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BACKGROUND: Use of negative-pressure ventilation is neither well described nor widespread in
pediatric critical care; existing data are from small, specialized populations. We sought to describe
a general population of critically ill subjects with acute respiratory failure supported with negative-
pressure ventilation to find predictors of response or failure. METHODS: We conducted a retro-
spective cohort study of subjects 0–18 y old admitted to a single (non-cardiac) pediatric ICU who
received acute respiratory failure support via negative-pressure ventilation from May 2015 through
May 2016. RESULTS: In 118 subjects, the most common causes of acute respiratory failure were
viral bronchiolitis (86.4%) and pneumonia (15.3%). A majority of subjects (68.6%) stabilized with
negative-pressure ventilation and did not need a change of respiratory support; in those who failed
with negative-pressure ventilation, median time to respiratory support change was 5.1 h (inter-
quartile range 1.9–11.0). Subjects stabilized with negative-pressure ventilation did not differ from
those needing a change of respiratory support in terms of age, comorbidities, or FIO2

at initiation
of ventilation. Compared to those who did not respond to negative-pressure ventilation, mean
SpO2

/FIO2
was higher at 1 h after start of negative-pressure ventilation (218.8 vs 131.7) in those who

did respond. Subjects with SpO2
/FIO2

< 192 after 1 h on negative-pressure ventilation support had
5-fold higher odds of needing a respiratory support change (odds ratio 5.143, 95% CI 1.17–22.7,
P � .031). Analysis of SpO2

/FIO2
was limited by 81.3% (96/118) of subjects who had an SpO2

> 97%
at 1 h after the start of negative-pressure ventilation. CONCLUSIONS: Negative-pressure venti-
lation successfully supported 69% of pediatric subjects with all-cause acute respiratory failure.
Oxygen requirement was lower in subjects who were responsive to negative-pressure ventilation
within 1 h of initiation. Standardized negative-pressure ventilation protocols should include wean-
ing of supplemental oxygen to determine responsiveness. Key words: respiratory failure; pediatrics;
negative-pressure ventilation; biphasic cuirass ventilator; artificial respiration. [Respir Care 0;0(0):1–•.
© 0 Daedalus Enterprises]

Introduction

Negative-pressure ventilation, a mode of noninvasive
mechanical ventilation (NIV), applies sub-atmospheric
pressures to the chest to augment the natural intrathoracic

pressure generated during spontaneous breathing.1 Mod-
ern negative-pressure ventilation devices (eg, the biphasic
cuirass ventilator) are smaller, less obstructive to clinical
assessments and care, and less detrimental to hemodynam-
ics than the original negative-pressure ventilator, the iron
lung.

Negative pressure ventilators, such as the biphasic cui-
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to increase transpleural pressure and recruit areas of atel-
ectasis while improving preload to the heart.2 In neonatal
models, this led to dilation of the pulmonary capillaries
and improved ventilation-perfusion matching.3 The bipha-
sic cuirass ventilator can also apply positive pressure onto
the chest wall to augment lung recoil and assist exhalation.
This active exhalation is unique to the biphasic cuirass
ventilator when compared to other forms of invasive or
NIV currently in use.

Early studies found that the biphasic cuirass ventilator
decreased FIO2

requirements and increased PCO2
clearance

within hours, and its use was associated with lower like-
lihood of intubation in small pediatric populations.2,4 In
the largest pediatric negative-pressure ventilation study to
date, 70% of 233 critically ill subjects treated with a bi-
phasic cuirass ventilator in a single pediatric ICU had
resolution of acute respiratory failure with negative-pres-
sure ventilation with a 3% complication rate.5

As proven in other forms of NIV, ways to detect treat-
ment response are crucial before widespread application of
negative-pressure ventilation in critically ill patients can
be recommended.6 For example, adults using bilevel pos-
itive airway pressure intubated within 12 h had lower hos-
pital mortality than those whose intubation was delayed
past that point.7 Noninvasive measures such as SpO2

/FIO2

have been successful in other populations in predicting
NIV failure.8

After more than 5 years of negative-pressure ventilation
use in our center, the biphasic cuirass ventilator is the most
commonly used NIV device for pediatric acute respiratory
failure. This robust, single-center experience provides an
opportunity for research to inform other centers and pro-
tocol development. We performed this study to determine
if early objective variables predicted response to negative-
pressure ventilation support. In addition, negative-pressure
ventilation use is not standardized in our institution be-
cause pediatric data to guide protocol development are
lacking, specifically related to negative-pressure ventila-
tion settings and triggers for escalation or weaning. There-
fore, this study also served to collect data for protocol
development.

