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Noninvasive Ventilation for Pediatric Acute
Respiratory Distress Syndrome: Experience
From the 2016/2017 Pediatric Acute
Respiratory Distress Syndrome Incidence and
Epidemiology Prospective Cohort Study*

OBIJECTIVES: The worldwide practice and impact of noninvasive ventilation
(NIV) in pediatric acute respiratory distress syndrome (PARDS) is unknown. We
sought to describe NIV use and associated clinical outcomes in PARDS.

DESIGN: Planned ancillary study to the 2016/2017 prospective Pediatric Acute
Respiratory Distress Syndrome Incidence and Epidemiology study.

SETTING: One hundred five international PICUs.

PATIENTS: Patients with newly diagnosed PARDS admitted during 10 study
weeks.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Children were categorized by their
respiratory support at PARDS diagnosis into NIV or invasive mechanical ventila-
tion (IMV) groups. Of 708 subjects with PARDS, 160 patients (23%) received
NIV at PARDS diagnosis (NIV group). NIV failure rate (defined as tracheal in-
tubation or death) was 84 of 160 patients (53%). Higher nonrespiratory pedi-
atric logistic organ dysfunction (PELOD-2) score, Pao,/Fio, was less than 100 at
PARDS diagnosis, immunosuppression, and male sex were independently asso-
ciated with NIV failure. NIV failure was 100% among patients with nonrespiratory
PELOD-2 score greater than 2, Pao,/Fio, less than 100, and immunosuppression
all present. Among patients with Pao,/Fio, greater than 100, children in the NIV
group had shorter total duration of NIV and IMV, than the IMV at initial diagnosis
group. We failed to identify associations between NIV use and PICU survival in a
multivariable Cox regression analysis (hazard ratio 1.04 [95% ClI, 0.61-1.80]) or
mortality in a propensity score matched analysis (p = 0.369).

CONCLUSIONS: Use of NIV at PARDS diagnosis was associated with shorter
exposure to IMV in children with mild to moderate hypoxemia. Even though risk of
NIV failure was high in some children, we failed to identify greater hazard of mor-
tality in these patients.

KEY WORDS: immunosuppression; mechanical ventilation; pediatric critical
care; respiratory distress; tracheal intubation

with severe bronchiolitis in PICUs has been associated with an impor-
tant reduction in the use of invasive mechanical ventilation (IMV) (1).
For many other pediatric respiratory conditions, NIV has now become the
primary modality of respiratory support in the PICU (2, 3) with the goal
to prevent tracheal intubation and complications related to IMV and deeper

] : or over two decades, use of noninvasive ventilation (NIV) for patients
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7 N
@\ RESEARCH IN CONTEXT

e The worldwide use of noninvasive ventilation
(NIV) in pediatric acute respiratory distress syn-
drome (PARDS) is unknown.

e NIV may prevent tracheal intubation in some
patients, but in others its use may contribute to
lung injury (i.e., in the case of reduced unload-
ing of high patient effort) or instability due to NIV
failure.

e The characteristics of PARDS patients who
may benefit from NIV, rather than be harmed, is
also uncertain.

. J

sedation (4). However, NIV is also associated with
potential risks related to delay in securing the airway,
intolerance of the interface, and reduced unloading
of high patient effort possibly contributing to lung in-
jury (5). Failure of NIV is associated with increased
mortality and longer duration of IMV (6, 7). Over
20 years ago, patients with immunosuppression and
acute respiratory distress syndrome (ARDS) were
considered good candidates for NIV trials as mor-
tality rates with IMV support was high (8). Although
NIV is often used in children with immunosuppres-
sion and pediatric ARDS (PARDS), NIV failure is
common and there is little new evidence supporting
this practice (9).

The severity of hypoxemia is a major risk factor for
NIV fajlure (10, 11). In the last 10 years, NIV failure
in children with severe PARDS has been reported to
exceed 50% (11-13). Therefore, it is crucial to identify
additional characteristics of hypoxemic children where
thelikelihood of NIV failure is high, and the risk of NIV
may outweigh potential benefits. Recently, the second
Pediatric Acute Lung Injury Consensus Conference
(PALICC-2) highlighted the limited evidence on NIV
use in PARDS, emphasizing the need for further re-
search (14, 15). Therefore, as a planned ancillary study
of the 2016/2017 Pediatric Acute Respiratory Distress
Syndrome Incidence and Epidemiology (PARDIE)
study (16), we aimed to describe contemporary use of
NIV in PARDS. Our three objectives were as follows:
1) to describe the characteristics associated with use
of NIV, rather than use of IMV, at the initial diagnosis
of PARDS; 2) to identify factors associated with NIV
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failure; and 3), to explore the association between NIV
use and mortality and duration of ventilatory support.

