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Nasal High-Frequency Oscillatory
Ventilation in Preterm Infants With
Respiratory Distress Syndrome and ARDS
After Extubation

A Randomized Controlled Trial

Long Chen, PhD, MD; Li Wang, PhD, MD; Juan Ma, MD, Zhichun Feng, PhD, MD, Jie Li, MD,; and Yuan Shi, PhD, MD

BACKGROUND: Nasal high-frequency oscillatory ventilation (NHFOV) has been described as
supplying the combined advantages of nasal CPAP (NCPAP) and HFOV. However, its effect
on preterm infants needs to be further elucidated. Our objective was to assess whether
NHFOV could reduce intubation and Pco, levels as compared with NCPAP during the
postextubation phase in preterm infants.

METHODS: This was a single-center, randomized, controlled trial, and it was registered at
clinicaltrials.gov (NCT03140891) and conducted between May 2017 and May 2018. Venti-
lated infants born at less than 37 weeks’ gestational age and ready to be extubated were
included and randomized to either the NHFOV or NCPAP group. Primary outcomes were
the incidence of reintubation within 1 week and the Pco, level within 6 h.

RESULTS: A total of 206 preterm infants were included. Of them, 127 (61.7%) were diagnosed
with respiratory distress syndrome, 53 (25.7%) with ARDS, and 26 (12.6%) with both res-
piratory distress syndrome and ARDS. Comparing with NCPAP, NHFOV significantly
reduced the reintubation rate (16:87 vs 35:68; 95% CI, 0.18-0.70; P = .002), especially in the
subgroup with a gestational age of = 32 weeks (12:34 vs 25:20; 95% CI, 0.12-0.68; P = .004).
The Pco, level was also significant lower in the NHFOV group (49.6 £ 8.7 vs 56.9 & 9.9;
95% CI, -9.95 to —-4.80; P = < .001). Moreover, NHFOV significantly reduced the reintu-
bation rate in preterm infants with ARDS (10:33 vs 21:15; 95% CI, 0.08-0.57; P = .002).

concLusions: NHFOV was shown to be superior to NCPAP in avoiding reintubation,
especially in very preterm infants and those infants diagnosed with ARDS.
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Invasive ventilation remains one key cornerstone to
reduce neonatal mortality in preterm infants with
respiratory distres syndrome (RDS) and/or ARDS.
However, it is also related to increased risks of
ventilator-associated lung injury and escalation of
pulmonary inflammation, which finally result in
bronchopulmonary dysplasia (BPD)," and later in
neurologic impairment among the survivors,”*
especially in those infants with repeated intubation and/
or prolonged duration of invasive ventilation. Early
weaning from invasive ventilation is therefore a key
procedure to reduce these risks.

Besides caffeine,” early noninvasive respiratory support
strategies have been suggested to be the most effective
pathways to reduce short- and long-term mortality and
morbidity. Nasal CPAP (NCPAP) was one widely used
noninvasive ventilation strategy in preterm infants.
However, there was only a 60% success rate in avoiding
intubation.’ One of the important causes was the
increased Pco,.” By combining the advantages of
NCPAP and high-frequency oscillatory ventilation
(HFOV) with high CO, removal, there was no need for
synchronization; it was noninvasive; the lower volume
required resulted in fewer barotraumas; and functional
residual capacity was increased.” Nasal HFOV
(NHFOV) was considered a strengthened version of
NCPAP. Furthermore, the superimposed oscillations of

NHFOV avoided gas trapping and clearly allowed the
upregulation of mean airway pressure (MAP)
compared with NCPAP. Thus, NHFOV might be more
beneficial as a postextubation respiratory support
strategy to avoid reintubation and subsequent
complications and/or sequelae as compared with
NCPAP in preterm infants.” Nowadays, NHFOV is
increasingly used in neonatal ICUs (NICUs) around
the world because of its convenient operation. A
retrospective review has reported some beneficial
effects of NHFOV in preterm infants as a remedial
measure after other noninvasive modes have failed,
including reducing the number of apneas,
bradycardias, and oxygen desaturations."’
diagnostic criteria for pediatric and neonatal ARDS
were proposed in 2015'" and 2017.' However, there
were rare randomized controlled studies comparing
NHFOV with NCPAP in preterm infants with RDS
and/or ARDS."*'°

New

We have found that NHFOV as the primary respiratory
support strategy was associated with a decreased rate of
intubation as compared with NCPAP in a Chinese
single-center, randomized controlled trial.'” The
purpose of the present study was to compare NHFOV
with NCPAP as postextubation respiratory support
strategies for endotracheal ventilation, as well as the
Pco, level, in preterm infants.