Methods

This retrospective cohort study included all patients
� 19 y of age admitted to Women and Children’s Hospi-
tal, Buffalo, New York, a 20-bed pediatric ICU, with acute
respiratory failure supported by negative-pressure ventila-
tion over 1 year (May 2015 to May 2016). The time frame
was chosen to follow a previous cohort study as a valida-
tion dataset for a model to predict intubation.5 The only
exclusion criterion was negative-pressure ventilation use
for chest physiotherapy only. The Institutional Review

Board of the University at Buffalo approved this study
with a waiver of consent.

Respiratory Support Modalities

Support for pediatric acute respiratory failure in our
hospital during the study period began with high-flow na-
sal cannula (HFNC) in the emergency room or on the
pediatric floor, and negative-pressure ventilation was added
if a subject were to clinically worsen. In all subjects, neg-
ative-pressure ventilation was added to HFNC because
negative-pressure ventilation cannot deliver supplemental
oxygen. Therefore, the data before initiation of negative-
pressure ventilation reflect the support provided with
HFNC, whereas data after the addition of negative-pres-
sure ventilation reflect the effect of simultaneous support
from negative-pressure ventilation and HFNC. Because
there was no protocol in place for weaning FIO2

while on
HFNC in our institution, supplemental oxygen was titrated
for low SpO2

values and often not weaned for excessive
SpO2

values.
If a subject did not respond to negative-pressure venti-

lation, other noninvasive modalities included nasal inter-
mittent positive-pressure ventilation via a cannula, CPAP,
or bilevel positive airway pressure via face mask or nasal
interfaces. Subjects who failed negative-pressure ventila-
tion were placed more frequently on invasive mechanical
ventilation instead of other NIV modalities.

Negative-Pressure Ventilation Strategies

As previously mentioned, our institution did not have
protocols dictating initiation, titration, or weaning of neg-

QUICK LOOK

Current knowledge

Negative-pressure ventilation provides respiratory sup-
port by augmenting the strength of the chest wall. Newer
devices are available but are not used widely in pedi-
atric critical care despite possible advantages over other
noninvasive or invasive respiratory modalities.

What this paper contributes to our knowledge

In a single-center retrospective cohort study of a het-
erogeneous pediatric population with acute respiratory
failure, a majority of children supported with negative-
pressure ventilation did not escalate to intubation. Chil-
dren who responded to negative-pressure ventilation
had lower oxygen requirements within the first hour
compared to those who went onto more support; how-
ever, supplemental oxygen was not weaned routinely.

NEGATIVE PRESSURE VENTILATION IN PEDIATRIC RESPIRATORY FAILURE

2 RESPIRATORY CARE • ● ● VOL ● NO ●

RESPIRATORY CARE Paper in Press. Published on “October 1, 2019 as DOI: 10.4187/respcare.07020

Copyright (C) 2019 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



ative-pressure ventilation. The only existing institutional
protocol during this study relating to negative-pressure
ventilation was scheduled assessment for skin breakdown
at contact sites with the chest cuirass, performed every 4 h
by a respiratory therapist and bedside nurse. Practices re-
lated to sedation, nutrition, laboratory studies, and the bi-
phasic cuirass ventilator pressure settings were dictated by
the discretion of pediatric critical care providers.

