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Introduction. Avoiding intubation and promoting noninvasive modes of ventilator support including continuous positive airway
pressure (CPAP) in preterm infants minimizes lung injury and optimizes neonatal outcomes. Discharge home on oxygen is an
expensive morbidity in very preterm infants (VPI) with lung disease. In 2007 a standardized bundle was introduced for VPI
admitted to the neonatal care unit (NICU) which included delayed cord clamping (DCC) at birth and noninvasive ventilation
as first-line cardiorespiratory support in the delivery room (DR), followed by bubble CPAP upon NICU admission. Objective.
Our goal was to evaluate the risk of (1) intubation and (2) discharge home on oxygen after adopting this standardized DR bundle
in VPI born at a regional perinatal center and treated in the NICU over a ten-year period (2008-2017). Materials and Methods.
We compared maternal and neonatal demographics, respiratory care processes and outcomes, as well as neonatal mortality and
morbidity in VPI (< 33 weeks gestation) and extremely low birth weight (ELBW, < 1000 g) subgroup for three consecutive epochs:
2008-2010, 2011-2013, and 2014-2017. Results. Of 640 consecutive inborn VPI, 55% were < 1500 g at birth and 23% were ELBW.
Constant through all three epochs, DCC occurred in 83% of VPI at birth. There was progressive increase in maternal magnesium
during the three epochs and decrease in maternal antibiotics during the last epoch. Over the three epochs, VPI had less risk of
DR intubation (23% versus 15% versus 5%), NICU intubation (39% versus 31% versus 18%), and invasive ventilation (37% versus
30% versus 17%), as did ELBW infants. Decrease in postnatal steroid use, antibiotic exposure, and increase in early colostrum
exposure occurred over the three epochs both in VPI and in ELBW infants. There was a sustained decrease in surfactant use in the
second and third epochs. There was no significant change in mortality or any morbidity in VPI; however, there was a significant
decrease in pneumothorax (17% versus 0%) and increase in survival without major morbidity (15% versus 41%) in ELBW infants
between 2008-2010 and 2014-2017. Benchmarked risk-adjusted rate for oxygen at discharge in a subgroup of inborn VPI (401-
1500 g or 22-31 weeks of gestation) is 2.5% (2013-2017) in our NICU compared with > 8% in all California NICUs and > 10% in all
California regional NICUs (2014-2016). Conclusion. Noninvasive strategies in DR and NICU minimize risk of intubation in VPI
without adversely affecting other neonatal or respiratory outcomes. Risk-adjusted rates for discharge home on oxygen remained
significantly lower for inborn VPI compared with rates at regional NICUs in California. Reducing intubation risk in ELBW
infants may confer an advantage for survival without major morbidity. Prenatal magnesium may reduce intubation risk in ELBW
infants.
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1. Introduction

Intubation risk in the delivery room (DR) for very preterm
(< 33 weeks gestational age [GA]) infants (VPI) has declined
over the last decade as early continuous positive airway
pressure (CPAP) has gained increasing acceptance [1].

Improved perinatal practice, inclusive of antenatal steroid
(ANS) use enhancing fetal lung maturity, has improved
infants’ ability to establish effective spontaneous ventilation
at birth. At the same time, use of prenatal magnesium sulfate
(a musculoskeletal depressant) for infant neuroprotection has
been encouraged. DR CPAP assists infant cardiopulmonary
transition at birth. Prenatally, the lung is filled with fluid that
maintains functional residual capacity (FRC). At birth, this
fluid is present in alveoli and is rapidly absorbed into the
interstitial spaces, leading to transient respiratory dysfunc-
tion. In the preterm infant, transition is more difficult. FRC
may be lost as VPI have higher frequency of caesarean section
(CS), associated with increased lung fluid at delivery and
lower serum protein, leading to slower resolution of inter-
stitial edema. Inadequate surfactant production, weak mus-
cles, and compliant chest wall also predispose VPI to atelec-
tasis [2]. CPAP reduces lung injury by preventing/reducing
atelectasis [3] and enhances fetal lung cell growth by mim-
icking the back pressure of lung fluid [4]. CPAP is used in the
neonatal intensive care unit (NICU) to enhance cardiopul-
monary development by optimizing FRC and reducing work
of breathing for the baby.