MATERIAL AND METHODS
Study Design

PARDIE was a prospective, observational, cohort
study carried out in 145 international PICUs (17).
The study enrolled children with a new diagnosis of
PARDS—according to the 2015 PALICC criteria—
during 10 distinct weeks between May 2016 and June
2017. Detailed methods are published elsewhere (16).
The Children’s Hospital Los Angeles Institutional
Review Board (CHLA 16-0043) approved the study,
titled “Pediatric ARDS Incidence and Epidemiology
(PARDIE)” on February 8, 2016, and procedures were
followed in accordance with the ethical standards
of the responsible committee and with the Helsinki
Declaration of 1975. All PARDIE patients were in-
cluded in the current study and categorized based on
the respiratory support used at the time of PARDS
diagnosis, NIV or IMV. In accordance with the 2015
PALICC guidelines, in patients on NIV, only those
with a full-face mask interface and either continuous
positive airway pressure (CPAP) greater than or equal
to 5cm H, o, or bilevel ventilation were eligible to be
diagnosed with PARDS (17).

Data Collection

Patient characteristics and respiratory parameters were
collected for the first 3 days. Oxygenation severity was
classified at the time of PARDS diagnosis according to
the Berlin Pao, to F10, strata: less than 100 mm Hg (se-
vere), 101-200mm Hg (moderate), and 201-300 mm
Hg (mild), or their equivalent using the ratio of pulse
oximetry oxygen saturation (Spo,) to F10, (Spo_/F10,)
strata (16, 17). NIV failure was defined as the occur-
rence of tracheal intubation or death in the PICU,
whichever occurred first.

Statistical Analysis

The characteristics and outcomes of patients were re-
ported using the median (interquartile range, IQR) or
mean * sD, then compared using Wilcoxon rank-sum
or Student ¢ tests. Categorical variables were reported
using number (percentage) and compared using Chi-
square or Fisher exact tests. Details of the analysis plan
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are provided in Supplemental methods (http://links.
Iww.com/PCC/C386).

To assess risk factors for NIV failure in the NIV
group, we conducted univariate generalized estimat-
ing equation (GEE) analyses with failure as the de-
pendent variable. We then conducted a multivariable
GEE analysis considering all independent variables
that were statistically significant in univariate analyses.
In patients who failed NIV, we explored the associa-
tion between NIV duration and mortality using a GEE
analysis.

We calculated duration of NIV, IMV, and total ven-
tilatory support (sum of NIV and IMV), duration of
PICU stay, and PICU mortality for both the NIV and
IMV groups. We performed a Cox regression analysis
to assess the effect of NIV exposure on time between
PARDS diagnosis and PICU mortality adjusting for
risk factors with imbalanced distributions across the
two groups.

We used a propensity score matching approach to
assess the association between NIV use and mortality,
matching 1:1 on the logit propensity score that was
developed for NIV use. We used McNemar's test to
assess differences in mortality between matched NIV
and IMV groups. We conducted a GEE analysis using
mortality as a dependent variable in the entire group
of patients, adjusting for the same covariates used in
the propensity score model. Finally, we conducted a
subgroup analysis to assess the association between
NIV use and mortality in immunosuppressed patients,
using a GEE analysis adjusted for the mortality risk
factors identified in the entire population.

All analyses were clustered by site. In all multivari-
able analyses, we included the nonrespiratory pedi-
atric logistic organ dysfunction (PELOD-2) score as a
covariate rather than the PELOD-2 score given inclu-
sion of oxygenation metric covariates (18). Statistical
analyses were conducted using SAS software version
9.4 (SAS Institute, Cary, NC). Two-sided p values less
than 0.05 were considered significant.

RESULTS

Patient Characteristics and NIV Use

Of 708 patients included in the original PARDIE study,
160 (23%) were supported with NIV at the time of
PARDS diagnosis (eFig. 1, http://links.lww.com/PCC/
C386). Compared with IMV patients (Table 1), NIV

Pediatric Critical Care Medicine

patients were older and more frequently had chronic
pulmonary disease, neuromuscular disease, oncologic
disease, and immunosuppression, while they were less
frequently born prematurely (all p < 0.01). The causes
of PARDS also differed, with pneumonia more com-
mon in the NIV patients. The use of NIV was associ-
ated with higher initial blood pH and lower pediatric
risk of mortality (PRISM)-IV, PELOD-2, and nonres-
piratory PELOD-2 scores (all p < 0.01). There were no
differences in arterial Paco, or Pao,/F10, ratio between
the two groups.