The biphasic cuirass ventilator used was the Hayek RTX
respirator (Hayek Industries, London, United Kingdom). It
applies a plastic shell, or cuirass, over the anterior chest
wall from the sternal notch to the top of the abdomen and
across to each mid-axillary line. The cuirass seals to the
chest with a disposable foam rim. It has two available
modes. Continuous negative extrathoracic pressure, the
most common mode, is similar to CPAP, holding a con-
tinuous negative pressure against the chest wall, typically
ranging from �8 to �24 cm H2O. Control mode, which is
akin to bilevel positive airway pressure, alternates nega-
tive pressure with positive pressure to force chest wall
recoil, assisting in expiration. Control pressures are titrated
in a 3:1 ratio typically (eg, �18 to �6 cm H2O. Control
mode delivers these pressures at a mandatory frequency
set higher than the patient’s spontaneous frequency and
cannot synchronize with patient efforts. Because there is
no interface with the mouth or nose, the biphasic cuirass
ventilator cannot provide supplemental oxygen. HFNC was
left in place and flows and FIO2

were not routinely weaned
at the time of biphasic cuirass ventilator start.

Data Collection

Data collected include demographics, past medical his-
tory, admission diagnosis, comorbidities (ie, history of
asthma or reactive airways, chronic lung disease, or pre-
maturity using physician documentation of these condi-
tions), vital signs, any available blood gas results, and
level of respiratory support 1 h prior to and 1, 4, 8, and
12 h after initiation of negative-pressure ventilation. A
previous study5 of negative-pressure ventilation in similar
pediatric populations reported median time to negative-
pressure ventilation failure of � 7 h; therefore, data col-
lection regarding predictor variables stopped at 12 h after
start of negative-pressure ventilation. The primary out-
come was negative-pressure ventilation failure, which was
defined as a change in respiratory support from negative-
pressure ventilation as determined by providers at the time.
Secondary outcomes included previously reported and the-
oretical complications of negative-pressure ventilation,
such as hypothermia, skin breakdown, pneumothorax, gas-
troesophageal reflux, delayed enteral nutrition (� 48 h),
and agitation requiring sedation.5

Statistical Analysis

Appropriate measures of central tendency and compar-
ison testing were used after Kolmogorov-Smirnov testing
for normality of data. Regression modeling adjusted the
measures of association for confounders and formed pre-
diction models. Area under the receiver operating charac-
teristic curves tested power to predict outcomes. Analyses
were performed with SPSS 24 (IBM, Armonk, New York)
with significance defined as P � .05.

Results

The study population consisted of 118 subjects aged
1–192 months who were supported with negative-pressure
ventilation for acute respiratory failure for any cause (Ta-
ble 1). Eighty-one subjects (68.6%) stabilized with nega-
tive-pressure ventilation and did not need intubation or a
change in respiratory support. In those who did not stabi-
lize with negative-pressure ventilation, failure occurred at
a median of 5.1 h (IQR 1–3, 1.9–11.0); 30 subjects re-
quired intubation (81% of subjects were did not respond to
negative-pressure ventilation; 25.4% of all subjects). The
remaining 7 subjects were rescued with bilevel positive
airway pressure or a nasal cannula. The only differences in
baseline characteristics of subjects responsive to negative-
pressure ventilation compared to those who required a
different mode of ventilation were proportion with upper
airway pathology and PRISM score. Having a history of
upper airway pathology or narrowing increased the odds
of negative-pressure ventilation failure 6-fold (odds ra-
tio 6.016, 95% CI 1.109–32.629, P � .038). There were
no reported cases of intrathoracic airway narrowing, such
as tracheo- or bronchomalacia.

Predictor Variables for Negative-Pressure Ventilation
Response

There were no differences in the baseline clinical vari-
ables between subjects who responded and those who did
not respond to negative-pressure ventilation, with the ex-
ception of initial venous pH (Table 1).

Within an hour of initiation of negative-pressure venti-
lation, mean FIO2

was lower in those responsive to this
ventilation than those who required escalation (0.47 � 0.18
vs 0.56 � 0.26, P � .02), and this value remained lower
at 4, 8, and 12 h (Fig. 1). Having a FIO2

� 0.60 at 1 h
carried 74.1% specificity, 32.4% sensitivity, and a negative
predictive value of 72.3% for negative-pressure ventilation
response. If using FIO2

at 1 h to predict negative-pressure
ventilation failure, the area under the curve–receiver operat-
ing characteristic was 0.603, 95% CI 0.490–0.715, P � .08
(Fig. 2).
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Fig. 1. Trend in mean FIO2
after start of negative-pressure ventilation over time (in hours) in subjects who did and did not require a change

in respiratory support. *Differences reached statistical significance as defined by P � .05 via independent sample t tests comparing the
mean FIO2

between groups. NPV � negative-pressure ventilation.

