stability criteria
were met on NCPAP 6 CWP and the provider was ready to discontinue or
wean NCPAP. A randomization allocation sequence was created using
permuted blocks in a 4-6-6 scheme. The study group assignment was
placed in sequentially numbered, opaque envelopes. The primary medical
team obtained the subsequently numbered randomization envelope and
followed the assigned intervention protocol. The primary medical team
had no influence on what type of envelope was chosen. Blinding providers
to the intervention group was not feasible given the nature of workflow in
our unit. In order to minimize provider variability and keep the practice as
consistent as possible, the protocols did not allow for the use of HFNC or
flow >11/min (LPM) as an intermediary step between NCPAP and nasal
cannula. Other than the requirement for enrolled infants to be on caffeine
10mg/kg daily at the time of randomization, the adjustment and
discontinuation of caffeine were at the provider's discretion.
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Study algorithm. Resource placed at bedside and in NICU work areas to guide NCPAP management for patients enrolled in the study.

Interventions (Fig. 1)

Fast wean arm. Infants who were randomized to the abrupt discontinua-
tion or “fast wean” group had NCPAP discontinued from 6 CWP and were
placed on a nasal cannula, 1LPM on no >30% supplemental oxygen.
Infants were considered to have failed discontinuation if one or more of
the following criteria were met: persistent respiratory rate >75 breaths per
minute; respiratory distress defined as moderate to severe retractions,
grunting, nasal flaring that persisted for at least 30 min; FiO, >30% for at
least 6 h to keep oxygen saturations 85-95%; any apnea or bradycardia
that required bag-mask ventilation, or more than two apnea and/or
bradycardia episodes in a 1-h period. If an infant failed discontinuation,
NCPAP of at least 6 CWP was resumed for a minimum of 1 week before
another attempt to discontinue NCPAP was made, after the patient again
met the stability criteria. If an infant met the failure criteria after the second
attempt, the study ended for that patient and respiratory support was
managed at the providers’ discretion.

Slow wean arm. Infants who were randomized to the slow wean group
had CPAP pressure weaned from 6 CWP by 1 CWP every 24 h if the subjects
met the stability criteria after each wean until reaching CPAP 4 CWP. If at
any point after decreasing CPAP pressure the subject met CPAP failure
criteria, the pressure was increased back to the previous CPAP pressure.
After achieving stabilization for 24 h, the weaning process was resumed
again. Once the subject met the stability criteria on CPAP of 4 CWP for at
least 24 h, NCPAP was discontinued, and the infant was placed on nasal
cannula at 1 LPM and no >30% supplemental oxygen. If the infant failed
discontinuation, they were put back on NCPAP 6 CWP for a minimum of
1 week before attempting to wean the NCPAP, as long as the patient met
the stability criteria. If an infant met the failure criteria after the second
attempt, the study ended for that patient and respiratory support was
managed at the providers’ discretion.

Outcomes

The study period ended 28 days after randomization or after two failed
attempts of discontinuation of NCPAP, whichever occurred earlier. The
primary outcome of interest was the total number of days on NCPAP or
mechanical ventilation from randomization until discharge. Secondary
outcomes included failure to wean off NCPAP within 28 days or two failed
attempts of discontinuation, success at first weaning attempt, time to
successful wean, postmenstrual age and weight at successful wean and at
discharge, time to ad lib feeding by mouth, and length of hospital stay. We
also investigated rates of comorbidities that occurred after randomization,
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Fig. 2 Study enrollment flow chart and participant retention. Study enrollment flow diagram.

including BPD, necrotizing enterocolitis, air leak disorders, nasal break-
down, and the need for home oxygen therapy after discharge. Since
providers were free to use HFNC once the patient was no longer in the
study, we also investigated the number of days on HFNC during the 28-day
study period in infants who failed two attempts in NCPAP discontinuation.