The proportion of PARDS patients on NIV varied
widely between sites (median 18%, IQR 0-36%, in sites
with at least four patients enrolled) and across coun-
tries (eFig. 2, http://links.lww.com/PCC/C386), but
did not differ between world bank income classifica-
tion of the country (eTable 1, http://links.lww.com/
PCC/C386). The use of NIV in PARDS patients was
more frequent in sites that used NIV more frequently
in the overall PICU population. NIV characteristics
and settings used during the first 3 days are reported in
eTable 2 (http://links.lww.com/PCC/C386).

NIV Failure

NIV failure occurred in 84/160 (53%) patients on
NIV at PARDS diagnosis, including 80 patients who
required intubation and 4 patients who died without
intubation. These four deaths had severe oncologic
or neurological disorders, and documented limita-
tions in support were clearly captured in two of the
patients. Table 2 shows that in univariate analyses
NIV failure was associated with male sex, immuno-
suppression, lower initial Pao /F1o0, ratio, Pao /Fio,
less than 100 mm Hg, bilateral radiological infiltrates,
higher PRISM-IV score, and higher nonrespiratory
PELOD-2 score at PARDS diagnosis. On multivari-
able analysis (Table 2), immunosuppression, Pao,/
F1o, less than 100, nonrespiratory PELOD-2 score,
and male sex were independently associated with
NIV failure. Regarding the site characteristics, the fre-
quency of NIV use in the site (in the entire PICU pop-
ulation, not just PARDS patients) was not associated
with NIV failure rate in the PARDS cohort (odds ratio
0.80 [0.61-1.05]). Patients from sites in low-income
or middle-income countries however had a higher
risk of NIV failure: 13 of 16 (81%), versus 71 of 144
(49%), odds ratio 4.46 (1.44-13.9).
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TABLE 1.

Characteristics of Patients With Pediatric Acute Respiratory Distress Syndrome Treated
With Noninvasive Ventilation and Invasive Mechanical Ventilation at the Time of Pediatric
Acute Respiratory Distress Syndrome Diagnosis

Variable NIV, n = 160 IMV, n = 548 p
Age (yr) 7.1 (2.5-13.7) 2.2 (0.6-8.5) < 0.0001
Sex/male 94 (59%) 340 (62%) 0.471
Primary cause of PARDS 0.004
Pneumonia 112 (70%) 298 (54%)
Sepsis 22 (14%) 114 (21%)
Aspiration 13 (8%) 39 (7%)
Trauma 1 (1%) 26 (5%)
Pancreatitis 1 (1%) 2 (0%)
Near drowning 0 (0%) 5 (1%)
Transfusion-related lung injury 0 (0%) 1 (0%)
Other 11 (7%) 63 (11%)
Comorbidities
Prematurity 16 (10%) 115 (21%) 0.002
Chronic pulmonary disease 64 (40%) 133 (24%) < 0.0001
Chronic respiratory support before PICU admission 34 (21%) 86 (16%) 0.099
Neuromuscular disease 47 (29%) 75 (14%) < 0.0001
Congenital cardiac disease 18 (11%) 60 (119%) 0.915
Left ventricular dysfunction 9 (6%) 31 (6%) 0.988
Acquired heart disease 7 (4%) 49 (9%) 0.060
Oncologic disease 25 (16%) 34 (6%) <0.001
Immunosuppression 34 (21%) 61 (11%) < 0.001
With oncologic disease 19 (12%) 30 (5%)
Stem cell transplants 12 (7%) 14 (3%)
Time of PARDS diagnosis since PICU admission (d) 0.2 (0.0-0.9) 0.25 (0.0-1.7) 0.032
Initial Pao,/Fio, ratio 132+70 142184 0.150
PARDS Berlin Pao,/Fio, groups 0.854
PaOQ/FIOQ, 201-300mm Hg 37 (23%) 129 (24%)
Pao,/Fio,, 101-200mm Hg 57 (36%) 206 (38%)
Pao,/Fio, <100mm Hg 66 (41%) 213 (39%)
Bilateral infiltrates on chest imaging 110 (68.7) 413 (75.4) 0.094
Initial pH, mean % sb; number of values? 7.34%£0.10; 100 7.30%0.12; 453 0.001
Initial Pco, (mm Hg), mean % sp; number of values 50.4+18.0; 98 52.5+19.5; 452 0.316
PRISM-IV score, median (IQR); number of values 5 (1-9); 142 8 (3-14); 492 < 0.0001
PELOD-2 score, median (IQR); number of values 2 (0-4); 138 6 (5-8); 483 < 0.0001
Nonrespiratory PELOD-2 score 2 (0-3) 2 (2-4) < 0.0001

