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Abstract

Objectives: To review 15-year trends in respiratory care of extremely preterm
infants managed in a tertiary perinatal center; to identify the factors contributing
to their evolution; and to determine whether these changes had an impact on infant
mortality, severe morbidity, and growth.

Methods: Retrospective cohort study of infants born at 23 to 26 weeks’ gestation
between 2003 and 2017. Changes in respiratory care were assessed in three 5-year
periods. Logistic regression was used to examine the factors associated with pro-
longed duration (ie, greater than the median) of invasive mechanical ventilation
(IMV), noninvasive ventilation (NIV), and overall respiratory support (ORS), and
those associated with adequate weight and head circumference growth.

Results: Of the 396 actively treated neonates, 268 (68%) survived to discharge.
Between the first and third periods, IMV duration decreased from 22 (6-37) to
4 (1-14.0) days (P < .001), that of NIV increased from 24 (14-34) to 56 (44-66) days
(P <.001), and that of ORS from 50 (34-68) to 63 (52-77) days (P <.001). Study
period (2003-2007 vs 2013-2017) was the main factor associated with prolonged
IMV (P <.001). Use of high-flow nasal cannula was the main factor associated with
prolonged NIV (P=.02) and ORS (P=.02). NIV duration was associated with
adequate postnatal weight (P=.003) and head circumference (P=.03) growth.
Severe morbidities in survivors, including bronchopulmonary dysplasia, and survival
at hospital discharge were comparable across the study periods.

Conclusions: Respiratory management was characterized by a marked reduction in
IMV. NIV withdrawal protocols are necessary to limit ORS duration while respecting

postnatal growth requirements.
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1 | INTRODUCTION

Prolonged invasive mechanical ventilation (IMV) has been associated
with increased risks of death, severe respiratory morbidity, and ad-
verse neurodevelopmental outcomes in preterm infants.’ The strat-
egy of respiratory care for these patients over the last few decades
has focused on reducing exposure to IMV as much as possible to
reduce these risks. Noninvasive ventilation (NIV) has become more
extensively used, particularly continuous positive airway pressure
(CPAP), which was found to be an effective primary respiratory
support in premature infants.>> Heated, humidified, high-flow nasal
cannula (HFNC) therapy has also been proposed to reduce the nasal
damage and discomfort associated with prolonged CPAP, yet without
demonstrating comparable efficacy.” Similarly, alternate routes of
surfactant delivery have been designed to obviate the need for or
reduce the duration of endotracheal tube ventilation, including
the procedure of intubation and surfactant administration followed
by immediate extubation (INSURE) and techniques to administer
exogenous surfactant through a less invasive (LISA) route.”

Most of the trials on neonatal respiratory distress management
included a limited number of extremely preterm infants, although
these infants constitute a large portion of perinatal death and
morbidity. A major challenge for implementing less invasive
devices and policies for these infants born at the border of viability
is the profound immaturity of several of their systems, notably
respiratory. Therefore, it is particularly important to evaluate
whether guidelines can be concretely translated into clinical prac-
tice. Between-hospital variations in care and outcomes have been
described, mainly influenced by the initiation of active treatment.”
A longitudinal observational study within a single department would
document those factors related to medical determinism, that is,
the application of recommendations or protocols, and patient
characteristics.

The first objective of this study was therefore to identify the
factors contributing to the evolution in the respiratory care of
extremely preterm infants managed in our institution over the last
15 years. Our second objective was to determine whether this
evolution had an impact on mortality, severe morbidity, or growth
during hospitalization.

2 | METHODS
2.1 | Study location

The department of neonatal medicine of Montpellier University
Hospital, France, has a capacity of 47 beds. The medical team is made
up of about 10 pediatricians, including fellows. The number of pe-
diatric nurses per neonate is framed by the French perinatal decrees
of 1998; that is, one nurse for two neonates for type 3 beds (n = 14),
corresponding to the neonatal intensive care unit (NICU), one nurse
for three neonates for type 2b beds (n=18), and one nurse for
six neonates for type 2a beds (n=15).

2.2 | Study design
2.2.1 | Population

This observational study was conducted over a 15-year period, from
January 2003 to December 2017. All premature infants born at less
than 27 weeks’ gestational age (GA) who were actively treated were
included in this study. Infants who received palliative care and those

born in another hospital (out-born) were excluded.

2.2.2 | Data collection

Perinatal data for each premature infant were collected pro-
spectively by two clinicians in a database created in 2003 for neo-
nates born before 33 weeks’ GA and/or with a birthweight less than
1500g. The database uses a predetermined form, with detailed
definitions of each item. More than 150 variables were assessed for

each infant concerning antenatal history and the neonatal period.