Table 1. Characteristics for Subjects With Acute Respiratory Failure From Any Cause Supported With Negative-Pressure Ventilation

Variable All Subjects
Responded to Negative-

Pressure Ventilation
Failed Negative-

Pressure Ventilation*
P

Demographic variables at admission
Age, months 12 (5.7–21.3) 12 (5–20) 14 (4–32.5) .38
Male 71 (60.2) 51 (63) 20 (54.1) .36
Weight, kg 9.6 (6.9–11.6) 10 (7.5–11.6) 9.3 (5.9–13.8) .46
PRISM score 0 (0–3) 0 (0–2) 3 (0–5.3) .01
Acute respiratory failure from bronchiolitis 102 (86.4) 70 (86.4) 32 (86.5) .99
RSV positive 51 (43.2) 36 (44.4) 15 (40.5) .69
Chronic lung disease 13 (11.0) 6 (7.4) 7 (18.9) .064
Reactive airways disease 37 (31.3) 27 (33.3) 10 (27) .28
Upper airway obstruction 7 (5.9) 2 (2.5) 5 (13.5) .02
Gastroesophageal reflux 12 (10.2) 6 (7.4) 6 (16.2) .14
Neuromuscular disorder 3 (2.5) 2 (2.5) 1 (2.7) .94

Clinical variables 1 h prior to start of negative-
pressure ventilation

Initial venous pH† 7.34 � 0.08 7.37 � 0.05 7.29 � 0.09 .009
Initial venous PCO2

, mm Hg† 44 � 9.7 42 � 6.6 49 � 13.2 .066
Heart rate, beats/min 148 � 26 146 � 27 154 � 23 .12
Breathing frequency, breaths/min 54 � 15 55 � 14 54 � 16 .78
SpO2

� 97% 38 (32.2) 25 (30.9) 13 (35.1) .65
FIO2

0.49 � 0.23 0.48 � 0.20 0.53 � 0.27 .25
SpO2

/FIO2
‡ 206.7 � 87.1 205.9 � 87 208.1 � 90.9 .94

Outcomes
Pediatric ICU length of stay, d 3.4 (2.2–7.0) 2.5 (2–4.1) 10.6 (4.7–18.1) � .001
Hospital length of stay, d 5.7 (3.8–10.6) 4.8 (3.6–7.6) 12.9 (7.4–24.2) � .001
Hypothermia (� 35°C) 2 (1.7) 2 (2.5) 0 .34
Sedation while on negative-pressure ventilation 94 (79.7) 70 (86.4) 24 (64.9) .007
Delayed enteral nutrition 44 (37.3) 34 (42) 10 (27) .12

Data are presented as n (%), median (interquartile range), or mean � SD where appropriate. All Subjects: N � 118; Responded to Negative-Pressure Ventilation: n � 81 subjects; Failed Negative-
Pressure Ventilation: n � 37 subjects. P values were obtained using chi-square, Mann-Whitney U, or t tests where appropriate.
* Defined as requiring other forms of noninvasive ventilation or invasive positive-pressure ventilation.
† Blood gas data only available on 29 subjects.
‡ SF ratio calculated on the 38 subjects with a SpO2 � 97%.
PRISM � pediatric risk of mortality score
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Without a FIO2
weaning protocol, the majority of sub-

jects had a SpO2
� 97% at every time point measured. The

proportion of subjects with a SpO2
� 97% before negative-

pressure ventilation initiation was 67.8% (80/118), and
this increased to 81.4% (96/118) at 1 h after starting neg-
ative-pressure ventilation support. Calculating SpO2

/FIO2

only in those subjects with SpO2
� 97% (n � 22) did show

separation between negative-pressure ventilation respond-
ers (213.8 � 81.8) compared to those with negative-pres-
sure ventilation failure (181.9 � 80.3) at 1 h after start of
negative-pressure ventilation; this did not reach statistical
significance (P � .40).