IMV = invasive mechanical ventilation, QR = interquartile range, NIV = noninvasive ventilation, PARDS = pediatric acute respiratory
distress syndrome, PELOD = pediatric logistic organ dysfunction.

“Number of values are reported when missing values were higher than 5%.

Data are presented as median (interquartile range), mean = sp, or as number (percentage), as appropriate.
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TABLE 2.

Characteristics Associated With Noninvasive Ventilation Failure in Univariate Analyses and
Multivariable Generalized Estimating Equation

Variable

Age (yr)
Sex/male
PARDS risk factor
Pneumonia
Sepsis
Aspiration
Other
Comorbidities
Prematurity
Chronic pulmonary disease

Chronic respiratory support
before PICU admission

Neuromuscular disease
Congenital cardiac disease
Left ventricular dysfunction
Acquired heart disease
Oncologic disease
Immunosuppression

Initial Pao,/Fio, ratio
PARDS Berlin PF groups
Pao,/Fio,, 201-300mm Hg
Pao,/Fio,, 101-200 mm Hg
Pao,/Fio,, < 100mm Hg

Bilateral infiltrates

Initial pH

Initial Pco,, (mm Hg)

PRISM-IV score
Nonrespiratory PELOD-2
PELOD-2 score

Mode bilevel positive airway
pressure vs continuous
positive airway pressure

NIV Failure,

n=284
7.3 (2.0-13.9)
55 (65%)

55 (65%)
16 (19%)
7 (8%)
6 (7%)

7 (8%)
28 (33%)
17 (20%)

27 (32%)
7 (8%)
7 (8%)
4 (5%)

17 (20%)

27 (32%)

118+ 66

14 (17%)
26 (31%)
44 (52%)
65 (77%)
7.33 (7.28-7.38)
51.9+19.2
6 (3—-13)
2 (0-4)
3 (0-5)
34 vs 5

NIV Success,

n=76

6.9 (38.4-13.7)
39 (51%)

57 (75%)
6 (8%)
6 (8%)
7 (9%)

9 (12%)
36 (47%)
17 (22%)

23 (30%)
31 (41%)
22 (29%)
45 (59%)
7.37 (7.33-7.40)
473%+15.0
2.5 (0-7)
2 (0-2)
2 (0-2)
40vs 9

OR (95% ClI)

0.99 (0.95-1.05)

1.80 (1.01-3.20)

Ref
2.76 (0.96-7.94)
1.21 (0.43-3.41)
0.89 (0.29-2.70)

0.68 (0.21-2.16)
0.56 (0.27-1.13)
0.88 (0.33-2.34)

1.33 (0.72-2.44)
0.54 (0.18-1.59)
3.36 (0.39-29.2)
1.22 (0.32-4.65)
2.16 (0.79-5.89)
4.67 (1.61-13.5)
0.94 (0.90-0.99)

Ref.
1.38 (0.60-3.14)
3.29 (1.46-7.37)
2.36 (1.29-4.29)
0.58 (0.33-1.02)
1.02 (0.99-1.04)
1.12 (1.04-1.21)
1.22 (1.05-1.41)
1.34 (1.18-1.51)
1.53 (0.43-5.50)

p

0.931
0.045
0.218

0.059
0.720
0.835

0.510
0.106
0.799

0.365
0.261
0.271
0.774
0.134
0.005
0.010
0.008

0.445
0.004
0.005
0.058
0.243
0.003
0.008
<0.001
0.515

Adjusted OR
(95% CI)

2.39 (1.15-4.95) 0.019

3.75 (1.04-13.44) 0.043

Ref.

1.35 (0.563-3.41) 0.531
3.01 (1.08-8.37) 0.034
1.59 (0.80-3.16) 0.187

1.19 (1.005-1.42) 0.044

NIV = noninvasive ventilation, OR = odds ratio, PARDS = pediatric acute respiratory distress syndrome, PELOD = pediatric logistic

organ dysfunction.