2.2.3 | Definitions

Anthropometric data, including weight, height, and head cir-
cumference, were recorded at birth and hospital discharge and ex-
pressed as Z scores, according to Olsen et al® Growth during
hospitalization was expressed by the difference in anthropometric
parameter Z scores between discharge and admission.

The duration of IMV was defined as the cumulative duration of
conventional mechanical ventilation (CMV) and high-frequency os-
cillatory ventilation (HFOV), the duration of NIV as the cumulative
duration of CPAP and HFNC, and the duration of overall respiratory
support (ORS) as the cumulative duration of IMV and NIV.

Severe morbidity was defined by at least one of the following
conditions’: (a) severe bronchopulmonary dysplasia (BPD), defined as
administration of oxygen for at least 28 days plus need for 30% or
more oxygen and/or IMV or CPAP at 36 weeks’ postmenstrual age;
(b) grade 3 to 4 intraventricular hemorrhage (IVH) or cystic peri-
ventricular leukomalacia (PVL); (c) grade 2 to 3 necrotizing en-
terocolitis (NEC); and (d) severe retinopathy of prematurity (ROP),
defined as grade 3 or more and/or laser treatment. Figure 1

2.3 | Main evolutions in respiratory and nutritional
practices over the study period (Figure 1)

The surfactant administration policy for less than 30 weeks’ GA neonates
was early selective treatment with 200 mg/kg of poractant alfa (Curosurf,
Chiesi). This treatment targeted patients with a Silverman-Anderson re-
traction score greater than 3 and FiO, greater than 30% despite re-
spiratory support with +5 to 6 cmH,O CPAP, applied from the first
minutes of life. From 2010, premedication before intubation was gen-
erally performed using nasal midazolam or ketamine.'® At the same time,



2003-2007

Respiratory practices

-Surfactant Early selective treatment
-IMV Pressure-limited CMV
-NIV nCPAP

-Systemic glucocorticoids Betamethasone

-SpO, target 85%-92%

Nutritional practices

N Started after stability
-Enteral nutrition Daily increase < 10 ml/kg
Since day 1
AA: 1-2 g/kg/day
L: 0.5 g/kg/day

-Parenteral nutrition

2008-2012

2013-2017

Premedication, INSURE LISA

Pressure-limited CMV Volume-targeted CMV
nCPAP and HFNC nCPAP and HFNC
Hydrocortisone

85%-92%

Hydrocortisone

90%-95%

Started since day 1
Daily increase > 20 ml/kg

Started since day 1
Daily increase > 20 ml/kg

Since day 1
AA: 1-2 g/kg/day
L: 0.5 g/kg/day

Since day 1
AA: 2-3 g/kg/day
L: 1 g/kg/day

FIGURE 1 Chronology of standardized changes in respiratory and nutritional practices during the study periods. AA, amino acids;

CMV, conventional mechanical ventilation; HFNC, high-flow nasal cannula; IMV, invasive mechanical ventilation; INSURE, intubation and
surfactant administration followed by immediate extubation; L, lipids.lipids; LISA, less invasive surfactant administration; nCPAP, nasal
continuous positive airway pressure; NIV, noninvasive ventilation; SpO,, pulse oximetry [Color figure can be viewed at wileyonlinelibrary.com]

the INSURE procedure was implemented, with the aim of reducing IMV
duration. LISA was the subject of a written protocol from October 2017.
CMV was provided with a synchronized ventilation mode. From
2014, volume-targeted ventilation was used preferentially to
pressure-limited ventilation.'" Elective HFOV was indicated for
neonates with peak inspiratory pressure greater than 22 cm H,O and
FiO, greater than 50% with CMV. Whatever the ventilation mode,
the target value for transcutaneous PCO, was 40 to 60 mm Hg.
Depending on the birth conditions, hemodynamic and re-
spiratory status and wakefulness, extubation was performed as soon
as possible. After weaning off IMV, neonates were systematically
placed on nasal CPAP. The use of HFNC as an alternative means of
providing noninvasive respiratory support to very preterm infants
was noted as a written protocol in 2009.*? This protocol called for
HFNC use at a flow rate of 1 to 2 L/kg/min, 1 to 2 hours every 8 to
12 hours, in neonates whose respiratory status was stable with
CPAP, with a progressive increase until complete weaning off CPAP.
This relatively moderate flow rate was not revised thereafter.
Oxygen therapy was adapted to the objectives of SpO,. Until
2013, the SpO,, target was 85% to 92%. This was increased to 90% to
95% after the publication of the Neonatal Oxygenation Prospective
Meta-analysis (NeOProM) collaborative study in 2014." Inhaled ni-
tric oxide was used when the oxygenation index was greater than 15.
Postnatal glucocorticoids were indicated in cases of failed IMV
weaning or “aggressive IMV” in neonates older than 7 days. The
treatment was based on betamethasone until 2006 and then on
hydrocortisone hemisuccinate from 2007.**
Soon after admission to the NICU, a central venous catheter was