In mid-2007, we introduced delayed cord clamping
(DCC) for VPI and noninvasive ventilation as first-line car-
diorespiratory support in the DR, followed by bubble CPAP
on admission to NICU. We have subsequently shown reduced
DR and NICU intubation risk associated with this prac-
tice [5, 6]. Other practice changes for VPI have occurred
to lower NICU comorbidity (lowering risk of subsequent
intubation), including buccal colostrum administration as
part of ventilator-associated pneumonia (VAP) prophylaxis
in 2009 (Figure 1). It is known that mortality is reduced in
regional centers with availability of a wide range of requisite
subspecialists [7] and that discharge home on oxygen requires
complex follow-up [8]. A United States National Institute of
Child Health and Human Development (NICHD) study of
9,575 infants 22-28 weeks GA and birth weight 401-1500g
born 2003-2007 [9] noted that rates of DR intubation and
surfactant therapy varied by GA and that these rates had
decreased temporally for infants born at 28 weeks GA but
not for those < 28 weeks GA. Our goal is to evaluate the
risk of intubation, frequency and duration of invasive and
noninvasive ventilation, and discharge home on oxygen in
VPIin the era of DR CPAP, while describing temporal trends
over a decade (2008-2017).

2. Materials and Methods

This retrospective cohort study was IRB approved as a quality
improvement project. We examined 640 consecutive inborn
VPI, born at < 33 weeks of gestation from 2008-2017 and
admitted to our NICU located in San Jose, CA. Our perinatal
regional center includes one of 23 California regional NICUs
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(18 of which have inborn deliveries) with 3000-5000 live
births per annum during the study period. Our VPI rate
during this period was 1.6 per 100 live births. We compared
three consecutive epochs: 2008-2010 (Epoch 1), 2011-2013
(Epoch 2), and 2014-2017 (Epoch 3).

During the study period, various aspects of VPI care
were standardized from DR management, initial respiratory
support on admission, and throughout NICU stay. Figure 1
shows practice changes over the last decade relevant to DR
and respiratory care pertinent to VPI, inclusive of standard-
ized care to decrease NICU comorbidity.

Maternal demographics, as well as neonatal demograph-
ics, interventions, and outcomes were obtained from the
NICU database. These included birth weight, GA, sex,
mode of delivery, ANS, perinatal magnesium, maternal and
neonatal antibiotic exposure, neonatal medications (caffeine,
vitamin A, postnatal steroids, surfactant), respiratory support
measures both as exposure and duration in days (DR intuba-
tion, invasive mechanical ventilation, noninvasive mechan-
ical ventilation [NIMV], CPAP, nasal cannula), respiratory
outcomes (NICU intubation, pneumothorax, physiological
chronic lung disease (CLD) at 36 weeks postmenstrual age
[PMA], discharge on oxygen), NICU length of stay, PMA at
discharge, mortality, and morbidities (severe intraventricular
hemorrhage [grade 3 or 4], severe retinopathy of prematurity
[stage 3 or 4, or plus disease or received intraocular Beva-
cizumab treatment], necrotizing enterocolitis [NEC] Bell’s
stage 2 or greater, spontaneous intestinal perforation, noso-
comial infection [blood or cerebrospinal fluid culture positive
at > 72 hours of life]). Exposure to invasive ventilation was
defined as an infant who received conventional mechanical
ventilation or high frequency ventilation in the NICU. NICU
intubation was defined as endotracheal tube placement for
mechanical ventilation or for surfactant administration with-
out mechanical ventilation. Data were collected prospectively
during hospitalization and maintained in the NICU database.
Early colostrum (administration < 24 hours of life) informa-
tion was obtained retrospectively by chart review.