Patients and Methods

Standard Protocol Approval, Registration, and Patient
Consent

This study was approved by the Ethics Committee of Daping Hospital
of the Army Medical University (project approval No. 201716) and
registered  at  https://www.clinicaltrials.gov  (clinicaltrials.gov;
Identifier: NCT03140891) (registration date, May 3, 2017). The study
was designed to be a prospective protocol, and informed parental
written consent was obtained prior to the start of the study. The trial
was performed in accordance with the approved guidelines and
regulations of the participating institutions. Additional details can be
found in e-Appendix 1.
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Study Design and Participants

This was a single-center, randomized controlled trial conducted in a
tertiary NICU from May 2017 to May 2018, at Daping Hospital of
the Army Medical University at Chongqing, China.

Eligibility requirements for neonates were as follows: (1) The
gestational age was less than 37 weeks; (2) the preterm neonates
were diagnosed with RDS- and/or ARDS-associated respiratory
failure, and supported by invasive ventilation with synchronized
intermittent mandatory ventilation or HFOV; (3) there were no
intraventricular hemorrhage (IVH) grade 3 or 4; and (4) the first
extubation and subsequent noninvasive ventilation were ready to be
carried out.

Exclusion criteria were as follows: (1) parents’ decision not to
participate; and (2) major congenital anomalies.

Definition of the Important Diagnoses and Concepts
Diagnosis of RDS: The clinical signs and symptoms, including
respiratory distress, tachypnea, nasal flaring, groan, and cyanosis,
appeared within 24 h of birth, as well as an effective response to
pulmonary surfactant and/or lung recruitment strategies. Other
criteria included typical radiographic features such as a grainy
shadow, air bronchogram, or white lungs.

Diagnosis of ARDS: The diagnosis of ARDS was made according to
the criteria established by the Pediatric Acute Lung Injury Consensus
Conference Group in 2015'' and a Montreux conference in 2017."
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In addition, the causes of ARDS included mainly sepsis, meconium
aspiration syndrome, pneumonia, bile pneumonia, and milk aspiration.

Eligibility Criteria for Extubation

The respiratory support mode before extubation was synchronized
intermittent mandatory ventilation. Besides the improved symptoms,
radiographs, and sufficient spontaneous breathing efforts, the
eligibility criteria for extubation included a peak inspiratory pressure
of 15 to 25 cm H,O0, a positive end-expiratory pressure of 4 to 6 cm
H,0, a respiratory rate of 10 to 30, an Fio, from 0.21 to 0.30, and a
hematocrit exceeding 35%.'® Arterial blood gas analysis was needed
to meet the following criteria: pH > 7.20, Paco, = 55 mm Hg.

Allocation and Blinding

Allocation was carried out according to a similar methodology used in
another study.'” After documenting parental consent, the infants with
invasive ventilation were randomly assigned to either NHFOV or
NCPAP, using a table of random numbers and sealed opaque
envelopes when they were eligible for extubation. Blinding to doctor
was not possible, due to the nature of the intervention.

Administration of Caffeine Citrate and Pulmonary
Surfactant Replacement

These preterm infants received caffeine citrate at a loading dose of
20 mg/kg and a maintenance dose of 10 mg/kg/d until 34 weeks of
gestational age.

Pulmonary  surfactant  (poractant alfa  [Curosurf];  Chiesi
Pharmaceuticals) was administered at a dose of 100 mg/kg as a
rescue treatment if an infant needed Fio, > 0.40 to maintain the
targeted oxygen saturation (Spo,). The intervals of surfactant
administration were 6 to 12 h; no more than four doses were allowed.

Study Intervention

When the neonate had fulfilled the extubation criteria, NHFOV or
NCPAP was immediately started on the basis of the group
assignment. Other care was at the discretion of the attending
neonatologist.

