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BACKGROUND: Chronic lung disease is the most common morbidity affecting very low birth-
weight (VLBW) infants. Many of these infants are discharged home on oxygen, placing significant
emotional and financial burdens on families. We sought to reduce the proportion of VLBW infants
requiring discharge home on oxygen by improving convalescent respiratory practices. METHODS:
We performed a prospective quality-improvement project for infants with birth weights < 1,500 g
in a single neonatal ICU. Using Plan-Do-Study-Act cycles, we developed and implemented a room
air challenge, oxygen reference chart, and a standardized oxygen delivery guideline. The primary
outcome was the proportion of VLBW infants discharged home on oxygen. Secondary outcomes
included rate of chronic lung disease and postmenstrual age when off all respiratory support.
Balancing measures were postmenstrual age and weight at discharge, as well as unplanned read-
missions. Statistical process control charts were used to monitor outcomes and balancing measures.
RESULTS: The proportion of VLBW infants discharged home on oxygen decreased from 34.4% to
18.5% and 21.7% in the following two years (P � .044 and P � .01, respectively). G-Chart analysis
showed a higher mean number of successes between failures. The rate of chronic lung disease
decreased from 31.2% to 25.4% (P � .03). The mean postmenstrual age at discharge, mean weight
at discharge, and readmission rate were unchanged. CONCLUSION: Standardization of convales-
cent respiratory care practices improved respiratory morbidities in VLBW infants. These inter-
ventions could be utilized in other NICUs with high incidence of respiratory morbidities despite
improvement in delivery room practices. Key words: very low birthweight; premature infants; neonatal
intensive care unit; bronchopulmonary dysplasia; chronic lung disease; oxygen inhalation therapy;
quality improvement. [Respir Care 2019;64(9):1109–1115. © 2019 Daedalus Enterprises]

Introduction

Chronic lung disease, defined as a physiologic require-
ment for supplemental oxygen at 36 weeks postmenstrual

age (PMA), is the most common morbidity in premature
infants. It affects approximately 40% of very low birth-
weight (VLBW) infants (infants with birth weights
� 1,500 g).1 Following discharge, infants with chronic
lung disease grow poorly in all parameters: weight, length,
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and head circumference.2 Chronic lung disease is indepen-
dently associated with having worse long-term neurode-
velopmental outcomes in later infancy and at school age.3,4

Infants requiring supplemental oxygen at discharge repre-
sent a subset of premature infants with severe chronic lung
disease. This requirement leads to increased financial and
psychological burdens on these families and additional
health care costs to society.5-7

In our level 3 neonatal ICU (NICU), the proportion of
VLBW infants discharged home on oxygen historically
has been high compared to the Vermont Oxford Network
(VON), an international benchmark for NICUs. In 2014,
of all VLBW infants discharged home, 34% required sup-
plemental oxygen at discharge. Although an optimal rate is
not known, this rate of discharge home on oxygen was
markedly above the VON mean rate of 12% for the same
year.

Reducing chronic lung disease rates in VLBW infants
has been an area of emphasis for our NICU since 2009.
Prior improvement efforts that were focused on resuscita-
tion, stabilization, and reducing mechanical ventilation re-
sulted in some success in reducing chronic lung disease.
No significant efforts have focused on the later part of the
hospital course during the convalescent phase of lung dis-
ease. Evidence shows that standardized oxygen delivery
protocols and room air challenges can decrease instances
of chronic lung disease.8-11 We hypothesized that a qual-
ity-improvement initiative to standardize oxygen delivery
protocols and room air challenges could reduce the rate of
discharge home on oxygen and possibly reduce chronic
lung disease rates for VLBW infants in our NICU. The
specific aim of this quality-improvement effort was to re-
duce the proportion of VLBW infants discharged home on
supplemental oxygen by 50% over 2 years.

Methods

Context

This quality-improvement project was conducted at a
rural academic tertiary care hospital in a 30-bed level 3
NICU. There are � 350 admissions annually, one third of
which are outborn. There are approximately 70 VLBW
infant admissions annually. The NICU is staffed by 5 neo-
natologists, 7 advanced providers (neonatal nurse practi-
tioners or physician assistants), 3 neonatal fellows, 21 ro-
tating pediatric residents, 25 respiratory therapists, and
� 60 neonatal nurses. Daily multi-disciplinary bedside
rounds are conducted that help determine respiratory care
plans. Oxygen saturation targets were 90–95% for VLBW
infants.

Both outborn and inborn VLBW infants (� 30 weeks
gestation and/or weight � 1,500 g at birth) who were
discharged home from our NICU were included. VLBW

infants who died or were transferred to another hospital
prior to discharge home were excluded.