Statistical analysis

Prior to the initiation of our study, no published studies evaluated our
primary outcome with a similar weaning methodology, which limited our
ability to calculate the appropriate sample size. Therefore, we designed our
study as a pilot study for a larger, more definitive study in the future. Since
no sample size was calculated, we planned as many patients as possible
within 1 year, ideally achieving a similar sample size to the studies
comparing other methods of weaning CPAP. Data were analyzed with the
intention-to-treat principle using the STATA statistical analysis software.
Continuous variables were analyzed using the Student’s t test and nominal
variables were analyzed using the x test. A time-to-success analysis was
done using the Kaplan-Meier survival analysis. Time to success was
defined as the number of days from the day the patient was randomized
until the day that patient was taken off NCPAP without failure, within the
28-day study period. Those who failed discontinuation of NCPAP twice or
who were not weaned off NCPAP during the 28-day study period were
censored out. The hazard ratio was calculated using the Cox regression.

RESULTS

One hundred and sixty-seven potential study participants were
admitted during the enrollment period of August 2017 to November
2018. Of these, seven (4%) patients were ineligible (one was critically
ill and had do not resuscitate in place, four died prior to consent
being obtained, two had major congenital anomalies). Nine (5%)
patients had NCPAP weaned prior to consent being obtained.
Parents were approached for consent for the remaining 151
patients, and 79 (47%) consented to participate in the study. Of
the 79 consented patients, 66 (41%) were enrolled and randomized,
as outlined in Fig. 2. Of the thirteen patients who were consented
but not randomized, seven were withdrawn from the study by the
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provider prior to randomization and six were excluded from the
study prior to randomization (two died, one developed gastric
perforation, one developed severe nasal breakdown, and two were
never successfully extubated and required eventual tracheostomy
placement). One additional patient was randomized inadvertently
without consent in place and was removed from the study after
relevant notifications. Thirty-five infants were randomized to the
“slow wean” arm, while 31 infants were randomized to the “fast
wean” arm. One patient was randomized to the “slow wean” arm,
but the provider inadvertently followed the “fast wean” protocol and
was analyzed with the “slow wean” arm based on the intention-to-
treat principle. The clinical characteristics were similar in each group
except for antenatal steroid treatment, which was less in the “slow
wean” group (Table 1).

Infants in the “fast wean” group were on NCPAP or mechanical
ventilation for an average of 12.3 days (95% confidence interval
(Cl) 8.9-15.6), while infants in the “slow wean” group were on
NCPAP or mechanical ventilation for an average of 17.3 days (95%
Cl 14.2-20.3) (Table 2). The difference between the means was —5,
which was statistically significant with 95% Cl of —9.5 to —0.5 and
p value of 0.029. There were no differences observed in any of the
secondary outcomes measured. We chose to present the data in
Table 2 as means with 95% Cls instead of standard deviations in
order to provide a more meaningful inference of the results by
showing precision of estimates as well as the potential range of
effects seen in the context of the sample variability. A per-protocol
analysis was also performed comparing the 34 patients in the
“slow wean” arm and the 32 patients in the “fast wean” arm. The
per-protocol analysis, like the intention-to-treat analysis, showed
that the infants who followed the “fast wean” protocol were on
NCPAP or mechanical ventilation 5.4 fewer days than those in the
“slow wean” group (17.5 days (95% Cl 14.3-20.6) vs 12.1 days (95%
Cl 8.9-15.4); p = 0.02).

Kaplan—Meier survival analysis was performed to evaluate time
to success in weaning off NCPAP, censored by study failures
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Table 1. Baseline characteristics of study participants.