A time-cycled, pressure-limited, and continuous-flow neonatal
ventilator (SLE5000; SLE) was used for neonates assigned to the
NHFOV group. The initial settings were as follows: (1) a frequency
of 10 Hz (subsequent regulation range, 8-12, in steps of 1 Hz); (2)
an inspiratory time of 50% (1:1)"%; (3) an oscillation amplitude of
35 cm H,O (subsequent regulation range, 25-50, in steps of 5 cm
H,0)."*"” Oscillation amplitude would be regulated according to the
level of Pco,. Visible chest oscillation was not necessary because
elimination of CO, during NHFOV could also occur in the upper
respiratory airway deadspace.”” Hypercarbia was one of the most
important causes of reintubation, and therefore amplitude would
first be upregulated, and then frequency would be lowered within the
above-restricted ranges to avoid hypercarbia®’; (4) an MAP of 10 cm
H,O (subsequent regulation range, 5-16, in steps of 1 cm H,0).°
MAP was regulated according to an open lung recruitment
strategyzz; and (5) Fio, regulated from 0.21 to 0.40 (target value, =
30%) in order to maintain Spo, from 90% to 95% as determined
with a pulse oximeter.

Neonates assigned to NCPAP were initiated at a pressure of 6 cm H,0
(subsequent regulation range, 4-8, in steps of 1 cm H,0) with a bubble
CPAP system (Fritz Stephan GmbH), with Fio, from 0.21 to 0.40
(target value, = 30%) to maintain Spo, from 90% to 95%.

NHFOV and CPAP would be connected to preterm infants through
short binasal prongs (short tubes that fit in both nostrils).”> The size
of the nasal prongs would be selected according to the nares’
diameter and manufacturer’s instructions.
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To avoid stomach/intestine dilation, a tube was used from mouth to
stomach and gas was periodically aspirated in both groups when the
interventions were conducted.

To reduce neonates’ discomfort and gas leak, nursing, pacifiers, and
positioning should be used. Otherwise, no oral or injected sedation
was applied.

Eligibility Criteria for Reintubation

The subjects would be reintubated if they did not improve and needed
invasive ventilation, the determination of which was based on the
standard indications used in another study.”' The criteria for
reintubation and mechanical ventilation were met with the occurrence of
any one of the following conditions: (1) cardiorespiratory arrest or any
type of pulmonary hemorrhage; (2) 2 h of respiratory acidosis with
Paco, > 70 mm Hg and pH < 7.2; (3) 2 h of hypoxia with Po, <
50 mm Hg, Fio, less than 0.6, and maximal pressures given (8 and
16 cm H,O in the NCPAP group and NHFOV group, respectively); (4)
apnea occurring three or more times per hour and a heart rate less than
100/min; (5) requirement for mask ventilation in any case; and (6)
persistent low blood pressure without response to liquid resuscitation
and vasoactive agents.

If a preterm infant failed the first extubation, the noninvasive
supporting mode of the second extubation was at the discretion of
the attending neonatologist.

Weaning From NHFOV and NCPAP Interventions

The study intervention would be stopped according to clinical
conditions and the following criteria for 24 to 48 h: (1) weaning
from NCPAP: pressure would be reduced by 1-cm H,O steps down
to a minimum of 4 cm H,O, with Fio, at less than 25%; (2) weaning
from NHFOV: amplitude would be reduced to the minimum initial
level of 25 cm H,O and MAP would be reduced by 1 cm H,0O down
to a minimum of 5 cm H,O, with Fio, at less than 25%.

Termination of the Study

The study would end if one of the following conditions was reached:
(1) death; (2) parents’ decision not to continue participating; or (3)
discharge according to doctors’ suggestions.

Primary and Secondary Outcomes

The primary outcomes of this study were to determine the need for
endotracheal ventilation within 1 week and the level of Pco, within
6 h in preterm infants randomized to NCPAP or NHFOV. Pco,
levels were determined by arterial or arterialized blood gas analysis.

The secondary outcomes included the incidences of BPD, patent
ductus  arteriosus, retinopathy of prematurity, necrotizing
enterocolitis, and IVH, as well as hospital stay, abdominal distention,
and nasal trauma.

