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BACKGROUND: Asthma is a common reason for admissions to the pediatric intensive care unit
(PICU). Since June 2014, our institution has used a pediatric asthma clinical pathway for all
patients, including those in PICU. The pathway promotes respiratory therapist—driven broncho-
dilator weaning based on the Modified Pulmonary Index Score (MPIS). This pathway was associ-
ated with decreased hospital length of stay (LOS) for all pediatric asthma patients; however, the
effect on PICU patients was unclear. We hypothesized that the implementation of a pediatric
asthma pathway would reduce hospital LOS for asthmatic patients admitted to the PICU.
METHODS: We retrospectively reviewed the medical records of all pediatric asthma subjects
2-17 y old admitted to our PICU before and after pathway initiation. Primary outcome was hospital
LOS. Secondary outcomes were PICU LOS and time on continuous albuterol. Data were analyzed
using the chi-square test for categorical data, the ¢ test for normally distributed data, and the
Mann-Whitney test for nonparametric data. RESULTS: A total of 203 eligible subjects (49 in the
pre-pathway group, 154 in the post group) were enrolled. There were no differences between groups
for age, weight, gender, home medications, cause of exacerbation, medical history, or route of
admission. There were significant decreases in median (interquartile range) hospital LOS (4.4
[2.9-6.6] d vs 2.7 [1.6-4.0] d, P < .001), median PICU LOS (2.1 [1.3-4.0] d vs 1.6 [0.8-2.4] d,
P = .003), and median time on continuous albuterol (39 [25-85] h vs 27 [13-42] h, P = .001).
Significantly more subjects in the post-pathway group were placed on high-flow nasal cannula (32 %
vs 6%, P = .001) or noninvasive ventilation (10% vs 4%, P = .02). CONCLUSION: The imple-
mentation of an asthma pathway was associated with decreased hospital LOS, PICU LOS, and time
on continuous albuterol. There was also an increase in the use of high-flow nasal cannula and
noninvasive ventilation after the implementation of this clinical pathway. Key words: asthma, status
asthmaticus, respiratory therapy, asthma pathway; protocol; quality improvement, high-flow nasal can-
nula; propensity score matching. [Respir Care 2019;64(11):1325-1332. © 2019 Daedalus Enterprises]

Introduction

Asthma is one of the most common pediatric diseases,
with up to 20% of children with asthma requiring visits to
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the emergency department each year.!-> Approximately 13—
50% of these children require hospital admission each year.3
Status asthmaticus is a severe, life-threatening asthma ex-
acerbation that is refractory to short-acting bronchodila-
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tors and systemic corticosteroids.* Worldwide, approxi-
mately 500,000 children with status asthmaticus require
admission to pediatric ICUs (PICUs) each year, with the
number of PICU admissions increasing over time.>-® Cur-
rent data support the use of asthma pathways or protocols

SEE THE RELATED EDITORIAL ON PAGE 1445

to reduce hospital length of stay (LOS) without increases
in hospital readmissions. Patients admitted to the PICU
were included in these studies, but outcomes for subjects
in the PICU were not specifically evaluated.>-'3 Brennan
et al'* recently found that a de-escalation pathway was
associated with modest decreases in PICU LOS, hospital
LOS, and duration of continuous albuterol therapy.

At our institution, a pediatric asthma management clin-
ical pathway is used for all patients admitted to Duke
Children’s Hospital, including those in the PICU. Prior to
development of the asthma pathway, our mean LOS for all
pediatric asthma patients was found to be longer than sim-
ilar institutions. In particular, weaning the frequency of
bronchodilators was noted to be a significant challenge in
both the PICU and after PICU discharge. Thus, the path-
way incorporated respiratory therapist (RT)—driven bron-
chodilator weaning and escalation using the Modified Pul-
monary Index Score (MPIS), a validated asthma scoring
system.%!5 The initial project was driven by our pediatric
hospitalist service and general pediatric service with a fo-
cus on patients in the wards and in stepdown units. There
was some concern from clinicians that the pathway was
not appropriate for the PICU, so we needed to evaluate the
efficacy of the pathway in the PICU setting.