Characteristics

Sex (M) (#, %)

GA at birth (weeks) (mean + range)
Birthweight (g) (mean + range)

PMA at enrollment (weeks) (mean + range)
Weight at enrollment (g) (mean + range)
No antenatal steroids (#, %)

Surfactant doses (mean -+ range)

NCPAP days® (mean + range)

Ventilator days® (mean -+ range)

NIPPV days® (mean + range)

Slow wean (n = 35)

Fast wean (n =31)

15 (43) 12 (38)

26.8 (23.7-29.9) 26.8 (23.1-29.7)
965 (460-1950) 897 (500-1480)
31.4 (26.1-42.4) 31.1 (27.3-35.2)
1384 (560-3680) 1237 (6400-2235)
9 (26%) 2(6%)

1.17 (0-3) 1.1 (0-3)

14.7 (2-58) 12.3 (2-34)

19.2 (0-65) 17.6 (0-59)

1.5 (0-22) 1.9 (0-18)

NCPAP nasal continuous positive airway pressure, NIPPV noninvasive positive pressure ventilation, PMA postmenstrual age, GA gestational age.
Prior to enrollment: NCPAP, ventilator, and NIPPV days were evaluated for each study participant prior to enrollment so that any differences between
theoretical risk of lung injury due to positive pressure ventilation prior to randomization could be observed.

(Fig. 3). There was no difference observed between the two
groups in time to successful weaning. The median time to success
was 19 days in the “fast wean” arm compared to 17 days in the
“slow wean” arm. The hazard ratio was 1.44 (95% Cl 0.7-2.8; p =
0.28).

DISCUSSION

We carried out a randomized, comparative effectiveness trial
comparing two commonly used methods of weaning NCPAP and
found that gradually weaning NCPAP pressures before disconti-
nuation of NCPAP resulted in infants being on NCPAP for at least
5 days longer than those who had NCPAP abruptly discontinued.
Due to the lack of published studies with weaning methods and
primary outcomes similar to our study, we designed this study as a
pilot study with the expectation that future confirmatory studies
would be performed with an appropriate sample size to achieve
80% power. In contrast to the primary outcomes explored in the
previous studies comparing NCPAP weaning methods, we chose
to look at the primary outcome of the number of days on NCPAP
or mechanical ventilation in a 28-day period as we found this
information to be the most clinically and practically relevant.
Proper NCPAP use is very staff intensive, requiring frequent,
meticulous attention to detail to ensure appropriate positioning
and function. It also requires particular care and attention to avoid
consequential injury such as nasal breakdown or at worst
columellar pressure necrosis. In addition, NCPAP administration
can be the determining factor for critical care (higher cost) billing
day vs an intensive care (lower cost) billing day. In these cases,
unnecessarily prolongation of NCPAP use can result in higher
health care costs. It is important in the practice of medicine that
we utilize our resources appropriately, seeking the minimum
dosage, duration, and cost of treatment to achieve our desired
outcome in a safe way.

In our evaluation of secondary outcomes, we observed no
significant differences, most notably in the risk for BPD, weight
gain, or discharge home on oxygen supplementation. This
indicates that either method is likely safe. Interestingly, there
was a slight trend toward BPD in the “slow wean” group; however,
this was not statistically significant. There were also no incidences
of air leak disorders in either group after randomization, and the
rates of nasal breakdown were not significantly different in the
two groups, indicating that risks of NCPAP therapy were not
different in either strategy. While the rates of success at the first
attempt were slightly higher in the “slow wean” arm (14 vs 8), this
was also not statistically significant (p = 0.22). Time to successful
weaning off NCPAP was also not different between the two
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groups, which could indicate that success at first wean attempt is
not a good indicator of a successful NCPAP weaning strategy.
Interestingly, the secondary outcomes of postmenstrual age at
success and weight at success were similar between the two
groups (34.1 weeks (28.4-42.1) vs 34.4 weeks (29-52.40),1847 g
(790-3605) vs 1893 g (970-4800). This raises the question of
whether or not the size and maturity of the infant have more
influence on successful discontinuation from NCPAP than the
method of weaning. Further studies would need to be done to
answer this question definitively.