This project was reviewed by the Dartmouth College
Committee on the Protection of Human Subjects and was
deemed exempt.

Planning the Interventions

An existing multidisciplinary team met twice monthly
to identify areas for improvement in respiratory care prac-
tices in the NICU. This team consisted of champion phy-
sicians, nurse practitioners, nurses, respiratory therapists,
care resource coordinators, and patient advocates. We
nested our quality-improvement project within this group
to complement the work already done to reduce chronic
lung disease. Family members contributed through un-
structured interviews. Using a microsystem approach, the
team’s first goal was to understand the current literature
and the local problem. Key themes that emerged included
variation in the oxygen-weaning process among providers,
a lack of understanding of FIO2

when using different oxy-
gen-delivery systems, and a desire for standardization of
oxygen delivery.

Based on these findings, we began Plan-Do-Study-Act
(PDSA) cycles and proceeded iteratively with the timeline
of activities shown in Table 1. PDSA cycle 1 standardized
a room air challenge on the basis of previous literature that
reported improvements in outcomes with this interven-
tion.8-10 Infants were eligible for a room air challenge if
they were on supplemental oxygen without positive pres-
sure and FIO2

was � 0.3 at 34 weeks PMA. Oxygen amount
and flows were weaned incrementally, and failure criteria
followed the method described by Walsh et al.9 During the
initial testing phase of this PDSA cycle, we found that the
criteria for failure needed adjustment to include the oxy-
gen saturation histogram data during the 30-min trial. By

QUICK LOOK

Current knowledge

Chronic lung disease is the most common morbidity
effecting very low birthweight premature infants. This
has persisted despite improvements in delivery room
practices and early neonatal care.

What this paper contributes to our knowledge

Using quality-improvement methodology to implement
a room air challenge, FIO2

table, and an oxygen delivery
flow chart led to fewer very low birthweight infants
requiring oxygen at discharge and fewer were diag-
nosed with chronic lung disease.
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adding the failure criteria of the histogram showing
�10% of the 30-min trial was with oxygen saturation
�90%, we were able to account for the infants that had
brief but frequent desaturations in room air. Respiratory
therapists were trained on this protocol and monitored the
room air challenges for all eligible infants. Our goal was to
complete this room air challenge on all eligible infants
before 36 weeks PMA.

PDSA cycle 2 was formulated based on concerns from
staff and parents about changes to FIO2

with different ox-
ygen-delivery methods. An effective FIO2

table was cre-
ated for different infant weights and oxygen delivery meth-
ods based on published literature.12,13

PDSA cycle 3 addressed the issue of variation in oxy-
gen-delivery method. After review of literature and key
stakeholder discussions, the team developed an oxygen-
delivery flow chart to standardize the method of oxygen
delivery on the basis of the infant’s PMA (Fig. 1). This
was a guideline for providers and staff to follow with
3 distinct parts in the VLBW convalescent phase of their
course. The first part was focused on providing appropri-
ate airway pressure by keeping VLBW infants � 34 weeks
PMA on nasal CPAP until ready for room air. The second
part of the flow chart focused on utilizing developmentally
appropriate oral feeding cues, using 1⁄4 L/min nasal can-
nula blended oxygen if low FIO2

support was needed. If an
infant could not pass a room air challenge by 36 weeks
PMA, he was then placed on 1/8 L/min nasal cannula
unblended oxygen. This third part of the flow chart al-

lowed the team to focus care toward discharge planning.
This flow chart was tested on a small group of patients and
modified on the basis of provider and staff comments.

Study of the Interventions

The improvement team met twice monthly throughout
the project to evaluate the interventions, staff and nursing
responses to the interventions, as well as any unanticipated
effects. Outcome and balancing measures were tracked
regularly and discussed with the team. Real-time chart
review was used to monitor for VLBW infants eligible for
the interventions.

Measures

The primary outcome measure was the proportion of
VLBW infants discharged home on oxygen. The second-
ary outcome was the proportion of VLBW infants diag-
nosed with chronic lung disease, as defined by a supple-
mental oxygen requirement at 36 weeks PMA. To measure
progress, we included a process measure of average PMA
for VLBW infants to discontinue respiratory support. Bal-
ancing measures included PMA at discharge, weight at
discharge (to ensure that growth was not affected by dis-
continuing oxygen too early), and unplanned readmissions
within 30 d.