inserted. Parenteral and enteral nutrition was prescribed daily, by

means of an in-house computerized physician order entry system™®
that integrates the guidelines of the European Society for Pediatric
Gastroenterology Hepatology and Nutrition (ESPGHAN). Before
2010, the protocol of the department indicated to wait for a "state
of stability" before enteral administration of human milk. After
publication of the 2010 ESPGHAN guidelines,*® enteral feeding was
started a few hours after birth, and daily increases in enteral
nutrition were twice higher. In 2013, specificities were added to
the parenteral nutrition protocol for neonates less than 1500 g.
Parenteral nutrition was started as soon as possible after birth.
Intake then increased rapidly over the first postnatal week, up to
90 to 120 kcal/kg/day with about 3.5 g/kg/day of amino acids and
3 g/kg/day of lipids."” Neonates with repetitive blood glucose levels
greater than 10 mmol/L were treated with insulin therapy when
reasonable adaptation of the glucose infusion rate was insufficient.

2.4 | Statistical analysis

The data collected in the database were divided into three equivalent
periods of 5 years (2003-2007, 2008-2012, 2013-2017). Survival and
survival without severe morbidity were the only two analyses performed
for all actively treated patients. All other analyses were performed for
infants surviving to discharge. Between-period comparisons were made
using Kruskal-Wallis and »? tests. Post-hoc multiple comparison correc-
tions included the DSCF test for continuous variables and the Bonferroni
correction for categorical variables. The duration of ventilation (IMV,
NIV, and ORS) and postnatal growth of head circumference were studied
dichotomously from the median values. For weight growth, the



difference in Z scores was centered on - 1."® Univariate and multivariate
logistic regression analyses were performed to study the influence of
each covariate on the judgment criteria. The model was constructed by a
step-by-step procedure based on the likelihood ratio test (input and
output thresholds =0.20). The adjusted odds ratios and their 95% con-
fidence intervals were calculated. The quality of the model was esti-
mated by the Hosmer-Lemeshow adequacy test. Statistical analysis was
performed with SAS Version 9 software (SAS Institute, Cary, NC). Values
are expressed as numbers (%) or medians (Q25; Q75). P less than .05

were considered statistically significant.

2.5 | Ethical considerations

Approval of this study was obtained from the institutional review board
of Montpellier University Hospital (IRB-MTP-2020-01-202000332).

3 | RESULTS

The department of neonatal medicine managed 434 neonates with
less than 27 weeks’ GA at birth during the study period. Among them,

TABLE 1 Cardiorespiratory care and ventilatory strategy

2003-2017
(n=268)
Cardiorespiratory care
Surfactant, n% (268) 244 (91.0)
Multiple surfactant doses, n% (264) 56 (21.2)
HSPDA treated with COI, n% (263) 178 (67.7)
Postnatal glucocorticoids, n% (268) 80 (29.9)
Nitric oxide, n% (263) 64 (24.3)
Supplemental oxygen, days (256) 47.0 (26.0; 70.5)
Ventilatory strategy
Invasive mechanical ventilation, n% (268) 244 (91.0)
HFOV, n% (268) 133 (49.6)
Invasive mechanical ventilation, days (268) 10.0 (2; 28)
CMV, days (268) 6.0 (1.0; 15.0)
HFOV, days (133) 11.0 (3.5; 23.0)
Noninvasive ventilation, n% (268) 261 (97.4)
CPAP, n% (268) 258 (96.3)
HFNC, n% (268) 103 (38.4)
Noninvasive ventilation, days (268) 40.0 (24.0; 56.0)
CPAP, days (268) 32.5 (21.0; 43.0)
HFNC, days (103) 17.0 (10.0; 27.0)
Overall respiratory support, days (268) 59.1 (43.2; 70.0)
Invasive/overall (268) 0.22 (0.04; 0.51)

396 (91%) were actively treated: 128/139 (92%) in the 2003-2007
period, 126/139 (91%) in the 2008-2012 period, and 142/156 (91%)
in the 2013-2017 period (P =.26).