Ultrasound was used to assess cardiac morphology, pulmonary pressures,
and patent ductus arteriosus within the first 24 h of life, and was
subsequently repeated every week until recovery/leaving hospital.
Cerebral ultrasound was performed within 72 h of life and subsequently
repeated every week until recovery or discharge. Other routine therapies,
including preventing BPD, routine fluid administration, and nutritional
supplementation, were done according to Chinese guidelines. The
diagnosis of BPD was consistent with the National Institute of Child
Health and Human Development definition.

Sample Size Estimation

Sample size estimation was calculated with PASS software (2008,
version 8.0.3; NCSS). According to previous studies,’ an average of
40% of preterm neonates administered NCPAP after extubation
needed endotracheal ventilation. A systematic review has shown that
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nasal intermittent positive-pressure ventilation (NIPPV) reduced the
incidence of extubation failure and the need for reintubation within
48 h to 1 week more effectively than NCPAP.” Although no study
compared NHFOV with NIPPV, NHFOV was quite widely used in
some European countries”® and could be beneficial as a rescue
strategy after another noninvasive mode, including NIPPV.'**" A
reasonable hypothesis was that NHFOV could be noninferior to
NIPPV in avoiding reintubation. Our previous study has indicated
that the success rate of NIPPV was about 85%°’; NHFOV was
therefore thought to provide no less than an 85% success rate. A
plausible estimate of the coincidence rate of both NHFOV and
NCPAP success was 70%, and with 80% power and a two-sided
significance level of .05, 71 neonates at least would be needed in
each group.

In actuality, our study also showed that the success rate of NCPAP was
about 76%.”” We calculated the sample size, expecting a 15% increase

in NHFOV. With 80% power and a two-sided significance level of .05,
101 infants would be needed in each group. Considering the gestational
age differences of the two studies (26 vs < 37 weeks),””” a minimum
sample size of 101 was needed in each group.

Statistical Analysis

Independent continuous variables, expressed as mean £ SD, were
analyzed by ¢t test. Categorical variables were analyzed by %> test or
Fisher test. The two subgroups were predefined as = 32 weeks and
32 to 36"° weeks, and subgroup analyses were conducted for the
primary outcomes. Moreover, to further justify the effect of RDS
and/or ARDS on reintubation within subgroups, a test of diagnosis-
by-gestational age subgroup interaction was conducted using binary
logistic regression. All analyses were carried out with computer
software (SPSS 16.0 for Windows; IBM). A P value less than .05 was
regarded as statistically significant.

Results

Study Neonates

A total of 262 preterm infants were screened between
May 4, 2017 and May 30, 2018, of which 35 did not meet
inclusion criteria, 10 parents of preterm infants declined
to participate, and 11 were excluded because of no
availability of study device. Finally, 206 preterm infants
underwent randomization and finished the trials (103 in
the NHFOV group and 103 in the NCPAP group) and
were included in the final analysis (Fig 1). The number
of involved preterm infants reached the calculated
sample size. Analysis according to the intention-to-treat
principle was considered to be the most proper way of
analyzing randomized controlled trial results. Data
analyses followed the intention-to-treat principle.
Intention-to-treat principle analysis required that all
randomized participants be included and analyzed

262 preterm infants were eligible

56 were excluded
35 did not meet inclusion criteria
10 declined to participate
11 no availability of study device

| 206 underwent randomization ’

|
y !

‘ 103 were assigned to ‘ 103 were assigned to

NHFOV NCPAP
| |

!

| 206 preterm infants were included in analysis ’

Figure 1 - Flow diagram of participants through each stage.
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according to the treatment group to which they were
originally assigned.

All neonates arrived at the NICU within 6 h. There were
no significant differences in main clinical characteristics
including birth weight, Apgar score, and sex between the
two groups (Table 1). Seventy-five women (36.4%)
received urgent cesarean delivery (41 in the NHFOV
group and 34 in the NCPAP group), 77 (37.4%)
underwent vaginal delivery (38 in the NHFOV group
and 39 in the NCPAP group), and 54 (26.2%) received
selective cesarean delivery (24 in the NHFOV group and
30 in the NCPAP group).