Descriptive statistics were used to describe neonatal
and maternal demographics, neonatal interventions (med-
ications, respiratory support), and outcomes for all three
epochs. To compare differences between epochs, Kruskal-
Wallis test was used for continuous variables while Chi-
squared test and Fischer’s exact test were used for categorical
variables. Post hoc multiple comparison corrections included
Dunn’s test for continuous variables and Bonferroni correc-
tion for categorical variables. Multivariable logistic regression
adjusting for GA was performed for all outcome measures.
We also performed subgroup analysis in ELBW (< 1000 g)
infants with outcomes adjusted for both GA and male sex.
Regression model outliers were assessed with Pregibon’s delta
beta influence statistic. Specification link test was used to
assess model specificity. Hosmer-Lemeshow test was used
to assess goodness-of-fit. Variance inflation factor was used
to assess each model for multicollinearity. We also present
half yearly statistical process control (SPC) “p” charts for
NICU intubation and percentage of VPI intubated in NICU
in birth weight subgroups of < 1000g, 1000-1499 g, and >
1500 g. P values <0.05 were considered statistically significant.
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DCC 30-455 | Feedingbundie | | Dccoos | | pccoos | | peciaos | | pec isos
| Colostrum oral care | NIMV LISA |
| DR CPAP | | Bubble CPAP | Caffeine; | HHFNC guidelines | NAVA
Vitamin A
fi02 30% for Intubation / Target O2 GA based O2 NCPAP until
resuscitation extubation criteria saturation 88-92% saturation target 32 weeks

F1GURE 1: Timeline of introduction of standardized practice changes. DCC = delayed cord clamping; DR CPAP = delivery room continuous
positive airway pressure; NIMV = noninvasive mechanical ventilation; HHFNC = humidified high-flow nasal cannula; NAVA = neurally
adjusted ventilatory assist; LISA = less invasive surfactant administration.

Statistical analysis was performed using STATA (StataCorp.
2015. Stata Statistical Software: Release 14. College Station,
TX: StataCorp LP).

For benchmarking purposes, we presented temporal
trends in a subgroup of VPI infants (400-1500 g birth weight
or 22-31 weeks GA) in our center compared to other Cal-
ifornia NICUs participating in California Perinatal Quality
Care Collaborative (CPQCC). In this high risk subgroup of
VPI, we used control charts to track use of CPAP, NIMV,
conventional mechanical ventilator, and high frequency ven-
tilator. We also present the five-year cumulative (2013-2017)
risk-adjusted outcomes of discharge home on oxygen and
PMA at discharge in 211 consecutive inborns at our center.
We compared these infants to all inborns (2014-2016) at 140
California NICUs, N=16,705, 28% of whom were cared for in
18 regional NICUs with level of care comparable to ours.

3. Results

3.1 Study Population. Of the 640 consecutive inborn VPI
admitted to our NICU 2008-2017, 55% were < 1500 g at birth
(VLBW) and 22% were < 1000 g at birth (ELBW).

3.2. Infant Demographics and Maternal Characteristics.
Table 1 shows infant demographic and maternal characteris-
tics for VPI and ELBW infants.

Across all epochs, VPI and ELBW were comparable for
GA, BW, race, and vaginal birth. ELBW infants were 68%
male in 2008-2010, significantly higher than 44% and 51%
in the two subsequent epochs. Any maternal ANS use was
> 94% and ANS use greater than 24 hours prior to delivery
was > 73% in all three epochs. Increased prenatal magnesium
use was noted in > 70% of VPI and > 80% ELBW in the
third epoch compared to < 30% and < 40%, respectively, in
the first epoch. Maternal antibiotic use was similar for ELBW
infants (~50%) in all epochs. However, there was a decrease in
VPI maternal antibiotic use from 57% in the first and second
epoch to 46% in the third epoch.

Non-Hispanic white infants have higher risk of lung
injury including pneumothorax and CLD [10]; we did
not demonstrate differences in proportion of non-Hispanic
whites across all epochs in the VPI and ELBW subgroup.