Table 1. Summary and Timeline of Improvement Activities

Timeline Dates Description

Background work July to October 2015 Review current literature
Develop improvement team
Begin unit education of the problem

Understand the problem October 2015 to February 2016 Create fishbone diagram
Create process map
Interview key stakeholders

PDSA 1: Room air challenge February to May 2016 Develop room air challenge protocol
Begin test of change with room air challenge on small group of patients
Modify protocol based on feedback

June to August 2016 Implement room air challenge across unit
January to March 2017 Train respiratory therapists on protocol

PDSA 2: Effective FIO2
table July to August 2016 Create effective FIO2

reference table
Test utility of table on small group of patients
Modify based on nursing, respiratory therapist, parental feedback

October 2016 Implement across unit by providing in all infants’ bedside charts
PDSA 3: Oxygen delivery flow chart August to October 2016 Develop flow chart for oxygen delivery for very low birth weight infants

Obtain feedback from key stakeholders
October to December 2016 Test with a small group of infants
January to March 2017 Edit flow chart based on feedback

Implement across unit

PDSA � Plan-Do-Study-Act
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Analysis

The proportion of VLBW infants discharged home on
oxygen, incidence of chronic lung disease, and weight
at discharge were all evaluated annually and compared
to VON means and first and third quartiles. Statistical
process control charts were used to monitor the remain-
ing measures, with exception of readmissions, and the
charts were evaluated for any special-cause variations
that would indicate intervention-related changes. Be-
cause discharge home on oxygen was a rare event, a
G-chart was used to track in real time the number of
VLBW infants discharged home without oxygen (suc-

cesses) between infants discharged with oxygen (fail-
ures). Published special-cause variation rules were
used.14 Demographic and clinical characteristics for the
infants were tracked. A 2-sample Student t test (2-sided)
was used to compare differences in means for continu-
ous variables, and the chi-square test was used to com-
pare categorical variables.

Results

From January 2014 through December 2016, 186 VLBW
infants were admitted to the NICU: 63 in the baseline year,
and 53 and 70 in the following intervention years. Demo-

Birth – 34 Weeks PMA

Infant weaned off NIV to
CPAP For infants still on CPAP

For infants still requiring oxygen
(¼ L/min blended)

Consistently on
21%?

Continue
CPAP

Trial off to
room air

Consider room air
challenges weekly

Consider room air
challenges weekly

Change to
¼ L/min blended

nasal cannula

Change to unblended
nasal cannula

(100% O2 1/8 L/min)

Return
to
CPAP

Room
air

Yes
Yes

Yes

No No

No

Trial off CPAP to room air
tolerated?

CPAP level 5 cm H2O
and FIO2 0.21 FIO2 < 0.30

After 34 Weeks PMA After 36 Weeks PMA

Fig. 1. Very low birthweight oxygen-delivery flow chart developed in the Plan-Do-Study-Act cycle 3. PMA � postmenstrual age.

Table 2. Comparison of Subject Characteristics for the Baseline Year (2014) and the Intervention Years (2015 and 2016)

2014 2015 2016 P (2014 vs 2015) P (2014 vs 2016)

Gestational age, weeks 27 5/7 � 2.7 28 � 2.4 28 � 2.6 .60 .55
Birth weight, g 1041 � 306 1064 � 297 1048 � 266 .68 .89
Male 29 (46) 30 (56) 43 (61) .20 .006
Antenatal steroids 55 (87) 46 (88) 58 (84) .07 .39
Inborn 57 (90) 49 (92) 55 (78) .10 .36
White race 57 (90) 48 (91) 61 (87) .08 .30
Multiple birth 16 (25) 11 (21) 11 (16) .08 .13

Data are presented as mean � SD or n (%). For 2014, n � 63; for 2015, n � 53; for 2016, n � 70.
P � .05 is significant using Student t test and chi-squared test.
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graphic data were similar between the 3 years, with the
exception of significantly higher percentage of males in
2016 (Table 2).

Of the infants admitted, 27 were discharged to home in
2015 and 46 in 2016, and the remaining were transferred
to a local hospital (16 in 2015 and 19 in 2016) or died
before discharge. Five of the 27 infants (18.5%) in 2015
and 10 of the 46 (21.7%) in 2016 required oxygen at
discharge, as shown in Figure 2. Both of these rates were
significantly lower compared to the baseline of 34.4%
(P � .044 for 2015, P � .01 for 2016), although both rates
remained above both the VON mean of 12% and the third
quartile of 15%. Rates of chronic lung disease also de-
creased from 31.2% in 2014 to 25.0% and 25.4% in 2015
and 2016, respectively (P � .08 and .03, respectively).
This was just above the VON chronic lung disease mean
of 24% and below the third quartile of 29%.

Baseline data of discharges tracked using a G-chart
demonstrated a mean number of infants successfully
discharged home without oxygen between failures
was 1.79 with an upper control limit of 8.48 (Fig. 3).
One special-cause signal, a point above the upper con-
trol limit, was noted during the baseline period. This
indicated that the system was not in control at baseline.
After starting the project, the mean increased to 3.6 and
the upper control limit increased to 15.81, and there
were no special-cause signals. The timing of the inter-
ventions is noted in Figure 3.