The main respiratory disorders were RDS and ARDS. Of
the disorders, 127 (61.7%) were RDS (60 in the NHFOV
group and 67 in the NCPAP group); 53 (25.7%) were
ARDS, including 18 with sepsis (8.7%), 15 with
meconium aspiration syndrome (MAS) (7.3%), 11 with
pneumonia (5.3%), 8 with bile pneumonia (3.9%), and 1
with milk aspiration (0.5%). The other 26 (12.6%) were
both RDS and ARDS (9 in the NHFOV group and 17 in
the NCPAP group), in which ARDS due to sepsis was
diagnosed.

Primary and Secondary Outcomes

In the primary outcomes analysis (Table 2), both the
rate of reintubation and Pco, levels within 6 h were
significantly lower in the NHFOV group than in the
NCPAP group (reintubation: 16:87 vs 35:68,
respectively; 95% CI, 0.18-0.70; P = .002) (Pco, level:
49.6 £ 8.7 vs 56.9 £ 9.9, respectively; 95% CI, -9.95 to
-4.80; P = < .001).

In the secondary outcomes analysis (Table 3), the
hospital length of stay were found to be significantly
shorter in the NHFOV group than in the NCPAP group
(22.0 £ 14.3 vs 27.6 £ 17.1, respectively; 95% CI, -9.92
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TABLE 1 | Baseline Characteristics of Neonates in NHFOV and NCPAP Groups

Characteristic NHFOV (n = 103) NCPAP (n = 103) 95% (I P Value
Gestational age, d 226.8 £ 16.9 229.5 £ 16.8 -7.27 to 2.01 .265
Sex (male), No. (%) 59 (57.3) 64 (62.1) 0.46 to 1.43 478
Birth weight, g 1,859.1 + 569.1 1,917.1 + 477.9 -202.35 to 86.43 430
Apgar, 1 min 8.2+2.0 84+1.9 -0.83to 0.24 .315
Apgar, 5 min 8.9+1.2 9.0+ 1.1 -0.42 t0 0.22 .548
Apgar, 10 min 9.2+1.0 9.3+1.0 -0.41to 0.14 .326
Antenatal corticoids (yes), No. (%) 93 (90.3) 92 (89.3) 0.45 to 2.75 .818
Cesarean (yes), No. (%) 65 (63.1) 64 (62.1) 0.59to0 1.83 .885
GDM (yes), No. (%) 17 (16.5) 24 (23.3) 0.33 to 1.30 222
Duration of invasive ventilation, d 7.2+3.4 7.8+2.8 -1.46 to 0.24 .157
Surfactant use (yes), No. (%) 95 (92.2) 88 (85.4) 0.91 to 6.03 .071
PROM (yes), No. (%) 43 (41.7) 33 (32.0) 0.86 to 2.69 .149
ICP (yes), No. (%) 5(4.9) 7 (6.8) 0.22 to 2.28 .552
Pco, levels (before extubation), cm H,0 44.1 +4.2 43.9 +4.5 -1.01to 1.39 .750

GDM = gestational diabetes mellitus; ICP = intrahepatic cholestasis of pregnancy; NCPAP = nasal CPAP; NHFOV = nasal high-frequency oscillatory

ventilation; PROM = premature rupture of the membrane.

to -1.27; P = .011). No other secondary outcomes
significantly differed between the two groups. No
gastrointestinal perforation was observed (Tables 2, 3;
details in Table 4).

Other than two nasal traumas appearing in the
NHFOV group, four and two preterm infants were
shown to have intestinal dilation in the NHFOV and
NCPAP groups, respectively, and the intestinal
dilation was alleviated after anal exhaust and artificial
bowel movements. Seven cases of IVH grades 1/2 were
observed before extubation. Of them, occipital
hemorrhage appeared in one infant in the NHFOV
group after extubation.

Subgroup Analyses

In subgroup analyses, the reintubation rates did not
show significant differences between the NHFOV and

TABLE 2 | Primary Outcomes

NCPAP groups at 32 to 367 weeks’ gestational age
(4:53 vs 10:48; 95% CI, 0.11-1.23; P = .094). However, in
the preterm infants at = 32 weeks’ gestational age, the
reintubation rates were significantly lower in the
NHFOV group than in the NCPAP group (12:34

vs 25:20; 95% CI, 0.12-0.68; P = .004). On the other
hand, NHFOV decreased the Pco, levels within 6 h after
extubation in both the subgroup of preterm infants with
gestational age between 32 and 36" weeks (49.8 + 6.9
vs 56.0 £ 8.6; 95% CI, -10.05 to —4.26; P = < .001) and
the subgroup of preterm infants at gestational age <
32 weeks (49.3 £ 6.5 vs 56.9 £ 11.6; 95% CI, -11.55 to
-3.75; P = < .001) (Table 2).