This care pathway was previously reported to decrease
hospital LOS for all pediatric asthma patients with no
increase in readmission rates.® The effect of the pathway
on patients admitted to the PICU is unclear, as they were
included in the original project but not examined as a
specific subgroup. The purpose of this study was to ex-
amine the effect of our asthma pathway on outcomes of
patients admitted to the PICU. We hypothesized that im-
plementation of the asthma pathway would result in a
statistically significant reduction in hospital LOS, PICU
LOS, and duration of continuous albuterol therapy.

Methods

Subjects ages 2—17 y admitted to our PICU for asthma
were identified using ICD-9 and ICD-10 codes. This proj-
ect was exempt from institutional review board approval
because it is a quality-improvement project. We chose to
perform a before-and-after study instead of using quality-
improvement methodology because our quality-improve-
ment efforts were not aimed at the PICU specifically. The

1326

QUICK LOOK

Current knowledge

Asthma is a common reason for pediatric ICU (PICU)
admission. Current data support the use of asthma path-
ways or protocols to reduce the length of hospital stay
without increasing hospital readmissions. Previous stud-
ies have included PICU subjects but have not specifi-
cally evaluated their outcomes. There are limited data
available evaluating the use of asthma pathways in the
PICU.

What this paper contributes to our knowledge

For subjects admitted to our PICU, implementation of an
asthma pathway that incorporated respiratory therapist-
driven weaning of bronchodilators was associated with
significant decreases in overall hospital length stay, PICU
length of stay, and time on continuous albuterol.

original project examined our entire asthma population,
but its efficacy in the PICU also required evaluation. Our
PICU is a 16-bed tertiary care center, staffed around the
clock by pediatric intensivists, critical care fellows, nurse
practitioners, and pediatric RTs. Children requiring con-
tinuous albuterol therapy are required to be in either the
PICU or the stepdown unit. The pre-pathway group in-
cluded all subjects admitted to the PICU between July
2013 and June 2014. The post-pathway group included
those admitted between July 2014 and November 2017.
All subjects admitted to the PICU for asthma at any time
during their hospital stay were included. Patients with cys-
tic fibrosis, pneumonia, chronic lung disease, or those <2y
old were not eligible to be enrolled in the pathway. Ex-
clusion criteria included home oxygen, home noninvasive
ventilation (NIV), upper airway pathologies such as vocal
cord dysfunction or subglottic stenosis, presence of tra-
cheostomy, and invasive mechanical ventilation upon ad-
mission to the PICU.

Demographic data collected included age, weight, med-
ical history, home medications, cause of exacerbation, route
of admission, and respiratory support during admission.
Medical history included prior ICU admission, NIV use,
or intubation. Data were extracted via manual chart review
and determined from admission history and physical or
discharge summary for that hospital admission only. LOS
data were calculated from hospital admission to hospital
discharge. PICU LOS was calculated from PICU admis-
sion to the time when the patient left the PICU. Duration
of continuous albuterol was calculated using the medica-
tion administration record and respiratory therapy docu-
mentation. Admission vitals and MPIS scores were the
first documented in the PICU.
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Weaning

=

Continuous
nebulizer: If score <6,
Albuterol 0.5 mg/kg/h wean,
(max dose 40 mg/h) nofify MD
*Patients requiring > 4 h
of continuous
albuterol must be
transferred to
Step-Down or PICU

If score is 2 10 or
worsens by 2, notify
MD and revert to
prior level

If score is > 12,
or worsens by 2
go to escalation

If score < 6,
wean,
notify MD

If score is 2 10 or
worsens by 2, notify
MD and revert to
prior level

—

Escalating

Albuterol every 4 h
If score < 6, via pMDI:
wean, >15 kg: 4 puffs
nofify MD <15 kg: 2 puffs
OR*
Albuterol every 4 h
via nebulizer
2.5mg

If score is 2 10 or
worsens by 2, notify
MD and revert to
prior level

Use MPIS to guide care: = 10 escalate, 6-9 continue, < 6 wean
Continuous albuterol weaning 40 mg/h = 20 mg/h =10 mg/h

Switch to albuterol pMDI when weaning to every 2 h from continuous
therapy (exception: use nebulizer if patient unable to tolerate pMDI)
Monitor S, intermittently with oxygen vs. when stable on room air
Use continuous pulse oximetry (Syo,) while on continuous

albuterol or oxygen therapy

*Decision to use pMDI or nebulizer determined by MD and RT

Fig. 1. Asthma treatment protocol at Duke Children’s Hospital using the Modified Pulmonary Index Score (MPIS) to guide care. pMDI = pres-
surized metered-dose inhaler; MD = physician; RT = respiratory therapist; PRRT = pediatric rapid response team.