3.1 | Evolution in perinatal characteristics and
respiratory management

Of the 268 survivors, 3 (1%) were born at 23 weeks, 29 (11%)
at 24 weeks, 98 (37%) at 25 weeks, and 138 (51%) at 26 weeks.
The median GA, birthweight, and head circumference of the
cohort were, respectively, 26.0 (25.3; 26.4) weeks, 800 (700;
900) g, and 23 (22.5; 24) cm. Perinatal characteristics (notably
rates of multiple pregnancy, exposure to antenatal glucocorti-
coids, cesarean section, and sex ratio) and anthropometric
data were comparable across the three study periods (Supporting
Information Table S1).

Cardiorespiratory care over the 15 years was characterized by
increasingly systematic use of surfactant with less frequent admin-
istration of multiple doses, less resort to postnatal glucocorticoids,
stable use of nitric oxide and cyclooxygenase inhibitors for ductal

closure, and a comparable duration of supplemental oxygen (Table 1).

2003-2007 2008-2012 2013-2017
(n=86) (n=77) (n=105) P
9 (80.2) 74 (96.1) 101 (96.2) <.0017°
4 (41.5) 8 (10.4) 14 (13.3) <.001%°
4 (65.9) 50 (65.8) 74 (70.5) .63
9 (33.7) 31 (40.3) 20 (19.0) <.001"<
5 (30.5) 19 (25.0) 20 (19.0) 22
44.5 (24.0; 81.0) 40.5 (18.0; 70.0) 49.0 (29.5; 68.5) 19
77 (89.5) 75 (97.4) 92 (87.6) .05
41 (47.7) 48 (62.3) 44 (41.9) .02°
21.5 (5.50; 36.5) 20.0 (3.0; 30.0) 4.0 (0.8; 14.0) <.001"¢
15.0 (3.0; 23.0) 7.0 (2.0; 13.7) 2.0 (0.6; 6.9) <.001"¢
14.0 (5.0; 23.0) 13.0 (4.0; 25.0) 6.5 (2.0; 12.5) 03"
81 (94.2) 75 (97.4) 105 (100) .04°
81 (94.2) 75 (97.4) 102 (97.1) .55
- 10 (13.0) 93 (88.6) <.001°
24.0 (13.0; 34.0) 38.0 (27.0; 48.0) 56.0 (44.0; 66.0) <.0017P¢
24.0 (13.0; 34.0) 38.0 (25.0; 46.0) 35.0 (26.0; 45.5) <.001%"
- 19.5 (8.0; 31.0) 17.0 (10.0; 27.0) .69
49.5 (33.7; 67.5) 56.6 (45.0; 68.0) 63.0 (52.0; 77.0) <.001°
0.47 (0.19; 0.70) 0.30 (0.10; 0.53) 0.06 (0.02; 0.22) <0017

Values are numbers (%) or medians (Q25; Q75). Values in parentheses following each variable in the left column correspond to the number of

documented variables.

Abbreviations: CMV, conventional mechanical ventilation; COI, cyclooxygenase inhibitor; CPAP, continuous positive airway pressure; HFNC, high-flow
nasal cannula; HFOV, high-frequency oscillatory ventilation; HSPDA, hemodynamically significant persistent ductus arteriosus.

Less than .05 between 2003-2007 and 2008-2012.
PLess than .05 between 2003-2007 and 2013-2017.
‘Less than .05 between 2008-2012 and 2013-2017.



TABLE 2 Outcome in survivors and in actively treated infants
2003-2017 (n=268)

Qutcome in survivors (268)

BPD severe form, n% (268) 68 (25.4)
Grade 3-4 IVH, n% (267) 35 (13.6)
Cystic PVL, n% (264) 5(1.9)
Grade 2-3 NEC, n% (261) 16 (6.1)
Spontaneous intestinal perforation, n% (263) 15 (5.7)
Grade 3-5 ROP, n% (268) 25 (9.3)
Absence of severe morbidity, n% (268) 150 (56.0)
Outcome in actively treated infants (396)
Survival (396) 268 (67.7)
23 wk (10) 3(30)
24 wk (66) 29 (43.9)
25 wk (146) 98 (67.1)
26 wk (174) 138 (79.3)
Survival without severe morbidity, n% (396) 150 (37.9)

