
Avoiding delivery room intubation 
(DRI) and stabilization of preterm 
infants on continuous positive airway 
pressure (CPAP) reduces death and 
bronchopulmonary dysplasia (BPD).‍1‍–‍3 
The Neonatal Resuscitation Program 
(NRP) suggests that spontaneously 
breathing preterm infants with 
respiratory distress may be supported 
with CPAP.‍4 However, the majority of 
extremely low gestational age (GA) 
neonates receive face mask positive 
pressure ventilation (Fm-PPV) in the 

delivery room (DR).5‍–‍7 Inadequate 
Fm-PPV during these crucial initial 
minutes after birth may result in 
persistent hypoxia and bradycardia, 
necessitating emergent intubation.

Airway obstruction‍8‍–‍10 and mask leak‍9,​10  
are common during Fm-PPV. The NRP 
recommends certain steps (mask 
seal, repositioning head, suction, 
open mouth, and increase pressure 
[MRSOP]) to optimize Fm-PPV before 
resorting to intubation.‍11,​‍12 In addition, 
the use of colorimetric end-tidal 
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carbon dioxide (ETCO2) detectors 
and appropriate-size round masks 
help mitigate airway obstruction‍8 
and mask leak,​‍13 respectively. 
Inadequate positive inspiratory 
pressure (PIP) and positive end-
expiratory pressure (PEEP) during 
Fm-PPV is a common occurrence.14

As previously reported, the DRI rate 
among extremely low GA neonates 
decreased in our hospital during 
and after participation in Surfactant, 
Positive Pressure, and Oxygenation 
Randomized trial.‍15 However, the DRI 
rate was higher at our center than 
what was reported in the trial (61% 
vs 34%).‍6,​‍15 The DRI rate continued 
to be higher in the successive years 
despite efforts to optimize CPAP in 
the DR. We hypothesized that DRI 
can be decreased by implementing 
a resuscitation bundle. The specific 
aim of the quality improvement (QI) 
project was to decrease DRI rates 
of preterm infants born ≤29 weeks’ 
gestation by 10% within 12 months.

METHODS

Setting

Parkland Hospital and Health System 
(PHHS) is a large public hospital with 
>12 000 deliveries annually. At PHHS, 
all deliveries of infants born ≤29 
weeks’ gestation are attended by a 
dedicated resuscitation team, which 
includes a resuscitation nurse, a 
respiratory therapist (RT), a resident 
physician and/or nurse practitioner, 
an obstetric nurse, and a neonatal 
fellow and/or neonatal attending. 
Resuscitation is performed in the 
actual DR. The roles of team members 
are well defined, and validation of 
skills and knowledge is regularly 
assessed by using simulation and 
debriefing. Resuscitation details are 
verbalized by the team and entered 
on a paper form in real time by a 
trained obstetric nurse. The umbilical 
cord is clamped immediately after 
birth. All infants born ≤32 weeks’ 
gestation are started immediately on 
CPAP by using a T-piece resuscitator 

(Neopuff; Fisher & Paykel, Auckland, 
New Zealand). Fm-PPV is provided 
per the NRP guidelines. Resuscitation 
is started at 21% oxygen and titrated 
to meet the NRP saturation goals. 
PIP is usually set at 25 and PEEP 
at 5 cm H2O. The RT is primarily 
responsible for providing Fm-PPV 
but receives input from the team 
leader. No predetermined GA criteria 
is used for intubation. Infants who 
do not need intubation in the DR 
are maintained on CPAP through 
bi-nasal prongs (Hudson Prongs; 
Teleflex, Wayne, PA) connected to a 
PEEP valve, running 8 to 10 L/min 
flow before transport to the NICU. 
Infants are intubated in the NICU for 
surfactant therapy if they require 0.4 
to 0.5 fraction of inspired oxygen at 
CPAP level of 6 to 7 cm H2O.