Regarding other measures, there were no special-cause
signals noted for PMA at discontinuation of respiratory
support. One special-cause signal was noted for PMA at
discharge with a point above the upper control limit in
2016, but no further signals were seen and the data re-

turned to baseline (data not shown). Mean weight at dis-
charge (2,608 g in 2015 and 2,823 g in 2016) continued to
be above the VON mean (2,255 g). There was no differ-
ence in rate of unplanned readmissions.

Discussion

We describe a successful quality-improvement initia-
tive in which standardization of room air challenges and
oxygen delivery to VLBW infants was associated with
nearly halving the proportion of infants who were dis-
charged home on oxygen. Rates of chronic lung disease
for all VLBW infants also decreased by � 30% during
the same time. Despite these improvements, we remained
above the VON third quartile for infants discharged
home on oxygen. There were no perceived effects of the
interventions on PMA and weight at discharge, indicat-
ing that discharges were not delayed and nutritional
status was not affected with these interventions. Before
starting this work, there was notable variation in our
NICU regarding which respiratory support delivery sys-
tem to use and when to trial off support. These varia-
tions appeared to be provider-dependent and not based
on the physiology of the infant. By standardizing these
processes, we were able to engage providers, staff, and
family in reducing the variability and improving out-
comes for the infants.

This project was unique in its focus on room air chal-
lenges and oxygen delivery in the convalescent phase of
lung disease in premature infants. Walsh and colleagues9,10

previously reported that using the physiologic definition of
performing a time-specific and controlled room air chal-
lenge could decrease incidence of chronic lung disease and
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reduce variations in the diagnosis. Although many insti-
tutions have accepted this definition, our unit had not started
this practice, nor is there much literature reporting on the
implementation and sustainment of this practice in indi-
vidual NICUs.

Previously published quality-improvement work on re-
ducing respiratory morbidities has largely focused on the
initial stabilization and respiratory care practices of VLBW
infants. Single-center and large, multi-center collabora-
tions have implemented potentially better practices, in-
cluding vitamin A, postextubation and delivery room nasal
CPAP, reduction in ventilator days, and permissive hyper-
carbia.15-21 Results from these efforts are mixed, with some
showing significant reductions in chronic lung disease and
others finding limited success. Only some of these re-
ported on discharge home on oxygen, and few implemented
changes during the convalescent phase. Although we had
successfully implemented similar evidence-based and po-
tentially better practices, including initial stabilization on
CPAP, early extubation to noninvasive respiratory support
after INSURE (INtubate-SURfactant-Extubation), and
medication for chronic lung disease prophylaxis (caffeine
and vitamin A), we did not see significant changes in
chronic lung disease rate or in the rate of discharge home
on oxygen. Ours is one the few studies reporting oxygen-
weaning strategies during the convalescence period to af-
fect rate of discharge home on oxygen and chronic lung
disease.

Limitations

This quality-improvement project took place in a rela-
tively small unit with a small number of neonatologists
and associate providers. This likely led to an easier con-
sensus regarding interventions; this approach may be more
challenging in units with a higher census and larger staff.
Also, our unit has participated in other quality initiatives,
both locally and through VON. This culture likely affected
staff attitudes, making them more willing to accept change,
and this might limit the generalizability of the interven-
tions. Due to the small number of qualifying infants and
the relative rarity of the outcome, we made comparisons to
annual VON data to assist our analysis of the main out-
come. This approach made real-time tracking difficult. We
attempted to mitigate this by using a G-chart to measure
elapsed time between undesired occurrences.

It is clear that our unit was an outlier, although it is not
completely clear why. Although we saw improvement in
our rate of discharge home on oxygen, it remains above
the VON average and third quartile. The cause for this is
not immediately known because we do not believe that our
population is significantly more ill than other NICUs. We
are continuing to work to improve our practices and opti-
mize care for these infants. It is also possible that, with the
degree to which our rate was above the mean, some of the
improvement could be due to regression to the mean. This
had not happened in the previous 10 years, however, de-
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spite previously mentioned improvements in our respira-
tory care practices.

Conclusions

We describe a successful quality-improvement effort to
decrease discharge home on oxygen and chronic lung dis-
ease through implementation of standardized room air chal-
lenges, oxygen delivery, and weaning practices in the con-
valescent phase of lung disease in preterm infants.
Acceptance of these interventions in other institutions could
lead to reduced variation in oxygen administration, de-
creased respiratory morbidities, and avoid the emotional
and financial stress of discharging a preterm infant home
with oxygen.
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