2003-2007 (n=86) 2008-2012 (h=77) 2013-2017 (n=105) P

21 (24.4) 19 (24.7) 28 (26.7) .94
13 (15.3) 14 (18.2) 9 (8.6) .14
3(3.6) 1(1.3) 1(1.0) .52
3(3.8) 7(9.1) 6(5.7) .37
3(3.7) 4(5.2) 8 (7.6) .53
7 (8.1) 7 (9.1) 11 (10.5) .87
51 (59.3) 42 (54.5) 57 (54.3) 77
86 (67.2) 77 (61.1) 105 (73.9) .08
2 (50) 0 (0) 1(25) 43
6 (42.9) 7 (31.8) 16 (53.3) .33
27 (64.3) 31 (64.6) 40 (71.4) .70
51 (78.5) 39 (70.9) 48 (88.9) .06
51 (39.8) 42 (33.3) 57 (40.1) 44

Values are numbers (%) or medians (Q25; Q75). Values in parentheses following each variable in the left column correspond to the number of

documented variables.

Abbreviations: BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; PVL, periventricular leukomalacia;

ROP, retinopathy of prematurity.

In terms of ventilatory strategy, we observed a marked reduction in
the duration of IMV, for CMV as for HFOV. On the other hand, the
duration of NIV increased, particularly that of CPAP in the second
period. Use of HFNC also increased steadily over the last 5 years.
These two opposing trends resulted in an increase in the duration of
ORS. The ratio of IMV/ORS decreased from 0.47 (0.19; 0.70) in the
first period to 0.06 (0.02; 0.22) in the third (Supporting Information
Figure S1).

Severe morbidities in survivors and survival at hospital
discharge without severe morbidity in actively treated infants

were comparable across the study periods (Table 2).

3.2 | Factors associated with prolonged duration
of IMV, NIV, and ORS

321 | IMV

The median duration of IMV was 10 (2; 28) days. In univariate analysis,
the variables significantly associated with a value greater than or equal
to the median were the study period, male sex, GA, and occurrence of
grade 3 to 4 IVH or grade 2 to 3 NEC. These variables were included
in a multivariate model, which confirmed a predominant role of the

study period in the occurrence of prolonged IMV.

322 | NIV

The median duration was 40 (24; 56) days. In univariate analysis, the
variables significantly associated with a value greater than or equal
to the median were the study period, shorter durations of IMV and

HFOV, use and longer duration of HFNC, time from birthdate to
initiation of enteral feeding, postnatal growth (ie, every 0.5 point
increase in the Z-score difference between weight at discharge and
birthweight), duration of parenteral nutrition, and occurrence of
grade 3 to 4 IVH. These variables were included in a multivariate
model. The need to administer greater than 1 dose of surfactant was
also included, as we considered this a marker of respiratory severity.
The analysis found that IMV duration and use of HFNC had opposite

influences on the occurrence of prolonged NIV.

3.23 | ORS

The median duration was 59 (43; 70) days. In univariate analysis, the
variables significantly associated with a value greater than or equal
to this median were GA, vaginal delivery, longer durations of IMV,
HFOV, and NIV, use and longer duration of HFNC, postnatal growth
(as expressed above), duration of parenteral nutrition, insulin treat-
ment, hemodynamically significant persistent ductus arteriosus
(HSPDA) and grade 2 to 3 NEC. These variables, and the study
period, were included in a multivariate model. The analysis indicated
that HFNC use was the sole independent factor associated with the
occurrence of prolonged ORS (Table 3).

3.3 | Growth during hospitalization
3.3.1 | Nutritional strategy and anthropometric data

Over the course of the study period, we observed an
increasingly earlier introduction of enteral feeding and shorter



TABLE 3 Logistic regression models for prolonged durations
(ie, 2median values) of invasive mechanical ventilation (IMV),
noninvasive ventilation (NIV), and overall respiratory support (ORS)

Covariate Odds ratio (95% Cl) P
IMV>10d

NEC/SIP 15.03 (2.35-95.95) .004
Grade 3-4 IVH 7.6 (1.60-36.43) 011
Low gestational age (week) 2.52 (1.25-5.05) 009
Male sex 2.20 (0.89-5.44) .087
2003-2007 vs 2013-2017 35.20 (8.53-145.31) <.001
2008-2012 vs 2013-2017 4.98 (1.60-15.56) .006

Concordance 94.1% Hosmer and Lemeshow test 0.77

NIV240d

HFNC 20 (1.8-223.6) .02
Multiple surfactant doses 15.2 (2.6-88.1) .002
2013-2017 vs 2003-2007 10 (0.5-100) 14
Delayed enteral feeding (per day) 1.1 (0.97-1.3) 13
Invasive ventilation (per day) 0.9 (0.86-0.99) .02
HFOV (per day) 0.9 (0.82-1) 09
Grade 3-4 IVH 0.45 (0.14-1.42) .08