Using SpO2
/FIO2

at 1 h to predict negative-pressure venti-
lation response did have better predictive power than FIO2

at
1 h, area under the curve–receiver operating characteris-
tic � 0.702 (95% CI 0.503–0.900, P � 0.050) (Fig. 3). The
optimal coordinate on this curve was SpO2

/FIO2
� 192, with

72% specificity and 67% sensitivity for negative-pressure
ventilation failure with a negative predictive value of 81.8%
for negative-pressure ventilation failure. The unadjusted
odds of negative-pressure ventilation failure in those with
SpO2

/FIO2
� 192 at 1 h was 5.143 (95% CI 1.17–22.7,

P � 0.031). After adjusting for age and sex, the odds of
negative-pressure ventilation failure with SpO2

/FIO2
� 192 at

1 h was 3.953 (95% CI 0.844–18.521, P � .08).
Blood gas data were available for 29 (24.5%) sub-

jects. Subjects responsive to negative-pressure ventila-
tion tended to have lower venous PCO2

values at a base-
line (42 � 6.6 mm Hg vs 49 � 13.2 mm Hg, P � .066)
and through 8 h after start of negative-pressure venti-
lation. This difference was significant at 1 h after initia-

tion when responsive subjects had a mean venous PCO2
of

42 � 7.4 mm Hg, whereas those with negative-pressure
ventilation failure had a mean venous PCO2

of 55 �
19.7 mm Hg, P � .03.

Subgroup Analysis of Subjects With Bronchiolitis

To determine if certain predictors existed for a more
homogenous subject population, we performed a second-
ary analysis of subjects with bronchiolitis excluding those
with a history of upper airway disease (n � 96) (Table 2).
A larger proportion of subjects with negative-pressure ven-
tilation failure (6/29, 21%) had a history of chronic lung
disease compared to those who responded to negative-
pressure ventilation (4/67, 6%) (P � 0.030). Of the viruses
identified, respiratory syncytial virus was the most com-
mon (n � 51, 53.1%), followed by human metapneumo-
virus (n � 10, 10.4%). There was no difference in nega-
tive-pressure ventilation response based on the viral source:
respiratory syncytial virus (P � .69), human metapneu-
movirus (P � .54), adenovirus (P � .41), influenza
(P � .49), or parainfluenza (P � .14).

Blood gas data were available for 20 subjects in this sec-
ondary analysis: 19.4% (13/67) of subjects who responded to
negative-pressure ventilation, and 24.1% (7/29) of subjects
who did not respond to negative-pressure ventilation. Mean
initial pH was higher in negative-pressure ventilation respond-
ers than in non-responders (7.38 � 0.05 vs 7.33 � 0.05,
P � .042). Initial venous PCO2

tended to be lower in respond-
ers, but the difference did not reach statistical significance
(41 � 6 mm Hg vs 50 � 15 mm Hg, P � .062).
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Fig. 2. Receiver-operator characteristic curve to predict negative-
pressure ventilation response by FIO2

as supplied by high-flow
nasal cannula after the first hour that subjects were supported by
negative-pressure ventilation. Area under the curve � 0.603,
95% CI 0.490–0.715, P � .08.
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Fig. 3. Receiver-operator characteristic curve to predict response
to negative-pressure ventilation support by SpO2

/FIO2
at 1 hour

after start of negative-pressure ventilation (including only those
subjects with an SpO2

� 97%). Area under the curve � 0.702,
95% CI 0.503–0.900, P � .050.
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Initial FIO2
was similar between the groups but diverged

at 1 h: 0.43 � 0.15 in those who responded to negative-
pressure ventilation versus 0.51 � 0.22 in non-responders
(P � .048). In bronchiolitis, FIO2

at 1 h had fair predic-
tive power for failure of negative-pressure ventilation (ie,
area under the curve–receiver operating characteris-
tic � 0.612, 95% CI 0.495–0.729, P � .07). With similar
baseline values before negative-pressure ventilation, the
mean SpO2

/FIO2
at 1 h tended to be higher in those who

responded to negative-pressure ventilation (250.4 vs 218.4,
P � .058).