The pediatric asthma pathway was implemented in June
2014. The pathway uses an RT-driven bronchodilator fre-
quency protocol guided by the MPIS (Fig. 1).'> The MPIS
has been reported to have a high inter-rater reliability
(R values of 0.94 to 0.98 and excellent agreement on Bland-
Altman plots) between nurses, physicians, and RTs.!> The
pathway directs RTs to independently increase (at MPIS
= 10) or decrease (at MPIS < 6) the frequency of bron-
chodilator therapy based on MPIS assessments performed
every 2 h for those receiving continuous albuterol or at the
scheduled frequency. Prior to pathway initiation, subjects
were assessed a minimum of every 4 h. Subjects with an
MPIS = 10 receive continuous albuterol therapy at 20—
40 mg/h. Once the MPIS is < 6, continuous albuterol
dosing is weaned or the patient is transitioned to treat-
ments every 2 h. Continuous albuterol was delivered via a
Hope nebulizer (B&B Medical Technologies, Carlsbad,
CA) with aerosol mask or via syringe pump and vibrating
mesh nebulizer for those on high-flow nasal cannula
(HFNC) or NIV. HFNC prongs were sized to half the size
of the subject’s naris, and HFNC flow was titrated to meet
subjects’ inspiratory demand and S, goal per our insti-
tution’s clinical policy. All subjects received systemic cor-
ticosteroids every 6 h. Heliox and intravenous magnesium
sulfate administration were included as part of the path-
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way for subjects with MPIS = 12, and a single dose of
intravenous magnesium is standard therapy for all patients
requiring PICU admission. HFNC and NIV were not in-
cluded as part of the pathway and were used as adjunct
therapy at provider discretion. Data on intravenous mag-
nesium, terbutaline, and aminophylline were collected. For
magnesium, we were able to determine whether subjects
received the drug but not whether they received it as a
bolus for asthma or for electrolyte supplementation.

The hospital transitioned to a new electronic health re-
cord in June 2013; as a result, only 49 pre-pathway sub-
jects were identified. Power analysis was subsequently
performed using a 1:2.5 enrollment method to detect a
25% decrease in mean LOS with 80% power and an alpha
of 0.05. The pathway was implemented in June 2014. The
post-pathway group was identified from an existing qual-
ity-improvement database that included all pediatric asthma
in-patient admissions, and we enrolled all subjects who
were eligible through November 2017. Data were extracted
from the electronic medical record, entered into REDCap,
and analyzed with SPSS v24 (SPSS, Chicago, Illinois).
We utilized the chi-square test for categorical data, the
unpaired ¢ test for normally distributed data, and the
Mann-Whitney rank-sum test for non-normally distrib-
uted data. Propensity analysis was completed for sub-
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Table 1.  Demographics
Pre-Pathway Group Post-Pathway Group P

Age, y, mean = SD 6.5+ 3.6 7.4+ 37 13
Gender n (% female) 17 (35) 67 (44) 28
Weight, kg, median (interquartile range) 20.6 (16.5-31.0) 24.5 (17.8-36.9) 13
Home medications, n (%)

Short-acting 3, agonist 44 (90) 131 (85) 40

ICS 20 (41) 61 (40) .88

Long-acting 3, agonist + ICS 3(6) 25 (16) .07

None 3 (6) 21 (14) .16
History, n (%)

Intubation 1(2) 4(3) .83

ICU admission 11 (22) 39 (25) .68

NIV 0(0) 7(5) 13

None 36 (73) 113 (73) .99
Cause of exacerbation, n (%) 57

Viral 26 (53) 94 (61)

Exposure 1(2) 5@03)

Nonadherence, noncompliance 24) 10 (6)

Other 0(0) 1(0.6)

Environmental 24 8(5)

Unknown or undocumented 18 (37) 36 (23)
Route of admission to pediatric ICU, n (%) .14

Emergency department 30 (61) 66 (43)

Hospital wards 1(2) 10 (6)

Stepdown 24 3(2)

Outside hospital 15 (31) 72 (47)

Pre-pathway group, n = 49 subjects; post-pathway group, n = 154 subjects. Data are presented as mean = SD, median (interquartile range), or n (%).