Concordance 93.7% Hosmer and Lemeshow test 0.81
ORS=60d

Grade 2-3 NEC 4.7 (0.7-32.7) 12
HFENC 3.6 (1.2-10.7) .02
Vaginal delivery 2.3 (0.8-6.3) 13
Low gestational age (week) 1.7 (0.8-3.3) 14

Concordance 85.4% Hosmer and Lemeshow test 0.74

Abbreviations: HFNC, high-flow nasal cannula; HFOV, high-frequency
oscillatory ventilation; IVH, intraventricular hemorrhage;

NEC, necrotizing enterocolitis; SIP, spontaneous intestinal
perforation.

duration of parenteral nutrition. Immediate postnatal weight
loss was less pronounced. Weight and length growth, expressed
as the Z-score differences between hospital discharge and birth,
improved over time. Head circumference growth was comparable

across the three study periods (Table 4).

3.3.2 | Factors involved in postnatal weight growth

The median value of the Z-score difference for weight between
hospital discharge and birth was -1.22 (-1.87; -0.7). We considered
that growth was adequate—that is, following the curve—if the dif-
ference was lower than or equal to -1.%%

In univariate analysis, the factors associated with this growth
were birthweight Z-score, duration of NIV, duration of oxygen
therapy, and initial weight loss. The multivariate model included
these variables, as well as others with potential influence on
weight growth. The multivariate analysis confirmed that NIV
duration was associated with adequate postnatal weight gain
(Table 5).

3.3.3 | Factors involved in postnatal head
circumference growth

The median value of the Z-score difference for head circumference
between hospital discharge and birth was -0.60 (-1.23; 0.10). In
univariate analysis, the variables significantly associated with a dif-
ference lower than this median value were birthweight Z-score,
duration of NIV, duration of ORS, and postnatal weight growth. The
multivariate model included these variables and others with potential
influence on head circumference growth. The model confirmed
that NIV duration was associated with adequate postnatal head

circumference growth (Table 5).

4 | DISCUSSION

This study, which was conducted in a population of extremely pre-
mature neonates managed in the same department of neonatology,
demonstrated a considerable change in the respiratory care of these
patients over the last 15 years. Despite a significant reduction in the
duration of IMV, we observed a marked increase in the duration of
ORS, related to a great increase in the duration of NIV. Among
survivors, this change in ventilatory strategy was not associated with
lower severe morbidity at discharge but with improved weight and
length gain during hospitalization.

Unsurprisingly, very low GA at birth and complications of pre-
maturity like NEC and IVH were associated with prolonged IMV.
However, the independent influence of the 5-year periods suggested
a change in the respiratory support strategy over time in our de-
partment, regardless of the infants’ health status. The decreased IMV
duration in the last 5-year period can be attributed to a wider ap-
plication of the INSURE procedure in this population. In addition, the
2009 implementation of a neonatal pain management module in the
computerized physician order entry system meant more systematic
assessment of signs of awakening and reactivity in the newborns,
potentially leading to earlier extubation decisions.*®

Prospective and retrospective cohort studies have suggested
that the cumulative duration of IMV is a risk factor for BPD in very
low birthweight infants.'”?° Yet, despite the marked reduction in
IMV duration, our rate of severe morbidity remained unchanged,
particularly BPD. Even when the duration is short, IMV increases
the risk of BPD in this population,’” and we therefore assume that
its duration in the third period was most likely not sufficiently re-
duced to affect this outcome.?’ A meta-analysis indicated that
avoiding IMV had a slight but significant beneficial impact on pre-
venting BPD.??> More than 90% of our patients were exposed to
IMV, in the delivery room or later in the NICU. Such wide exposure
might be linked to the delayed adoption of LISA, which occurred
only at the end of the third period. LISA can be applied to extremely
premature infants, avoiding recourse to IMV in about a quarter of
the patients.?>?* However, the meta-analysis on this procedure is
difficult to interpret with respect to the optimal respiratory care for



TABLE 4 Nutritional management and postnatal growth

Nutritional management
Parenteral nutrition, days (264)
Enteral feeding introduction, days (259)
Insulin treatment, n% (259)

Postnatal growth
First-days weight loss, % (257)
Discharge weight, g (262)
Discharge weight Z-score (262)
Discharge Z-score—birth Z-score (262)
Discharge length, cm (258)
Discharge length Z-score (258)
Discharge Z-score—birth Z-score (255)
Discharge HC, cm (258)
Discharge HC Z-score (258)
Discharge Z-score—birth Z-score (255)
Corrected GA at discharge, weeks (268)