3.3. Respiratory Care and Pertinent NICU Practices. Table 2
shows respiratory and other pertinent NICU care processes.
DR intubation risk declined significantly in VPI from 23% to
5% and in ELBW infants from 64% to 19% in the first and
third epoch respectively. There was a significant reduction
in the risk of invasive ventilation from a baseline of 37% to
17% in VPI and 92% to 51% in ELBW infants, but there was
no reduction in the duration of ventilation for intubated VPI
and ELBW infants. There was a significant increase in the
number of days of CPAP use in VPI but not in ELBW. There
was a sustained decrease in use of surfactant in the second
and third epoch (2011-2017) in both VPI and ELBW. Caffeine
use progressively increased for all VPI, while it remained
high (85-97%) and unchanged throughout all three epochs
in ELBW infants. There was a continued decrease in use of
postnatal steroids and antibiotics both in VPI and ELBW
infants. Colostrum use within the first 24 hours steadily
increased in both VPI and ELBW infants.

3.4. Respiratory Outcomes. Table 3 shows infant morbidity
and mortality outcomes. Risk of intubation during NICU stay
in VPI decreased from 39% to 18% and in ELBW infants,
from 92% to 51% from the first to third epochs, respectively.
This reduction in intubation remained significant even after
adjusting for GA in VPI and adjusting for GA and male sex in
ELBW infants. Figure 2(a) uses SPC to illustrate the temporal
decline in NICU intubation of VPI. Figure 2(b) illustrates
that the most significant decline in intubation occurred in
ELBW infants, while 1000-1500g infants maintained gains
made earlier in the decade (2011-2013). There was a significant
decrease in pneumothorax in ELBW infants from 17% in the
first epoch to 0% in the third epoch that remained significant
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FIGURE 2: NICU intubation. (a) Ever intubation risk of < 33 week preterm infants illustrated by statistical process control half yearly “p” chart

and (b) risk reduction in 3 exclusive subgroups over the 3 epochs.

even after adjusting for GA and male sex. There was no
significant difference in CLD.

There is a trend towards decrease in discharge home on
oxygen in both VPI (from 5% to 2%) and ELBW infants
(from 23% to 11%) from the first to third epoch, although not
statistically significant.

3.5. Neonatal Mortality and Morbidity. There was no signif-
icant difference in mortality or major morbidities in VPI;

however, we demonstrated a significant increase in survival
without major morbidity in ELBW infants. There was an
increase in the PMA at discharge in VPI, although not
statistically significant after adjusting for GA. There was no
increase in PMA at discharge in ELBW infants.

3.6. Benchmarks. Noninvasive strategies including CPAP and
NIMV (Figures 3 and 4) have been increasing over the
last decade in California, while conventional mechanical
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Nasal CPAP after Initial Resuscitation
Inborn Infants 401 to 1500 grams or 22 to 31 Completed Weeks Gestation Born in 2005-2018
This chart is final for years 2017 and earlier. The chart is preliminary for 2018 as the data collection is on-going.
Santa Clara Valley Medical Center (SCVMC)
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FIGURE 3: Annual trends in nasal CPAP after the initial resuscitation 2005-2017. (a) Unadjusted control chart with the orange shaded area
representing the control limits and orange line representing the rate of CPAP use in our center. The purple line represents the 23 regional
NICUs and the blue line represents all 140 NICUs in CPQCC (California Perinatal Quality Care Collaborative). (b) The CUSUM (Cumulative
Sum Control) chart shows possible points of temporal change. (c) The volume bar shows the sample size and the event incidence that

subdivides the bar.

ventilation (Figure 5) and high frequency oscillatory ventila-
tion (Figure 6) are decreasing. Despite this trend, for babies
born <32 weeks and birth weight 401- 1500g, discharge
home on oxygen has remained stable in California NICUs at
8.6% (Figure 7) in our study decade 2008-2017. Our NICU,
however, shows an inborn risk-adjusted discharge home on
oxygen rate that is ~2.5% (2013-2017), compared to 10.4%
(2014-2016) for inborn infants cared for in California regional
NICUs. Our infants were also discharged at a comparable
PMA if not sooner (Figure 8).