ICS = inhaled corticosteroid
NIV = noninvasive ventilation

jects receiving HFNC after observing an increase in
HFNC use post-pathway. Subjects were matched based
on age, weight, route of admission, home medications,
and initial MPIS.

Results

We identified a total of 209 patients, with 203 subjects
eligible to be included in our analysis; 6 patients were
excluded for the following reasons: 2 for upper airway
pathologies, 1 for invasive ventilation, 2 for home NIV,
and 2 for home oxygen. One subject was excluded for both
home NIV and home oxygen. The pre-pathway group in-
cluded 49 subjects, and the post-pathway group in-
cluded 154. There were no differences for age, weight,
gender, home medications, cause of exacerbation, medical
history, or route of admission between groups (Table 1).
Median hospital LOS is included as a run chart (Figure 2).

There were significant decreases between the pre- and
post-pathway groups in median (interquartile range [IQR])
hospital LOS (4.4 [2.9-6.6] versus 2.7 [1.6—4.0] d,
P < .001), median PICU LOS (2.1 [1.3-4.0] versus 1.6
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[0.8-2.4] d, P = .003), and median time on continuous
albuterol 39 [25-85] versus 27 [13-42] h, P = .001).
There was no significant difference between groups for
PICU readmissions (0% vs 0.6%, P = .57). Significantly
more subjects in the post-pathway group were placed on
HFENC (32% vs 6%, P = .001) or NIV (10% vs 4%,
P = .02). Subjects in the post-pathway group had lower
admission heart rate (152 = 19 vs 160 = 18 beats/min,
P = .006) and breathing frequency (39 = 13 vs
45 £ 12 breaths/min, P = .006). There were no statisti-
cally significant differences for S, , F\ , temperature, or
intravenous medication use (Table 2). There were no sta-
tistically significant differences in heart rate, breathing
frequency, S, , or Fj between groups at the time when
continuous albuterol was discontinued.

Given the noted increase in the use of HFNC in the
post-intervention cohort, a propensity score matching anal-
ysis was completed for subjects receiving HFNC. For this
analysis, 91 pathway subjects were matched based on age,
weight, route of admission, home medications, and initial
MPIS. Subjects receiving HFNC had a nonsignificant in-
crease in their median (IQR) hospital LOS, when com-
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Fig. 2. Median hospital length of stay (LOS). RT = respiratory therapist; PICU = pediatric ICU.

pared to subjects on aerosol mask (3.42 [2.41-4.85] vs
2.79 [2.04-3.54] P = .17). Median PICU LOS was 1.93
(IQR 1.18-3.34) versus 1.62 (IQR 1.05-2.26) d (P = .17).
There were no differences found for age, weight, gender,
inhaled corticosteroid use, MPIS, or route of admission
between groups. More subjects in the HENC group (26%
vs 9%, P = .04) took a long-acting 3 agonist and inhaled
corticosteroid at home. Results are summarized in Table 3.

Discussion

For subjects admitted to our PICU with status asthmati-
cus, implementation of an asthma pathway that incorpo-
rated RT-driven weaning of bronchodilators was associ-
ated with significant decreases in overall hospital LOS,
PICU LOS, and duration of continuous albuterol. These
data represent a subset of a larger quality-improvement
report from our institution that evaluated the impact of the
asthma pathway on all children hospitalized with asthma
exacerbations and found a decrease in hospital LOS of
0.6 d.° In our study, we found that the subset of subjects
admitted to the PICU for status asthmaticus spent a me-
dian of 12 fewer hours in the PICU but were discharged
home a median of 1.7 d sooner. Thus, the improvement in
overall hospital LOS in our study was in large part due to
decreased time (median of 1.2 d) on the wards after being
discharged from the PICU. Utilizing the pathway to de-
crease frequency of bronchodilator treatment and provid-
ing clear guidance for discharge criteria likely identified
subjects ready to be discharged sooner. Heart rate and
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breathing frequency were lower in the post-pathway group,
suggesting potentially less severe exacerbations; however,
subjects were also nonsignificantly older, larger, and there
were no differences in adjunctive medication use between
groups. Without a validated scoring system (eg, MPIS) for
the pre-protocol cohort, it was not possible to adequately
evaluate disease severity between the 2 groups.