To further assess the effects of the diagnoses of RDS
and/or ARDS on reintubation, reintubation rates were
compared in preterm infants in the NHFOV and
NCPAP groups and who were diagnosed with RDS and/

Primary Outcome NHFOV (n = 103) | NCPAP (n = 103) OR/MD 95% CI P Value
Reintubation (yes) 16 (15.5) 35 (34.0) 0.35 0.18 to 0.70 .002
32-367°, No. (total, %) 4 (57,7.0) 10 (58, 17.2) 0.36 0.11to 1.23 .094
= 32 wk, No. (total, %) 12 (46, 26.1) 25 (45, 55.6) 0.28 0.12 to 0.68 .004
Pco,, 6 h after extubation, cm H>0 49.6 + 8.7 56.9 £+ 9.9 -7.15 -9.95 to -4.80 < .001
32-36"° 49.8 +£ 6.9 56.0 + 8.6 -7.37 -10.05 to < .001
-4.26
=32 wk 49.3 +£ 6.5 56.9 + 11.6 -7.65 -11.55to < .001
-3.75

MD = mean difference. See Table 1 legend for expansion of other abbreviations.

744 Original Research

[ 155#4 CHEST APRIL 2019 |



TABLE 3 | Secondary Outcomes

Secondary Outcome NHFOV (n = 103) NCPAP (n = 103) OR/MD 95% CI P Value
IVH (yes), No. (%) 12 (11.7) 13 (12.6) 0.91 0.40 to 2.11 .831
PDA (yes), No. (%) 48 (46.6) 42 (40.8) 1.27 0.73 to 2.20 .399
ROP (yes), No. (%) 6 (5.8) 5 (4.9) 1.21 0.36 to 4.11 .757
BPD (yes), No. (%) 3(2.9) 6 (5.9) 0.49 0.12to 1.99 .498
NEC (yes), No. (%) 14 (13.6) 10 (9.7) 1.46 0.62 to 3.46 .385
Hospital length of stay, d 22.0 + 14.3 27.6 £17.1 -5.60 -9.92 to -1.27 .011
Death (yes), No. (%) 4 (3.9) 6 (5.9) 0.65 0.18 to 2.39 .540
Air leak (yes), No. (%) 1(1.0) 0 (0) 3.03 0.12 to 73.50 .500

BPD = bronchopulmonary dysplasia; IVH = intraventricular hemorrhage; NEC = necrotizing enterocolitis; PDA = patent ductus arteriosus; ROP =
retinopathy of prematurity. See Table 1 and 2 legends for expansion of other abbreviations.

or ARDS. Compared with NCPAP, NHFOV could not
significantly reduce the reintubation rate in preterm
infants diagnosed with RDS (6:54 vs 14:53; 95% ClI,
0.15-1.18; P = .092). However, NHFOV significantly
reduced the reintubation rate in preterm infants

0.157; 95% CI, 0.43-1.76; P = .692).

diagnosed with ARDS and/or RDS (10:33 vs 21:15;

95% CI, 0.08-0.57; P = .002), and those diagnosed
only with ARDS (8:26 vs 10:9; 95% CI, 0.08-0.92;

P = .032) (Table 5).

Discussion

To further assess the effects of RDS and/or ARDS and
gestational age on the rate of reintubation, a test of
diagnosis-by-gestational age subgroup interaction was
also conducted, and no interaction was observed (> =

In this single-center, randomized controlled trial, we
aimed to decrease the incidence of endotracheal