2003-2017 (n = 268)

30.0 (19.0; 43.0)
2.0 (1.0; 3.0)
158 (61.0)

9.2 (5.2; 13.5)

2500 (2080; 2900)
-1.22 (-1.66; -0.80)
-1.22 (-1.87; -0.70)
45.0 (42.0; 47.0)
-1.78 (-2.33; -1.30)
-1.91 (-2.54; -1.20)
33.0 (31.2; 34.0)
-0.69 (-1.38; 0.00)
-0.60 (-1.23; 0.10)
38.0 (36.0; 40.0)

2003-2007 (n=86) 2008-2012 (hn=77) 2013-2017 (hn=105) P

37.0 (29.0; 52.0) 32.0 (24.0; 43.0) 19.0 (14.0; 31.0) <.0017"
3.0 (2.0; 6.0) 2.0 (2.0; 3.0) 1.0 (1.0; 1.0) <.0017P¢
46 (56.1) 49 (65.3) 63 (61.8) 48
12.85 (9.0; 17.0) 9.0 (5.0; 14.0) 6.95 (3.4; 10.6) <.0017P¢
2345 (1965; 2625) 2586 (2145; 3055) 2600 (2145; 2950) .005"¢
-1.42 (-1.80; -0.90) -1.41 (-1.80; -0.90) -1.05 (-1.40; -0.60) <.001*"
-1.38 (-2.00; -0.80) -1.25 (-2.00; -0.80) -1.14 (-1.60; -0.60) .01"
44.0 (42.0; 45.5) 45.0 (43.0; 47.0) 45.0 (43.0; 47.0) .004°¢
-1.93 (-2.50; -1.43) -1.94 (-2.48; -1.26) -1.63 (-2.12; -1.15) .004°"
-2.29 (-2.70; -1.40) -1.96 (-2.60; -1.50) -1.65 (-2.32; -1.05) .009"
32.5 (31.0; 34.0) 33.5 (32.0; 34.5) 33.0 (31.5; 34.0) .08
-0.76 (-1.53; 0.06)  -0.52(-1.29; 0.12) -0.69 (-1.35; -0.12) .31
-0.54 (-1.50; 0.10)  -0.61 (-1.10; -0.10) -0.61 (-1.20; -0.20) .74

37.0 (35.0; 39.5) 38.0 (37.0; 40.0) 38.0 (36.0; 40.0) .13

Values are numbers (%) or medians (Q25; Q75). Values in parentheses following each variable in the left column correspond to the number of

documented variables.

Abbreviations: GA, gestational age; HC, head circumference.
Less than .05 between 2008-2012 and 2013-2017.

PLess than .05 between 2003-2007 and 2013-2017.

Less than .05 between 2003-2007 and 2008-2012.

this subgroup of infants,?® as it included only one trial of less than
27 weeks’ GA neonates and this trial did not find improved survival
without BPD.?* Avoiding IMV and limiting the duration of IMV
exposure may be one component of a strategy to reduce BPD in this

population.?® Notably, early low-dose hydrocortisone has favorable

TABLE 5 Logistic regression models for adequate postnatal
weight gain and postnatal head circumference growth

Odds ratio
Covariate (95% Cl) P
Adequate postnatal weight gain®
Birthweight Z-score, per 0.5 4.0 (2.5-6.7) <.001
Noninvasive ventilation, per day 1.03 (1.01-1.05) .003

First-days weight loss, per % 0.92 (0.86-0.98) .01
Concordance 81.0% Hosmer and Lemeshow test 0.75

Adequate postnatal head circumference growth®

3.0 (1.9-4.9) <.001

1.03 (1.01-1.05) .03

Insulin treatment resistance 0.47 (0.23-0.95) .04

HSPDA, despite treatment with COI 0.43 (0.20-0.91) .03

Concordance 76.0% Hosmer and Lemeshow test 0.83

Postnatal weight growth," per 0.5 Z-score
Noninvasive ventilation, per day

Abbreviations: COl, cyclooxygenase inhibitor; HSPDA, hemodynamically
significant persistent ductus arteriosus.

@Defined as a maximal Z-score difference between discharge and birth for
weight lower than or equal to -1.

PDefined as a maximal Z-score difference between discharge and birth for
head circumference lower than or equal to -0.6.