There have been two recently published studies comparing
similar NCPAP weaning methods. The first, by Amatya et al. in
2017, studied infants 26-32 weeks gestation, comparing sudden
discontinuation from NCPAP 5CWP vs a gradual wean from
NCPAP 5-3 CWP within 24 h [11] unlike our study where the infant
was gradually over several days. They found that their primary
outcome of success at the first wean attempt was more likely in
those who underwent a gradual wean. They did not see a
difference in the total number of days on NCPAP between the two
groups, nor did they see a difference in corrected gestational age
or weight at successful wean. Most recently, there was a large
multicenter randomized controlled trial by Jensen et al. in 2018
that compared a sudden vs gradual pressure wean of NCPAP
pressures in infants <32 weeks gestation [12]. This study looked at
the primary outcome of weight gain velocity and showed no
difference between the two groups. Among their secondary
outcomes, they also showed no difference in the number of days
on NCPAP after randomization, the number of attempts to
successful discontinuation of NCPAP, days to successful disconti-
nuation of NCPAP, or length of hospital stay. A stratified analysis
did show a higher likelihood of success at first wean attempt in
the weaning group in those <28 weeks gestation; however, no
differences in NCPAP duration in this subgroup.

Our study outcome differed from the other published studies in
that we did observe a difference in days on NCPAP and
mechanical ventilation after randomization favoring those in the
abrupt discontinuation group despite having a small sample size.
This will need to be confirmed in future studies. We also did not
detect a difference in success at the first wean attempt between
the two groups, which differed from similar previous studies. It is
possible that our study was not sufficiently powered to detect this
difference due to our small sample size.

LIMITATIONS
The nature of a comparative effectiveness trial lends itself to bias
and confounding. We sought to limit provider bias by allocation
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Table 2. Study outcomes.
Outcomes Slow wean (n = 35) Fast wean (n=31) P value
NCPAP/ventilator days (mean, 95% (e}l 17.3 (14.2-20.4) 12.3 (8.9-15.6) 0.03

Failure (# of patients, %) (95% CI)

13 (37%) (21-53%)

16 (52%) (34-70%)

MD (95% Cl) -5 (-9.5, —0.5)
0.24

Success at first attempt (#, %) (95% Cl) 14 (40%) (24-56%) 8 (28%) (12-44%) 0.22
Days to success (mean, 95% Cl)>“ 21.4 (16-26.9) 25.3 (17.3-33.3) 0.58
PMA at success (weeks) (mean, 95% CI)¢ 34.1 (33-35.2) 34.4 (32.3-36.1) 0.92
Weight at success (g) (mean, 95% CI)¢ 1847 (1612-2083) 1893 (1603-2182) 0.99
LOS (days) (mean, 95% Cl) ° 91.2 (80-102.4) 93.3 (77.8-108.7) 0.83
PMA at discharge (weeks) (mean, 95% Cl) 39.6 (38.2-41) 40.1 (38.3-41.8) 0.66
Ad lib feeds (DOL) (mean, 95% CI)f 78 (69-88) 73 (64-82) 0.45
Weight gain (%) (95% CI)° 196 (146-246) 185 (144-227) 0.75
BPD (moderate-severe) (#, %) (95% CI)h 18 (51%) (36-66%) 14 (45%) (27-63%) 0.18
Nasal breakdown (# of patients, %) (95% (e} 4 (11%) (1-21%) 2 (6%) (0-17%) 0.48
HFNC days (mean, 95% () 2.9 (1-4.7) 2.2 (0.5-3.8) 0.58
Home O, (# of patients, %) (95% Cl) 5 (14%) (3-25%) 9 (29%) (13-45%) 0.18

MD mean difference, C/ confidence interval, NCPAP nasal continuous positive airway pressure, PMA postmenstrual age, LOS length of stay (in days), BPD

bronchopulmonary dysplasia, HFNC high flow nasal cannula.
“Primary outcome was NCPAP/ventilator days.
POne day is considered 0-24 h.