TABLE 4 | Subgroup Analyses of Secondary Outcomes

Secondary Outcome NHFOV (n = 103) NCPAP (n = 103) OR/MD 95% CI P Value
IVH (yes), No. (%)
32-36%6 @ 10 (17.5) 7 (12.1) 1.55 0.64 to 3.74 .330
=32 2 (4.3) 6 (13.3) 0.30 0.06 to 1.38 .120
PDA (yes), No. (%)
32-36"¢ 29 (50.9) 23 (40.4) 1.58 0.75 to 3.30 .220
=32 19 (41.3) 19 (42.2) 1.00 0.71 to 1.41 1.000
ROP (yes), No. (%)
32-367° 3(5.3) 4(6.9) 0.75 0.18 to 3.19 .700
= 32 3 (6.5) 1(2.2) 3.07 0.33 to 28.37 .320
BPD (yes), No. (%)
32-36%° 2 (3.5) 4 (6.9) 0.49 0.09 to 2.57 .400
=32 1(2.2) 2 (4.4) 0.48 0.04 to 5.08 .540
NEC (yes), No. (%)
32-36"° 11 (19.3) 5 (8.6) 2.53 0.95 to 6.76 .060
= 32 3 (6.5) 5(11.1) 0.56 0.14 to 2.19 .400
Hospital stay, d
32-367° 20.4 +11.3 27.3+16.4 -6.89 -12.08 to .010
-1.70
=32 24.5 + 13.0 27.3 +£16.9 -2.79 -9.06 to 3.48 .379
Death (yes), No. (%)
32-36"° 4 (7.0) 5 (8.6) 0.80 0.23 to 2.82 .730
= 32 0 (0) 1(2.2) 0.32 0.01 to 7.63 .480
See Table 1, 2, and 3 legends for expansion of abbreviations.
3Subgroups given as gestational age 32 to 36*® wk (32-36*°) and gestational age = 32 wk (= 32).
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TABLE5 | Comparison of Reintubation Rates in Preterm Infants in NHFOV and NCPAP Groups and Diagnosed With

RDS and/or ARDS

Diagnosis NHFOV NCPAP 95% (I P Value
RDS (yes), No. (total, %) 6 (60, 10.0) 14 (67, 20.9) 0.15-1.18 .092
RDS and ARDS (yes), No. (total, %) 2 (9, 22.2) 11 (17, 64.7) 0.02-1.00 .097
Only ARDS (yes), No. (total, %) 8 (34, 23.5) 10 (19, 52.6) 0.08-0.92 .032
ARDS and/or RDS (yes), No. (total, %) 10 (43, 23.3) 21 (36, 58.3) 0.08-0.57 .002

RDS = respiratory distress syndrome. See Table 1 legend for expansion of other abbreviations.

reintubation and Pco, levels in preterm infants by
comparing NHFOV with NCPAP as postextubation
respiratory support modes. As a result, we found that
NHFOV did significantly reduce the need for
endotracheal ventilation as compared with NCPAP,
especially in the subgroup at = 32 weeks’ gestational
age. A similar effect also appeared on the clearance of
Pco,, including both subgroups.

We also show that the effects of NHFOV and NCPAP
on reintubation were associated with the causes of
respiratory failure. Compared with NCPAP, NHFOV
significantly reduced the reintubation rate in preterm
infants with ARDS. To our knowledge, this is the first
study comparing NHFOV with NCPAP as
postextubation respiratory support modes in preterm
infants with neonatal ARDS. The results suggest that
NHFOV can be superior to NCPAP in preterm
neonates.

Up to now, several studies have compared the effects of
NHFOV and NCPAP on reintubation in preterm
infants, and the results were encouraging. In 1998, van
der Hoeven et al'” applied NHFOV (amplitude, 35 cm
H,0; MAP, 7 cm H,0; and frequency, 10 Hz) in 21
preterm and term infants for respiratory insufficiency.
The result indicated that NHFOV significantly
decreased the Pco, level compared with NCPAP and
could be used to decrease the need for invasive
ventilation. Our previous randomized controlled study
compared the effects of NHFOV with NCPAP on the
need for invasive ventilation as primary respiratory
support mode in preterm infants with moderate-severe
RDS, and the results indicated that NHFOV significantly
reduced the need for invasive ventilation.'” In the
present study, the data show that NHFOV reduced the
need for endotracheal ventilation compared with
NCPAP, especially in the subgroup at a gestational

age = 32 weeks; this was consistent with another study””
performed in China, in which NHFOV was applied as a
rescue treatment after the failure of other noninvasive
ventilation modes, or was prophylactically used in
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neonates at high risk of reintubation. In contrast, Klotz

1?° did a randomized controlled cross-over trial in 26

eta
preterm infants, and the result showed no difference in
failure of noninvasive respiratory support (P = .051)

and clearance of Pco, (P = .33).