4. Discussion

With early initiation of noninvasive modes of ventilation
in delivery room, we show a significant decrease in intuba-
tion and duration of invasive ventilation without worsening
mortality or major neonatal morbidities for VPI in the
three epochs studied. There is a suggestion of decrease
in discharge home on oxygen, although not statistically

significant. We also show improved survival without major
morbidity in the smallest of these infants, the ELBW popula-
tion.

4.1. Increasing CPAP and Decreasing Invasive Ventilation.
Early CPAP in very preterm infants is associated with
decreased number of days of invasive ventilation without any
change in neonatal outcomes compared to early intubation
[11, 12]. We have shown in an innovative clinical setting that
there is a reduction in intubation accompanied by increase
in CPAP days in VPI. We did not see any significant change
in other neonatal mortality and morbidities in the VPI.
However, in ELBW infants, there is a reduction in pneumoth-
orax and increased survival without major morbidities. We
adapted DR CPAP and bubble CPAP at the beginning our
study period followed by standardization of multiple other
noninvasive respiratory support (Figure 1). During the study
period, compared to other regional NICUs across California,
our center has shown lower risk of invasive ventilation



BioMed Research International

Nasal IMV or SIMYV after Initial Resuscitation
Inborn Infants 401 to 1500 grams or 22 to 31 Completed Weeks Gestation Born in 2006-2018
This chart is final for years 2017 and earlier. The chart is preliminary for 2018 as the data collection is on-going.

Santa Clara Valley Medical Center (SCVMC)
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FIGURE 4: Annual trends in nasal IMV or SIMV after initial resuscitation 2005-2017. (a) Unadjusted control chart with the orange shaded
area representing the control limits and orange line represent the rate of nasal IMV or SIMV use in our center. The purple line represents the
23 regional NICUs and the blue line represents all 140 NICUs in CPQCC (California Perinatal Quality Care Collaborative). (b) The CUSUM
chart shows possible points of temporal change. (c) The volume bar shows the sample size and the event incidence that subdivides the bar.

(conventional and high frequency ventilation) with fewer
infants discharged home on oxygen. These findings reassure
us that commiting to noninvasive strategies does not lead
to adverse pulmonary outcomes nor prolonged hospitaliza-
tion.

4.2. Increasing Magnesium Use. Ever since the early report
of rapid infusion of magnesium preventing intubation in
two young adults with status asthmaticus in the emergency
room [13], there has been growing interest in magnesium
use in critical care settings [14]. There is also reassurance
that prenatal magnesium use does not adversely affect car-
diorespiratory status in preterm infants < 29 weeks GA in
those exposed to antenatal magnesium compared with those
without magnesium exposure [15]. Our current study reports
a striking temporal increase in prenatal magnesium use in
both VPI and ELBW infants accompanied by a temporal
decline in intubation rates. There is a significant reduction in
intubation over the epochs, even after adjusting for perinatal
magnesium in VPI (adjusted odds ratio [adjOR] 0.53, p <
0.001) and ELBW (adjOR 0.33, p = 0.017). In the ELBW

population, maternal magnesium appears to be associated
with lower risk of intubation after adjusting for GA, male sex,
and epoch (adjOR 0.05, p = 0.001). These findings require
further validation.

4.3. Increasing Colostrum Use and Decreasing Neonatal Antibi-
otics. Optimal colonization of infant microbiota has been
linked to improved outcome. Use of mothers’ own milk
has been associated with a reduction in CLD [16]. In our
study we see a temporal increase in early introduction of
colostrum with a decrease in exposure to any antibiotic while
in the NICU. Whether these practices are related to the
decline in intubation rates also requires further investiga-
tion.

4.4. Caffeine and Vitamin A. Caffeine [17, 18] and vitamin
A [19] use have been associated with reduction in CLD. We
report increased caffeine use in VPI infants during the study
period, albeit no increase in vitamin A use. Our standardized
criteria for initiating vitamin A in VPI included invasive
ventilation at 72 hours of life. However, the reduction in
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FIGURE 5: Annual trends in conventional ventilation after initial resuscitation 2005-2017. (a) Unadjusted control chart with the orange shaded
area representing the control limits and orange line representing the rate of conventional ventilation use in our center. The purple line
represents the 23 regional NICUs and the blue line represents all 140 NICUs in CPQCC (California Perinatal Quality Care Collaborative).
(b) The CUSUM chart shows possible points of temporal change. (c) The volume bar shows the sample size and the event incidence that

subdivides the bar.

invasive ventilation and intermittent periods of vitamin A
unavailability led to lower use of vitamin A during the second
epoch.