Of note, PHHS relocated to a new 
larger facility in August 2015 
where the DR is 1 floor below the 
NICU. The antenatal steroid (ANS) 
administration policy changed 
in September 2015 to include all 
mothers with an impending preterm 
delivery from the previous practice 
of selective administration excluding 
women with pregnancy-induced 
hypertension and diabetes mellitus.‍16

Planning the Intervention

A multidisciplinary “Golden Hour” 
project team was formed in January 
2014 to streamline the admission 
process of neonates born ≤29 
weeks’ gestation. Data on DRI were 
prospectively collected among 
other relevant measures. The 
team identified the opportunity 
to decrease DRI. A retrospective 
analysis of resuscitation practices 
was conducted on infants born 
between January 2014 and 
September 2015 to determine 
key drivers of change. Analysis of 
indications for intubation (‍Fig 1) 
revealed that unresolved bradycardia 
(heart rate <100 beats per minute) 
after Fm-PPV was the most common 
reason for DRI, accounting for 34% of 
all intubations. Indeed, 18% of DRIs 

had no documented NRP-specified 
indications. Among intubated infants, 
only 45% had documentation of 
MRSOP steps and 27% received PIP 
>25 cm H2O before intubation. Based 
on these findings, improved Fm-PPV 
and team buy-in for noninvasive 
support were identified as key 
drivers of change (‍Fig 2). To meet 
these 2 objectives, a resuscitation 
bundle was designed with 9 key 
elements (‍Table 1). Briefly, bundle 
components included the use 
of round masks in combination 
with ETCO2 detectors (Pedi-Cap; 
Medtronic PLC, Minneapolis, MN) 
and strict adherence to MRSOP steps, 
particularly increasing pressure to 
30 cm H2O and increasing inspiratory 
time (TI) to 1 second consecutively 
for unresolved bradycardia before 
resorting to intubation. Bundle also 
emphasized accurate documentation 
of MRSOP steps and debriefing after 
each DRI.

Planning the Study of the 
Intervention

Infants born between January 2014 
and September 2015 constituted the 
pre–quality improvement cohort 
(QIC) and infants born between 
October 2015 and December 2016 
were included as the post-QIC. 
Three team members prospectively 
collected details of each resuscitation 
from the electronic medical records. 
In addition, data were obtained from 
the existing NICU database.

Description of Measures

The primary outcome of interest was 
the rate of DRI. Process measures 
included maximum PIP, duration 
of Fm-PPV, and documentation of 
reason for intubation. Balancing 
measures were duration of 
bradycardia, time to NICU admission, 
proportion of infants developing 
hypoglycemia (<40 mg/dL) and 
hypothermia (<36°C) on admission, 
and pneumothorax during hospital 
stay.
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Statistical Analyses

Analysis was performed by using 
SAS version 9.2 (SAS Institute, Inc, 
Cary, NC). Categorical variables were 
analyzed by Pearson χ2 or Fisher’s 
exact test as applicable. Continuous 
variables were analyzed by Student’s 
t test or Mann–Whitney U test. A 
2-sided 0.05 level of significance 
was used for all analyses. The rate of 
DRI was tracked by using statistical 
process control charts (QI Macros; 
KnowWare International, Inc, 
Denver, CO) with quarterly intervals. 
A stepwise forward multiple logistic 
regression was performed for DRI, 
BPD, death or BPD, and severe 
retinopathy of prematurity (sROP). 
In addition to those prespecified 
variables known to be associated 
with the outcomes of interest, all 
variables with P values <.1 were 
included in the logistic regression.

Ethical Considerations

The Institutional Review Board of 
University of Texas Southwestern 
Medical Center considered the 
project exempt from review 
because QI PHHS Office of Research 
Administration approved the project.

QI Activities

Plan-Do-Study-Act 1 (October 2015–
December 2015)

In October 2015, findings of the 
retrospective analysis of DRI 
practices were presented to faculty, 
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FIGURE 1
Pareto chart of reasons for intubation.

FIGURE 2
Key drivers of change.