Our institution uses the same pathway throughout all the
in-patient pediatric areas, and it is likely that our success
was related to a high level of RT and provider buy-in.
There was some resistance initially from clinicians in the
PICU, largely concerned about elevated heart rates related
to continuous albuterol resulting in an MPIS above the
weaning criteria. RTs at our institution are highly auton-
omous, managing mechanical ventilation via institutional
protocol, and are thus experienced in using pathways to
manage patients. Feedback and training were provided dur-
ing the initial rollout as well as periodically since the
pathway was initiated.” The use of the MPIS helped pro-
vide a consistent assessment of each subject’s status and
allowed early detection of subjects who were not respond-
ing to therapy and required escalation in therapy. Prior to
pathway initiation, individual patient management was de-
pendent on physician assessment and order entry. Wean-
ing was often based on subjective criteria such as breath
sounds instead of a validated asthma-scoring system or
objective measures of air-flow obstruction. As part of the
pathway, subjects receiving continuous albuterol therapy
were assessed every 2 h instead of every 4 h as was the
practice prior to pathway introduction. The frequent respi-
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Table 2. Subject Outcomes
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Pre-Pathway Group Post-Pathway Group P
Hospital LOS, d 4.4(2.9-6.6) 2.7 (1.64.0) <.001
Pediatric ICU LOS, d 2.1(1.3-4.0) 1.6 (0.8-2.4) .003
Readmission to pediatric ICU, n (%) 00 1(0.6) 57
Discharged directly from pediatric ICU, n (%) 9 (18) 37 (24) 34
Received continuous albuterol, n (%) 44 (90) 124 (81) 13
Duration of continuous albuterol, h* 39 (25-85) 27 (13-42) .001
Respiratory support during admission, n (%)
High-flow nasal cannula 3(6) 50 (32) .001
Noninvasive ventilation 3(6) 16 (10) .02
Heliox 23 (47) 46 (30) .053
Intubated 0 (0) 2(1) .52
Admission data
Heart rate, beats/min 160 = 18 152 = 19 .006
Frequency, breaths/min 45+ 12 39 13 .006
Temperature, °C 37 =045 37 = 0.49 .56
Spo, 95 +4.3 96 + 3.0 .16
Fio, 0.36 = 0.24 0.42 =0.28 15
MPIS N/A 9 (7-12) N/A
When continuous albuterol discontinued
Heart rate, beats/min 134 =22 135 =22 75
Frequency, breaths/min 3711 34+ 10 .054
Temperature, °C 37 +£0.15 37 +£0.24 57
Spo, 96 = 2.2 97 £ 2.4 .39
Fio, 0.24 £0.12 0.26 = 0.16 .37
MPIS N/A 5 (4-6) N/A

Pre-pathway group, n = 49 subjects; post-pathway group, n = 154 subjects. Data are presented as mean = SD, median (interquartile range), or n (%).

*n =44 of 124 subjects.

LOS = length of stay

MPIS = Modified Pulmonary Index Score
N/A = not applicable

Table 3. Propensity Score Matched Cohort

HFNC Aerosol Mask P

Age, y 7 (4-10) 6 (5-8) .70
Weight, kg 25.4(16.8-43.0) 21.7(17.2-28.2) .24
Gender, n (% male) 24 (51) 28 (64) 23
LABA + ICS, n (%) 12 (26) 49) .040
ICS, n (%) 16 (34) 21 (48) 18
MPIS 11 (9-13) 12 (8-13) 97
Admission route, n (%)

Outside hospital 24 (55) 33 (75) 13

Emergency department 17 (39) 9 (20)