4.5. Minimally Invasive Methods of Surfactant Administration.
Surfactant is beneficial in preterm infants with respira-
tory distress syndrome. However, the method of surfactant
administration (via endotracheal tube insertion followed
by invasive mechanical ventilation) is complicated by lung
injury. Less invasive techniques such as INSURE (INtubate,
SURfactant, Extubate) and LISA (Less Invasive Surfactant
Administration) are methods that improve respiratory out-
comes [20]. Decreased intubation in the last epoch may be
attributable to the introduction of LISA into our practice in
2017.

4.6. Study Limitations and Future Directions in Clinical
Practice. We are a single center presenting only inborn VPI
experience at a highly resourced regional perinatal center and
NICU. Hence the generalizability of our experience is limited

to centers with similar populations and practices. We have a
very high antenatal steroid exposure (> 93-96%) and DCC
of at least 30-60 s in >83% of VPI. We have increasing early
introduction of colostrum and decreasing antibiotic exposure
in our very preterm population to promote favorable infant
colonization. Another study limitation is our very low pro-
portion of non-Hispanic white infants, a population known
to have higher risk of respiratory morbidities including
pneumothorax and CLD.

A decade is a relatively long time in modern medicine
with major impact global clinical trials and studies attenu-
ating clinical practice [11, 12, 21-23] in VPL Future direc-
tions in minimizing lung injury include minimally invasive
surfactant therapy (MIST). MIST (including administration
of surfactant by intrapharyngeal instillation, nebulization,
laryngeal mask, and thin catheter) allows for a spontaneously
breathing infant to remain on CPAP but also benefit from
surfactant therapy [24]. Developing a safe and effective mode
of delivering MIST is critical since CPAP is the primary mode
of respiratory support in preterm infants.
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FIGURE 6: Annual trends in high frequency ventilation after initial resuscitation 2005-2017. (a) Unadjusted control chart with the orange
shaded area representing the control limits and orange line representing the rate of high frequency ventilation use in our center. The purple
line represents the 23 regional NICUs and the blue line represents all 140 NICUs in CPQCC (California Perinatal Quality Care Collaborative).
(b) The CUSUM chart shows possible points of temporal change. (c) The volume bar shows the sample size and the event incidence that

subdivides the bar.

5. Conclusion

We demonstrate that early noninvasive cardiorespiratory
support and minimizing DR intubation reduce the risk of
NICU intubation without added risk of NICU morbidity.
This is true in an era of increased caffeine and perinatal
neuroprotective magnesium use and declining surfactant
replacement therapy. Minimizing intubation and decreas-
ing invasive ventilation are associated with decreased risk
of discharge home on oxygen. This may also confer an
advantage for survival without major morbidity for ELBW
infants. Furthermore, perinatal magnesium may reduce risk
of intubation in the ELBW infant. These findings require
further validation and study. Reducing risk of home discharge
on oxygen presents a compelling opportunity for further
improvement in the care of the very preterm infant.
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FIGURE 8: Risk-adjusted trends in median postmenstrual age (PMA) at home discharge for inborn infants, 2005-2017. (a) The orange line with
orange shaded area between upper and lower control limits represents our center. The purple line represents 23 regional NICUs and the blue
line represents all 140 NICUs in CPQCC (California Perinatal Quality Care Collaborative). (b) Each vertical line represents a regional center
NICU participating in CPQCC. Dots represent the 5-year (2013 to 2017) aggregate risk-adjusted median PMA at discharge, and the vertical
lines extend up to the 95% confidence limits for the risk-adjusted rate for each center. Our center is the red line. The horizontal reference line
is the average rate of discharge home on oxygen for all regional NICUs in CPQCC.
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