Safety Data

In all subjects, the complication rate of negative-pres-
sure ventilation was 1.7% (ie, 2 cases of hypothermia in
neonates). There were no instances of pneumothorax or
breakdown in the skin from the foam ring around the
cuirass. There was no reported gastroesophageal reflux or
vomiting, including those receiving enteral nutrition while
negative-pressure ventilation was in place (5 subjects were
fed by mouth, 3 via gastric tube).

Eighty percent of subjects on negative-pressure venti-
lation support received continuous sedation (dexmedeto-
midine), with a lower proportion of those with negative-
pressure ventilation failure receiving sedation. This was
likely because of the shorter duration of negative-pressure
ventilation. There was no difference in the proportion with
delayed enteral nutrition between the groups.

Discussion

Our results show that the majority of pediatric subjects
with all-cause acute respiratory failure responded to neg-
ative-pressure ventilation without a need for intubation or
transition to other forms of noninvasive support. The bi-
phasic cuirass ventilator had a low complication rate and a
response rate equivalent to other forms of NIV,9 with the
exception of subjects with upper airway pathology. Be-
cause the interface allows for suctioning and oral intake
and a rescue rate comparable to other forms of NIV, this
modality should be considered a viable option for wide-
spread use. Although we were unable to identify definitive
objective predictors of negative-pressure ventilation fail-

Table 2. Characteristics for Subjects With Acute Respiratory Failure From Viral Bronchiolitis Supported With Negative-Pressure Ventilation

Variable
Responded to Negative-

Pressure Ventilation
Failed Negative-

Pressure Ventilation*
P

Demographic variables at admission
Age, mo 9 (5–16) 10.5 (5.5–16.3) .60
Male 43 (64) 15 (52) .25
Weight, kg 9.0 (6.9–10.8) 8.9 (5.9–10.4) .39
PRISM score 0 (0–2) 0 (0–5.5) .11
Chronic lung disease 4 (6) 6 (20.7) .030
Days of illness at presentation, d 3 (2–4.5) 3 (2–4) .23
Neuromuscular disorder 1 (1.5) 0 � .99

Clinical variables 1 h prior to start of
negative-pressure ventilation

Venous pH† 7.38 � 0.05 7.33 � 0.05 .042
Venous PCO2

, mm Hg† 41 � 6 50 � 15 .062
SpO2

� 97% 17 (25.4) 9 (31) .57
FIO2

0.46 � 0.19 0.49 � 0.25 .42
SpO2

/FIO2
‡ 245.4 � 83 233.9 � 81 .53

Clinical variables 1 h after start of
negative-pressure ventilation

Venous pH§ 7.36 � 0.06 7.31 � 0.07 .09
Venous PCO2

, mm Hg§ 41 � 8 53 � 20 .09
SpO2

� 97% 9 (13.4) 5 (17.2) .63
FIO2

0.43 � 0.15 0.51 � 0.22 .048
SpO2

/FIO2
‡ 250.4 � 78 218.4 � 67.4 .058

Data are presented as n (%), median (interquartile range), or mean � SD where appropriate. Responded to Negative-Pressure Ventilation: n � 67 subjects; Failed Negative-Pressure Ventilation:
n � 29 subjects. P values were obtained using chi-square, Fisher exact, Mann-Whitney U, or t tests where appropriate.
* Defined as requiring other forms of noninvasive ventilation or invasive positive-pressure ventilation after start of negative-pressure ventilation.
† Blood gas data available for 15 subjects who responded to negative-pressure ventilation (22.4%) and 7 subjects who did not respond to negative-pressure ventilation (24.1%).
‡ SpO2/FIO2 calculated for the 22 subjects with SpO2 � 97%.
§ Blood gas data at 1 h after start of negative-pressure ventilation available on 11 subjects who responded to negative-pressure ventilation (16.4%) and 9 subjects who did not respond to negative-
pressure ventilation (31%).
PRISM � pediatric risk of mortality score
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ure using this cohort, our results suggest these predictors
exist.