TABLE 1 �DR Resuscitation QI Bundle

Objective Intervention

Improve Fm-PPV Initiate PPV with PIP 25 and PEEP 5 if infant has bradycardia, apnea, or ineffective respiration; increase PIP to 30 as part of MRSOP 
steps before intubation attempt

Increase TI to 1 s if infant not responding to MRSOP steps
Simulation-based training focused on MRSOP. Change to appropriate size round masks using size guide at the resuscitation cart. 

Use of ETCO2 detectors with Fm-PPV
Document MRSOP

Improve documentation Document indication for intubation. RT to double check the accuracy of documentation with the resuscitation nurse
Debriefing Debrief after each intubation



fellows, nurse practitioners, and 
the resuscitation team. A consensus 
resuscitation bundle was adopted.

Plan-Do-Study-Act 2 (January–May 
2016)

The RTs led peer-to-peer simulation-
based training of providing Fm-PPV 
using a round mask and ETCO2 
detectors. Training was focused on 
mask holds and mask position to 
avoid mask leak and obstruction and 
to achieve chest rise. Extra small (35 
mm diameter) and small (42 mm 
diameter) round masks (Fisher and 
Paykel Healthcare, Auckland, New 
Zealand) were deployed in the DR 
after the majority of staff completed 
training. ETCO2 detectors during 
Fm-PPV were set up before the 
delivery of the infant. During Fm-PPV, 
absence of color change prompted 
change in mask position and/or mask 
hold and assessment for other causes 
of airway obstruction. The goal was 
to achieve chest rise during PPV. The 
PIP was increased to 30 cm H2O and 
TI increased to 1 second sequentially 
if the heart rate continued to be <100 
beats per minute and not rising. 
Data for the DRI rate were presented 
during a biweekly resuscitation 
conference and the reason for each 

intubation reviewed. MRSOP steps 
were emphasized.

Plan-Do-Study-Act 3 (June–December 
2016)

A debriefing check list was created 
for infants needing DRI and were 
audited on a regular basis. Control 
charts for DRI were reviewed every 
month.

RESULTS

There were 350 infants between 
22 and 29 weeks’ gestation born 

during the study period (‍Fig 3). After 
excluding neonates who received 
comfort care, 314 neonates were 
included. Of these, 180 were born 
in the pre-QIC and 134 in the post-
QIC. There were no differences in 
maternal and neonatal characteristics 
between groups (‍Table 2), except 
for the higher ANS rate and less base 
deficit in the post-QIC.

The control chart for DRI rate (‍Fig 4)  
revealed a special cause variation 
of high DRI rate up to the fourth 
quarter of 2015. Central line shifted 
down per standard rules of special 
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FIGURE 3
Flow diagram of study population.

TABLE 2 �Comparison of Maternal and Infant Characteristics

Characteristic Pre-QIC (n = 180) Post-QIC (n = 134) P

Maternal age, y, mean ± SD 28.7 ± 7 28.6 ± 8 NS
Hispanic, n (%) 124 (69) 90 (67) NS
Preeclampsia, n (%) 59 (33) 41 (31) NS
Diabetes, n (%) 21 (12) 15 (11) NS
PROM (≥18 h), n (%) 37 (20) 22 (17) NS
ANSs, n (%) 98 (54) 119 (89) <.01
Antenatal magnesium, n (%) 112 (62) 88 (66) NS
Oligohydramnios, n (%) 9 (5) 3 (2) NS
Multiple birth, n (%) 29 (16) 28 (21) NS
Chorioamnionitis n (%) 10 (6) 7 (5) NS
Cesarean delivery, n (%) 118 (66) 87 (65) NS
General anesthesia, n (%) 41 (23) 24 (18) NS
Male sex, n (%) 90 (50) 59 (44) NS
GA, wk, mean ± SD 26.8 ± 1.7 26.9 ± 1.9 NS
Birth wt, g, mean ± SD 1016 ± 0.09 1023 ± 305 NS
Cord blood gas pH, mean ± SD 7.26 ± 0.09 7.26 ± 0.08 NS
Cord blood gas base deficit, mean ± SD −6.2 ± 3.7 −5.05 ± 3.54 .02

NS, not significant; PROM, premature rupture of membranes.



cause variation in the first quarter of 
2016. DRI remained low for 2016–
2017 without further special cause 
variation demonstrating a stable 
process.