Hospital wards 3(7) 2(5)
Hospital LOS, d 342 (2.41-4.85) 2.79 (2.04-3.54) .17
Pediatric ICU LOS, d 1.93 (1.18-3.34) 1.62(1.05-2.26) .17
Duration of continuous 29 (18-60) 28 (15.5-48) .89

albuterol, h

HENC group, n = 44 subjects; aerosol mask group, n = 47 subjects. Data are presented as

median (interquartile range) or n (%).
LABA = long-acting 3 agonist

ICS = inhaled corticosteroid

MPIS = Modified Pulmonary Index Score
LOS = length of stay
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ratory assessments likely identified patients eligible to be
weaned sooner, and the RTs’ ability to immediately act on
that assessment without a separate order expedited the
weaning process. Although the increased frequency of as-
sessment increased RT work load, the RTs were able to
incorporate the pathway into daily practice without an in-
crease in the number of RTs staffing the PICU, likely due
to the high level of buy-in. Use of RT resources was not
measured as part of our project; however, this is an im-
portant consideration for future projects.

There are limited data to date evaluating the use of
asthma pathways in the PICU environment. Brennan et al'4
evaluated a de-escalation pathway in a quality-improve-
ment project designed to decrease variability in PICU LOS
in a tertiary PICU. Their pathway reduced median PICU
LOS by 3 h, duration of continuous albuterol by a median
of 3.5 h, and hospital LOS by 6 h. With our pathway, we
observed a larger impact, with the median PICU LOS
decreasing by 0.5 d (12 h), duration of continuous albu-
terol by 10 h, and median overall hospital LOS by 1.7 d.
Their study did not include vital sign data or other thera-
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pies delivered, so it is challenging to compare our results.
Our baseline LOS was longer than they reported, thus we
may have had a larger opportunity for improvement. No-
tably, our primary outcome was total hospital LOS, whereas
they focused on reducing variability in clinical practice.
Other studies have enrolled subjects outside the PICU,10:12
only included 9% of subjects admitted to PICU,!! or did
not report the proportion of subjects admitted to PICU.!3

After the implementation of this pathway, we noted
increases in HFNC and NIV use; the impact of these ad-
junctive therapies on our outcome measures is unclear. We
have observed clinically an increased tendency to place
patients on HFNC immediately upon arrival in our PICU,
both for disease severity and for patient comfort. We were
unable to determine retrospectively whether subjects were
placed on HFNC due to mask intolerance or respiratory
distress, but, given that HFNC and NIV use were higher
post-protocol despite lower heart rates and breathing fre-
quencies, this likely reflects clinician bias toward early
initiation of HFNC. Our propensity analysis revealed that
HENC was associated with a non-statistically significant
longer LOS when compared to aerosol face mask. Thus,
an increase in HFNC use post pathway implementation is
unlikely to explain decreases in PICU and hospital LOS.
To date, no randomized, controlled trials of HFNC or NIV
in pediatric asthma have been performed in the PICU. The
effects of HFNC on aerosol delivery and escalation of
therapy remains controversial.!®-22

The role of NIV in pediatric asthma is also unclear due to
lack of data from high-quality randomized, controlled trials.
Published data indicate that it is safe, it decreases respiratory
distress, and it is associated with lower rates of endotracheal
intubation.?3-2¢ The small increase in NIV use in the post-
pathway group may have been due to improved identification
of those failing to respond to other therapies, but we were
unable to capture specific reasons why subjects were placed
on NIV. It is likely that the difference was due to chance and
does not represent a true change in practice as we have used
NIV frequently in asthma for many years prior to develop-
ment of the pathway.

Limitations

This study has several limitations. As a retrospective
review, we were limited to data available in the medical
record, including a limited pre-pathway sample size. Fac-
tors other than the pathway may have contributed to the
results. In particular, an increase in HFNC and NIV use
may be significant confounders, despite the propensity anal-
ysis suggesting otherwise. The admission heart rates and
breathing frequencies were statistically significantly lower
in the post-intervention group, which may have indicated
that their asthma exacerbations were less severe. However,
the absolute differences in these vital signs between the
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2 groups were small, and baseline saturations and oxygen
requirements were similar. We did not measure costs or
the effect on RT work load in the PICU. PICU LOS is
heavily influenced by bed availability, and many of our
subjects were discharged directly from the PICU. Finally,
there are no standardized PICU discharge criteria for pa-
tients with asthma.

Conclusion

The implementation of an RT-driven asthma pathway
was associated with decreased hospital LOS, PICU LOS,
and time on continuous albuterol for patients admitted to
the PICU with status asthmaticus.
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