As seen in published HFNC scoring systems that rely
heavily on symptoms like retractions, signs of progressing
pediatric acute respiratory failure have largely remained
subjective.10 Our results imply that objective differences
could exist if assessments of gas exchange were made
more often in children with acute respiratory failure. Even
with limited blood gas and SpO2

/FIO2
data, there were dif-

ferences in gas exchange in those responding to and those
failing NIV within the first hour of support. These findings
are consistent with our previous negative-pressure venti-
lation data5 and other NIV studies.9,11 In a large, multi-
center trial of 5,847 adults with acute hypoxemic respira-
tory failure, PaO2

:FIO2
� 146 after 1 h of NIV was associated

with 2-fold higher odds of NIV failure (odds ratio 2.51,
95% CI 1.45–4.35).9 In the subset of subjects in whom
SpO2

/FIO2
was calculable, we found double those odds for

children with acute respiratory failure receiving negative-
pressure ventilation support using SpO2

/FIO2
at 1 h. Other

studies have reported a failure to reduce the PaCO2
in 1 h

after NIV start as an important sign of NIV failure.12,13

Our limited blood gas data suggest similar is true for pe-
diatric subjects supported by negative-pressure ventilation.

Biologic plausibility exists for these findings. NIV, un-
like HFNC, augments transpleural pressure to allow re-
cruitment of areas of atelectasis, thus leading to optimal
pulmonary blood flow and correction of ventilation/perfu-
sion mismatch. Whether accomplished with positive pres-
sure via face mask or negative pressure on the chest wall,
both bilevel positive airway pressure and negative-pres-
sure ventilation restore functional residual capacity and
improve lung function. As in other pulmonary disease states
like ARDS, severity of lung disease is described by sur-
rogates of lung function (ie, gas exchange). If negative-
pressure ventilation can improve lung function through
recruitment, then gas exchange in the form of SpO2

/FIO2

and PCO2
should improve. Our data, like others, indicate

that this happens within 1 h of initiation of support.
Infrequent measurements of PCO2

and failure to wean
supplemental oxygen in the majority of subjects restricted
our sample size. Lack of blood gas data were not surpris-
ing because serial blood gas measurements are not stan-
dard of care in children with bronchiolitis due to its low
disease acuity, excellent overall prognosis, and low mor-
tality rate. This is likely why current scoring systems in
this disease process remain subjective, as mentioned above.
Our findings related to supplemental oxygen have revealed
an opportunity for practice improvement that was not ap-
parent at the onset of this study. Although only one fourth
of the cohort had blood gas data, an even smaller propor-
tion were weaned with high SpO2

levels to allow for accu-
rate SpO2

/FIO2
calculations. In addition to avoiding unnec-

essary oxygen exposure, making standardized oxygen

weaning protocols could reveal the subset of patients who
would benefit from more regular blood gas measurements
or earlier escalation of respiratory support. Our results
illustrate the ubiquitous practice of supplemental oxygen
administration, with our pediatric ICU as an example for
other centers. In an era of stewardship and conscious ap-
plication of therapies to limit morbidity, our dataset em-
phasizes the importance to assess with reliable markers of
clinical status, such as blood gas measurement, and to
wean potentially dangerous therapies, such as supplemen-
tal oxygen.

Our findings are limited by the retrospective and single-
center nature of this study. Without set protocols to obtain
blood gases or to wean oxygen, clinical behaviors likely
created a selection bias. Because FIO2

was likely to be
increased and blood gas data were obtained in sicker sub-
jects, this could have led to an overestimation of the true
measure of association. Larger prospective studies with
consistent sampling and protocolized weaning of oxygen
in subjects supported with negative-pressure ventilation
are needed to validate these findings.

Conclusions

Negative-pressure ventilation successfully supported
69% of pediatric subjects with all-cause acute respiratory
failure with a complication rate � 2%. Oxygen require-
ment was lower in subjects who were responsive to neg-
ative-pressure ventilation within 1 h of initiation. Stan-
dardized protocols for titration of negative-pressure
ventilation should include weaning of supplemental oxy-
gen and routine blood gas measurements to guide prompt
escalation of care.
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