The rate of DRI, the primary outcome 
of the study, decreased in post-
QIC (‍Table 3). Fm-PPV was more 
effective in resolving bradycardia in 
post-QIC. DRI decreased particularly 
in infants born at 28 to 29 weeks’ 
gestation (‍Fig 5). The rate of DRI 

remained lower in post-QIC even 
after adjusting for GA, sex, and ANS 
rate (adjusted odds ratio [aOR] 0.4 
[confidence interval (CI) 0.3–0.7], 
P < .01). There was no difference in 
the reasons for intubation between 
groups. Of the balancing measures, 
there was no difference in the 
duration of bradycardia  
and incidence of pneumothorax, 
but the median time to NICU 
admission was longer and incidence 

of hypoglycemia was higher in the 
post-QIC.

In the post-QIC, fewer infants needed 
surfactant therapy and mechanical 
ventilation (MV) during their NICU 
stay (‍Table 4). There was a lower 
incidence of BPD, composite outcome 
of death or BPD, and sROP compared 
with the pre-QIC. Death or BPD (aOR 
0.53 [CI 0.30–0.96], P = .04), BPD 
(aOR 0.4 [CI 0.2–0.7], P < .01), and 
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FIGURE 4
DRI rate. CL, center line; LCL, lower control limit; Q1, quarter 1; Q2, quarter 2; Q3, quarter 3; Q4, quarter 4; UCL, upper control limit.

TABLE 3 �Resuscitation and Admission Details

Characteristics Pre-QIC (n = 180) Post-QIC (n = 134) P

Received Fm-PPV, n (%) 146 (81) 113 (84) NS
Bradycardia needing Fm-PPV, n (%) 69 (38) 57 (43) NS
Successful resolution of bradycardia, n (%) 39/69 (56) 44/57 (77) .02
Duration of Fm-PPV, s, mean ± SD 188 ± 138 189 ± 136 NS
Duration of bradycardia, s 120 (60 210) 90 (60 180) NSa

Maximum CPAP (cm H2O) 5 (5, 5) 5 (5, 5) NSa

Maximum PIP (cm H2O) 25 (25, 25) 25 (25, 29) <.01a

Maximum Fio2%, mean ± SD 67 ± 25 71 ± 24 NS
DR intubation, n (%) 105 (58) 50 (37) <.01
Minutes to first DR intubation 3 (2, 5) 4 (3, 7) NSa

Apgar score at 1 min 4 (2, 6) 4 (2, 6) NSa

Apgar score at 5 min 7 (5, 8) 7 (6, 8) NSa

Time to admission, min 21 (19, 25) 24 (21, 27) <.01a

Hypothermia on admission (≤36°C), n (%) 9 (5) 2 (2) NS
Hyperthermia on admission (≥38°C), n (%) 19 (11) 23 (17) NS
Hypoglycemia on admission (≤40 mg/dL), n (%) 14 (8) 20 (15) .049

Fio2, fraction of inspired oxygen; NS, not significant.
a Mann–Whitney U test; median (25th, 75th).



sROP (aOR 0.3 [CI 0.1–0.7], P < .01) 
rates were lower in the post-QIC even 
after adjusting for GA, sex, and ANS. 
There were no differences in DRI 
rate and neonatal outcomes between 
the plan-do-study-act (PDSA) cycles 
(‍Table 5).

DISCUSSION

This single-center QI project 
shows that the rate of DRI can be 
decreased among preterm infants 
by implementing a resuscitation 
bundle aimed at improving the 
effectiveness of Fm-PPV. To the best 
of our knowledge, this is the first 
QI study in which the use of MRSOP 
ventilation corrective steps was 
systematically evaluated along with 
training in effective Fm-PPV aimed 
at reducing the rate of DRI among 
preterm infants. The rate of DRI 
dropped by 21% in the post-QIC. The 
decreased rate of DRI was associated 

with a lower need for surfactant 
therapy and MV during the NICU stay. 
The incidence of BPD, the composite 
outcome of death or BPD, and sROP 
also decreased in the post-QIC.