“Failure is defined as failing discontinuation of NCPAP twice or failing to discontinue NCPAP during a 28-day study period.

9Days to success is defined as the number of days from randomization to successful discontinuation of NCPAP.

*PMA and weight at success are the postmenstrual age and weight on the day of successful discontinuation of NCPAP.

fAd lib feeds refer to the day of life in which infant feeds were successfully advanced to “ad lib,” indicating the infant was completing sufficient feeds

by mouth.

9Weight gain percentage = (weight at discharge — weight at birth)/weight at birth.
PModerate-severe BPD was defined as an oxygen requirement of >21% FiO, on the nasal cannula or need for positive pressure ventilation such as HFNC or

NCPAP at >36 weeks PMA.

iIncidence of nasal breakdown was determined by documentation of nasal breakdown by providers requiring intervention during the study period.

Kaplan- Meier Survival Estimates

0.50 0.75 1.00
L L L

0.25
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0.00
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T T T
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Time (days)

———  Fast Wean

Slow Wean ‘

Fig. 3 Kaplan-Meier curves evaluating time to successful wean-
ing, from randomization until successful wean off NCPAP.
Censored for failures (defined as failure of NCPAP discontinuation
twice or inability to wean from NCPAP during a 28-day study period).

concealment and standardization of stability and failure criteria. In
addition, we gave strict study parameters regarding the use of
nasal cannula after NCPAP discontinuation and prohibiting the use
of HFNC in order to minimize practice variability. We also
minimized selection bias by recruiting and enrolling all patients
<30 weeks gestation who were on mechanical ventilation or
NCPAP early in life, prior to considering other factors in their
hospital course (such as duration of mechanical ventilation or
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other factors that could lead to difficulty weaning off NCPAP).
While equipoise was present in the study investigators, many
providers considered a gradual wean to be a safer, more effective
means of weaning NCPAP and the potential for provider bias
remained. It is encouraging that despite possible provider bias
toward a gradual wean in our unity, the results of our study still
favored an abrupt continuation.

Another limitation of our study was the inability to calculate a
sample size to ensure adequate power, as it was carried out as a
pilot study. While we did not see any significant differences in our
secondary outcomes, it is possible that the study was under-
powered to detect these differences. Therefore, it is essential that
a follow-up study with a sample size calculation to ensure
adequate power is performed.

In addition, due to practical constraints, we could not mask the
interventions. We attempted to balance the risk of provider bias
by providing detailed stability and failure criteria. In eight cases
(five in “slow wean” group and three in “fast wean” group), infants
were randomized prior to being ready to wean (NCPAP >6 CWP or
not meeting the stability criteria). This protocol deviation could
have increased the risk of provider bias, but one would expect that
such bias would favor the “slow wean” arm as this is the standard
practice at our institution.

Unexpectedly, a large proportion of infants in the “slow wean”
arm did not receive antenatal steroids, which differs from standard
obstetric practice at our institution. Given the high rates of
antenatal steroids given in our institution, it is possible that this
indicates more mothers in this group did not present to the
hospital in time to receive steroids prior to delivery or that their
delivery was emergent in nature. The difference in the rates of
antenatal steroids between the two arms could be confounded by
a difference in the severity of lung disease. However, as other
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indicators of lung disease such as duration of mechanical
ventilation and NCPAP prior to randomization were not different
between the two groups, we assume that this did not affect our
outcomes.

CONCLUSIONS

Based on the results of our study, we conclude that it is possible
that NCPAP 6 CWP can be safely discontinued in premature
infants who demonstrate respiratory stability without further
weaning. As weaning pressures resulted in more days on NCPAP,
prolonged weaning could result in unnecessary prolongation of
NCPAP use. Because of the lack of prior studies evaluating this
particular primary outcome, we chose to perform this study as a
pilot trial without a prior sample size assessment. Therefore,
these data should be confirmed by a larger trial with adequate
power to determine differences in both primary and secondary
outcomes.
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