A probable reason for the differences was the cause of
respiratory failure. In the study by Klotz et al,”” the
included preterm infants were diagnosed with RDS, and
their results were consistent with ours in preterm infants
diagnosed with RDS. As far as ARDS and/or RDS were
concerned, NHFOV significantly reduced the intubation
rate. A reasonable explanation is that RDS is primarily
restrictive in the acute phase, and the high-frequency
oscillation combined with CPAP does not therefore
bring any benefit. However, ARDS is both restrictive and
obstructive in the acute phase, due to the nature of
ARDS; NHFOV is therefore able to improve
oxygenation.

NHFOV has been reported to have the potential to
reduce airway resistance, the work of breathing,” and
lung inflammatory markers,”" and to improve
oxygenation, lung compliance,” and alveolar
development.”>”” However, the exact mechanism by
which NHFOV improves efficacy has not been fully
explained. Thus, a better understanding of its exact
actions is needed in further studies. One of the possible
mechanisms by which NHFOV works is to decrease
mean levels of Pco,.”’ The study by Colaizy et al'® in 14
very preterm infants (median gestational age, 27 weeks;
median weight at study, 1,605 g) indicated that,
compared with NCPAP (pressure, 4-7 cm H,0),
NHFOV (the same pressure as with NCPAP)
significantly reduced the level of Pco, (45 vs 50; P = .01)
and increased the pH (7.40 vs 7.37; P = .04) after 2 h.
Another retrospective study'’ included 79 neonates in
four centers, and the results showed that, compared with
another noninvasive mode, NHFOV significantly
reduced the mean number of apneas, bradycardias, and
desaturations (over 6 h) (3.2 &= 0.4 vs 1.2 £ 0.3;
P<.001), Fio, (48 4 3 vs 40 &+ 2; P<.001), and Pco,
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levels (74 & 6 vs 62 + 4 mm Hg; P =.025). Furthermore,
Czernik et al” also reported an observational study of 20
mechanically ventilated neonates at high risk for
extubation failure, and the results showed that NHFOV
could be successfully used to wean preterm infants from
invasive ventilation and Pco, significantly declined at
32 h from 59.8 to 50.7 mm Hg (P <.01). But, Pco,
returned again to preextubation levels after termination
of NHFOV.

Time-dependent effects should be one of the causes
inducing inconsistent Pco, levels,” and 4 h might be not
enough time to reduce the Pco, levels.”” Otherwise,
another cause might be the amplitudes given. In
actuality, the amplitudes were different among these
trials. The amplitude in the study by Klotz et al was
“clearly visible oscillations of the chest,” and it was

20 cm H,O in the study by Czernik et al. But in the
present study, the set amplitude was 35 cm H,O, which
was consistent with the study by van der Hoeven et al."’

Similar to NCPAP and HFOV, NHFOV might also
induce some side effects. Fischer et al*® demonstrated
that abdominal distension, upper airway obstruction due
to secretions, and highly viscous secretions were the
most common side effects of NHFOV. Other side effects

included leakage around the prongs, strong agitation,
pneumothorax, and ventilator dysfunction. Other than
these, Czernik et al’ also reported air trapping and
necrotizing enterocolitis. No feeding intolerance or skin
lesions were observed in association with NHFOV
therapy. In the present study, nasal trauma and
intestinal dilation were observed in the NHFOV group,
which was consistent with the report by Fischer et al.™

The major limitations of the present study were as
follows: (1) few preterm infants below 28 weeks’
gestational age; and (2) single-center study in Chinese
newborns. These limitations might induce potential bias,
including restricted application scope. The problems
could be overcome in additional studies. To this end we
have recently organized two international, multicenter,
randomized controlled trials regarding the comparison
of NCPAP and/or NIPPV and NHFOV as primary/
postextubation respiratory support modes in preterm
infants (NCT03181958 and NCT03099694).

In summary, among preterm ventilated infants, NHFOV
can be superior to NCPAP with respect to avoiding
reintubation as a postextubation respiratory support
strategy in early life, especially in very preterm infants
and those infants diagnosed with ARDS.
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