Mask leak and airway obstruction 
are common with Fm-PPV and 
often remain unrecognized.‍8‍–‍10,​‍17‍‍–‍21 
Correct positioning,​‍22 appropriate 
mask size, prevention of mask 
leak, as well as simulation training 
and assistive devices to determine 
obstructed breaths are critical to 
avoid DRI.20 Palme et al‍13 reported 
less mask leak with round mask 
compared with triangular mask while 
providing PPV. However, a study 
from O’Donnell et al‍17 did not see 
differences between the masks in 
regards to leak. Out of the available 
masks at PHHS, the smallest one 
was found to be too large for infants 
aged 23 to 25 weeks’ gestation in 
the pre-QIC.‍23 Round preterm masks 

appropriate for GA were used in post-
QIC. Mask hold and mask position 
are important in achieving a proper 
seal.‍18 The use of an ETCO2 detector 
during Fm-PPV can help identify 
obstructed breaths early. Persistent 
absence of color change on the ETCO2 
detector along with absence of chest 
rise indicates the need for ventilation 
corrective measures (MRSOP).8 
There is a paucity of data on the 
optimal PIP for preterm infants. A PIP 
of 20 to 30 cm H2O has been reported 
to be adequate.‍4,​‍24,​‍25 Higher PIPs 
may be necessary to compensate 
for mask leak and overcome airway 
obstruction, although one should 
be careful not to deliver excessive 
pressures to avoid lung injury and 
air leaks.‍8 In our algorithm, the 
PIP was increased to 30 cm H2O 
and TI to 1 second as part of the 
MRSOP intervention for unresolved 
bradycardia. Finally, achieving a team 
buy-in is important in implementing 
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TABLE 4 �Respiratory Care and Neonatal Outcome

Characteristic Pre-QIC (n = 180) Post-QIC (n = 134) P

Surfactant therapy, n (%) 139 (77) 81 (60) <.01
MV during NICU, n (%) 153 (85) 94 (70) <.01
Ventilator d 5 (1, 21) 4 (0, 13) NSa

Pneumothorax, n (%) 11 (6) 13 (10) NS
BPD, n (%)b 47 (26) 17 (13) <.01
Death or BPD, n (%) 66 (37) 33 (25) .02
Postnatal steroid, n (%) 20 (11) 8 (6) NS
Necrotizing enterocolitis, n (%) 16 (9) 9 (7) NS
sROP, n (%)c 25 (14) 7 (5) .01
Severe intraventricular hemorrhage, n (%)d 21 (12) 10 (8) NS
Death, n (%) 19 (11) 16 (12) NS

NS, not significant.
a Mann–Whitney U test; median (25th, 75th).
b BPD: need for oxygen at 36 wk postmenstrual age.
c sROP: stage ≥3.
d Severe intraventricular hemorrhage: Papile stage ≥3.

TABLE 5 �Infant Characteristics and Neonatal Outcomes by PDSA Cycles

PDSA 1 (October 15–December 
15), n = 26

PDSA 2 (June 16–May 16), n = 44 PDSA 3 (June 16–December 16), 
n = 64

P

ANSs, n (%) 25 (96) 38 (86) 56 (88) NS
GA, wk, mean ± SD 27.4 ± 1.9 26.8 ± 1.9 26.6 ± 1.9 NS
Birth wt, g, mean ± SD 1081 ± 320 1023 ± 301 999 ± 304 NS
DR intubation, n (%) 13 (50) 12 (27) 25 (40) NS
Surfactant therapy, n (%) 18 (69) 24 (55) 39 (61) NS
Intubated during NICU stay, n (%) 20 (77) 29 (66) 45 (70) NS
BPD, n (%) 2 (8) 6 (14) 9 (14) NS
sROP, n (%) 2 (8) 2 (5) 3 (5) NS
Death, n (%) 4 (15) 2 (5) 10 (16) NS
Death or BPD, n (%) 6 (23) 8 (18) 19 (30) NS



the desired interventions. Peer-
to-peer simulation and debriefing 
of individual resuscitations were 
designed to place accountability 
on the team in achieving set goals 
and to create an environment of 
self-learning.