“Assessed by Z-score difference between discharge and birth for weight.

effects on BDP in infants born at 24 and 25 weeks of gestation.?’
Our protocols called for late use of systemic glucocorticoids. From
the second period, we replaced betamethasone with hydro-
cortisone, whose anti-inflammatory effect is 25 to 30 times lower.
In addition, the use of hydrocortisone was halved between the
second and third periods. It has been suggested that such a change
in the policy for postnatal glucocorticoid use may blunt the possibly
favorable effect of NIV strategies on BPD.?®

Our infants exposed to prolonged NIV likely had more severe
initial respiratory illness, as suggested by their requirement of multiple
surfactant doses. Another explanatory factor was the introduction of
HFNC, whose use became markedly more frequent in the third period.
This device has steadily won the trust of the department's neonatol-
ogists since the 2013 publication demonstrating its efficacy, compar-
able to that of CPAP, as a respiratory support after extubation.?’ For
extremely preterm infants, our practices were extubation to CPAP,
and only then followed by a switch to HFNC; this was because data
about the safety and efficacy of HFNC in this subgroup of patients are
sparse.*° According to our results, use of HFNC to wean these infants
off CPAP led to a marginal reduction in CPAP duration and to longer
NIV duration. Other studies have reported prolonged respiratory
support with the use of this device.*** % As there is no evidence
available to suggest the best method to wean or withdraw neonates
off HFNC,** we adopted an ad hoc method for gradual HFNC weaning.
A recent study performed in a pediatric intensive care unit suggested
that rapid reduction in HFNC flow based on regular and systematic
assessment of respiratory distress may be more effective to success-
fully wean patients.>®



Another longitudinal study in extremely premature infants noted
prolonged ORS duration despite shorter IMV.*® Our findings em-
phasize the role of introducing the HFNC device in this increase, but
it is important to understand the meaning of this relationship. Our
hypothesis is that clinicians maintain NIV, notably HFNC, for re-
spiratory as well as nutritional purposes; in other words, to facilitate
the growth of these patients. Most likely, adoption of the 2010
ESPGHAN guidelines for enteral nutrient supply and the changes in
our parenteral nutrition protocol in 2013 limited the initial weight
loss and favored adequate postnatal growth in our patients. Our
study also found a positive influence of NIV on weight and head
circumference growth, with each additional day of NIV increasing
slightly but significantly the odds of satisfactory growth. Physiologi-
cal studies have generally supported the concept that the work of
breathing can be reduced by noninvasive respiratory support, in-
cluding CPAP and HFNC, thus reducing energy expenditure.®’” Few
data are available on the influence of NIV weaning modalities on
weight gain. In less than 30 weeks’ GA preterm babies, one study
suggested that ceasing CPAP at standard criteria did not adversely
affect the time to reach full feeds compared to cycling off CPAP
gradually.*® The transition to active bottle-feeding or breast-feeding
is particularly challenging for these patients, who often experience
physiological instability. NIV may be perceived at this stage as pro-
viding assistance during these supplementary efforts, as well as
reducing the occurrence of apnea/bradycardia events during
active feeding.

Our study has several limitations. This monocentric observation
only considered inborn patients of a tertiary perinatal center hospi-
talized in a single NICU, which limits the generalizability of our ex-
perience. Yet these restrictions seemed unavoidable given our
objective of analyzing the strategies we had implemented over a
decade and a half. Furthermore, we wanted only factual data on
patient outcomes, with no imputed or projected data. We made the
choice to present most of the data collected in the patients surviving
hospitalization because we wanted to assess the real burden of all
types of respiratory support, which is reduced if patients who survive
only a few days or weeks are not excluded. This study in patients
born at the limits of viability included very few survivors born less
than 24 weeks. The general policy in our country is to propose pal-
liative care but not intensive care in this situation.” We acknowledge
that the suggested relationships between protocols, daily clinical
practice, and patient outcomes are hypothetical. Observational
studies have many biases and this requires that the results be
interpreted with great caution. Last, our results only apply to the
immediate neonatal period. Further studies are needed to evaluate
the long-term benefits and risks associated with evolving practices

for respiratory support in extremely premature neonates.

5 | CONCLUSION

This study clearly shows the priority given to NIV for the respiratory
management of extremely premature infants in a NICU over the last

15 years. It emphasizes the propensity to prolong a ventilation that is
considered "noninvasive" and the difficulty of effectively weaning
infants off it. There is currently no evidence that this change in
practice has short- or long-term benefits for neurodevelopment or
lung function.®>>?“C Nevertheless, our study suggests that NIV may
contribute to improving postnatal growth during hospitalization.
This point should not be neglected in studies examining NIV and

weaning strategies in these patients.
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