Several single-center studies have 
revealed decreased DRI after 
implementing strategies favoring early 
initiation of CPAP in spontaneously 
breathing newborns compared with 
the previous practice of intubation 
for prophylactic surfactant.‍26‍‍‍‍‍–‍33 
However, there is limited evidence 
to support decreased rates of DRI 
beyond what can be achieved by the 
adoption of strategies to stabilize 
spontaneously breathing infants who 
are not bradycardic at birth. Recently, 
use of a respiratory function monitor 
(RFM) during resuscitation has 
shown to help better identification 
of mask leak, obstruction, and avoid 
excessive tidal volumes, decrease 
DRI and oxygen use.‍18,​19,​‍34 In 
addition, written instruction and 
simulation-based learning using 
an RFM decreases mask leak.‍18,​‍21 
RFMs are not routinely available 
and are used primarily in research 
settings. In our study, we used ETCO2 
colorimetric detector and round 
masks, which are easily available and 
were associated with a decrease in 

DRI. Our rate of DRI is similar to the 
collaborative study that reported a 
decrease in DRI rate by promoting 
early CPAP, avoiding intubation 
and decreased hypothermia.‍35 The 
collaborative centers also reported 
decreased BPD and sROP.36 However, 
no specific strategy was described to 
reduce intubation rates. Recently, 2 
other strategies have been studied 
in decreasing DRI rates. Sustained 
inflation using nasopharyngeal 
prongs with PIP of 20 to 30 H2O for 
10- to 15-second inspiration time 
reduced the rate of DRI compared 
with intermittent Fm-PPV but 
was associated with increased 
pneumothorax.‍37 Large randomized 
controlled trials (RCTs) are currently 
underway in which sustained inflation 
is compared with intermittent 
Fm-PPV.‍38 The authors of a single-
center study reported decreased DRI 
rate using modified nasal cannulae.‍39 
Because both these strategies are still 
experimental, we did not include them 
as part of the resuscitation bundle.

Interestingly, the decreased rate of 
DRI in the post-QIC was associated 
with decreased need for surfactant 
and MV consistent with the findings 
of RCTs.‍6,​‍40‍–‍42 The decrease in the 
incidence of BPD and composite 
death or BPD seen in our study 
is consistent with the findings of 

previous meta-analyses.1‍–‍3 The 
incidence of sROP was also lower in 
the post-QIC. However, RCTs have not 
shown any reduction in sROP with 
increased use of ANS or promoting 
stabilization on CPAP in DR.‍2,​‍43 Pulse 
oximeter saturation target limits 
for supplemental oxygen therapy 
in the NICU was similar in both 
cohorts (88%–94%). Contributing 
factors for reduced sROP could be 
due to decreased exposure to MV or 
increase in rate of ANS. Although we 
used logistic regression to address 
potential confounders including ANS, 
secular trends, other QI initiatives, or 
unknown confounders could account 
for the observed differences.

Prolonged apnea or ineffective 
respiration in the absence of 
bradycardia may require DRI 
to provide a stable airway for 
transport. In this situation, it is 
unclear when the resuscitation 
team should proceed to intubation 
in the DR. The average duration of 
Fm-PPV in both cohorts was 160 
seconds. No studies have contained 
evaluations of the safety of longer 
durations of Fm-PPV. However, a 
longer time in the DR with continued 
Fm-PPV could increase the likelihood 
of other complications such as 
hypothermia and hypoglycemia. The 
higher incidence of hypoglycemia 
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FIGURE 5
Comparison of DRI rate at different GAs between pre- and post-QIC. a Fisher’s exact test P value < .05.



and longer time to NICU admission 
in the post-QIC could be related 
to the need to travel a longer 
distance between DR and NICU in 
the new hospital. The incidence 
of pneumothorax in the post-QIC 
was 10%, which is considerable 
but not statistically different from 
pre-QIC. None of the infants in 
the study had pneumothorax on 
admission to NICU. We speculate 
that the incidence of pneumothorax 
reported in this study likely reflects 
respiratory management after 
admission to NICU.

DRI rates decreased markedly among 
the infants born 28 to 29 weeks’ 
gestation. The difference was not 
statistically significant for infants 
of other GAs, likely because of the 
relatively smaller sample size.

Our study has several important 
strengths. First, such a systematic 
approach to improve effectiveness 
of Fm-PPV using rigorous QI 
methodology is new. Second, our 
study demonstrates how detailed 
documentation can help improve 
processes in the DR, even when 
video-recordings are not available  
or feasible. Video-recordings of  
DR resuscitation is a useful tool  
in advancing training and  
research,​‍44,​‍45 but its use has some 
ethical, economical, and legal 
constraints.‍45 Although centers 
that use video have reported 
inconsistencies between guidelines 
and actual practice,​‍14,​44,​‍46,​‍47 use of 
such information to decrease DRI 
rate has not been reported.

There are several limitations to our 
study. The post-QIC had a higher 
rate of ANS administration. In animal 
studies, ANS administration before 
delivery increases lung volume and 
dynamic compliance.‍48 The effect 
of ANS administration on the rate 
of DRI is not known. Meta-analyses 

of studies of ANS do not reveal a 
decrease in the incidence of BPD.‍43 
The DRI rate remained lower in the 
post-QIC even after controlling for 
the potential confounding effect of 
ANS administration. However, it is 
still possible that the higher rate of 
ANS in the post-QIC may have had an 
impact on the neonatal response to 
DR resuscitation, need for surfactant, 
MV, and incidence of BPD more than 
what could be accounted for in the 
logistic regression. This study was 
done over a period of 3 years, which 
creates potential for confounding 
due to secular trends and changes 
in NICU practice. PHHS moved from 
a cramped unit in which multiple 
infants were cared for in 1 bay to a 
newer facility with single-patient 
rooms. Although no obvious changes 
in approach were noted, there could 
be undetermined differences in 
the care provided in such different 
settings. Considerable recruitment 
of new faculty occurred between the 
2 periods. Although the nurses that 
attended DR resuscitations remained 
consistent during the 2 epochs, 
several new RTs joined the team. 
Although these dynamics could make 
the DR processes more unstable, it 
is possible that the ongoing training 
of the resuscitation bundle led to 
improved processes.

Focus of our future PDSA cycle steps 
include achieving further reduction 
in the rate of DRI among infants 
born 23 to 25 weeks’ gestation and 
implement delayed cord clamping in 
vigorous preterm infants.

CONCLUSIONS

In our study, we demonstrate 
the safety and effectiveness of a 
resuscitation bundle to improve 
Fm-PPV and decrease the DRI rate 
among infants born between 23 and 
29 weeks’ gestation. Larger studies in 

different centers should be conducted 
to confirm the effectiveness of this 
bundle.
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ABBREVIATIONS

ANS: �antenatal steroid
aOR: �adjusted odds ratio
BPD: �bronchopulmonary 

dysplasia
CI: �confidence interval
CPAP: �continuous positive 

airway pressure
DR: �delivery room
DRI: �delivery room intubation
ETCO2: �end-tidal CO2
Fm-PPV: �face mask positive 

pressure ventilation
GA: �gestational age
MRSOP: �mask seal, repositioning 

head, suction, open 
mouth, and increase 
pressure

MV: �mechanical ventilation
NRP: �Neonatal Resuscitation 

Program
PDSA: �plan-do-study-act
PEEP: �positive end-expiratory 

pressure
PHHS: �Parkland Hospital and 

Health System
PIP: �positive inspiratory 

pressure
QI: �quality improvement
QIC: �quality improvement cohort
RCT: �randomized controlled trial
RFM: �respiratory function 

monitor
RT: �respiratory therapist
sROP: �severe retinopathy of 

prematurity
TI: �inspiratory time
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