Data are presented as median (first quartile—third quartile), mean =+ sp, or as number (percentage), as appropriate. The effect estimates
for continuous variables are per 1 unit increase.
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Figure 1 illustrates the interaction between immu-
nosuppression, severe hypoxemia, and nonrespiratory
PELOD-2 score greater than 2. Inspection of the Venn
diagram shows that the NIV success rate was 42 of 66
(64%) when none of these three factors were present.
When only one of these three risk factors was present
the cumulative success rate was 28 of 57 (49%). When
a combination of any two risk factors was present the
cumulative success rate was 6 of 31 (19%). When all
three risk factors were present there were no successes
(0/6, 0%). The proportion of NIV failure and the mor-
tality rate depending on Spo,/F10, and Pao,/F10, ratio
are illustrated in Figure 2.

In cases of NIV failure, tracheal intubation
occurred after a median of 10 (IQR 2-26) hours of
NIV. Higher nonrespiratory PELOD-2 score was the
only factor independently associated with earlier in-
tubation in multivariable modeling (eTable 3, http://
links.Jlww.com/PCC/C386). NIV failure occurred
before 6 hours in 39 of 84 (47%) cases, between 6
and 24 hours in 23 of 84 (27%) cases, and after 24
hours of NIV in 22 of 84 (26%) cases, and the mor-
tality rates were 23%, 26%, and 42% in these sub-
groups, respectively (eFig. 3, http://links.Iww.com/
PCC/C386). In a multivariable GEE analysis re-
stricted to this NIV failure group, immunosuppres-
sion was independently associated with mortality

(p = 0.001) while the duration of NIV before intuba-
tion (for each hour) had an odds ratio of 1.32 (0.98-
1.78, p = 0.064) for mortality (eTable 4, http://links.
Iww.com/PCC/C386).

PICU Outcome

PICU mortality rates were not different between NIV
and IMV groups overall or within each oxygenation
severity strata (Table 3). eFigure 4 (http://links.Iww.
com/PCC/C386) illustrates the duration of total ven-
tilatory support in surviving patients by Pao /Fio,
strata. As detailed in Table 3, the total duration of ven-
tilation support was shorter in the NIV group overall,
with a significant difference for the mild and mod-
erate severity strata only. Length of PICU stay was also
shorter in the NIV group overall, with a significant dif-
ference in the mild severity strata. Compared with the
NIV success group, the NIV failure group exhibited
qualitatively worse PICU outcomes overall (Table 3).
Duration of ventilation and length of PICU stay for the
entire group (including nonsurvivors) are reported in
eTable 5 (http://links.lww.com/PCC/C386).

In a multivariable Cox analysis (eTable 6, http://
links.Iww.com/PCC/C386) adjusted for age, PARDS
risk factor, comorbidities, PARDS severity class, in-
itial pH, and nonrespiratory PELOD score, exposure
to NIV was not associ-
ated with shorter survival

Non-Respiratory PELOD > 2
Total n=37
Success= 11 (30%)

Success 30%
(3/10)

Success 58%
(7/12)

17%
(2/12)

Success 51%
Severe Hypoxemia (18/35)
Total n= 66

Success= 22 (33%)

Immunosuppression
Total n= 34
Success= 7 (21%)

time (p = 0.877). Chronic
pulmonary disease, im-
munosuppression, severe
Pao /Fio, class, initial
pH, and nonrespiratory
PELOD score were inde-
pendently associated with
earlier death. In a sensi-
tivity analysis, censoring
the Cox regression at 90
days instead of PICU dis-
charge did not change the
results (data not shown).
A propensity score
analysis for NIV expo-

None of the
3 risk factors
n=66

Success 64%
(42/66)

Figure 1. Number of patients treated with noninvasive ventilation (NIV) at PARDS diagnosis
and success rate, depending on the presence of a high nonrespiratory pediatric logistic organ
dysfunction-2 score, immunosuppression, severe hypoxemia (PaoQ/F|o2 < 100), a combination of

these factors.
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sure was conducted, with
a greedy matching 1:1
on the logit propensity
score obtained by logistic
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80%
® % NIV Failure
70% ® 70% -
* % Mortality
60%
0% ® 52%
40% ® 40%
30% ® 32%
®27%
20%
¢ 13%
10%
& 8%
® 5%
0%
<100 101-150 151-200 >200
(n=30) (n=23) (n=43) (n=37)
Sp02 / Fio2
80%
@ % NIV Failure
70%
® 68% # % Mortality
60%
S0 ® 48%
20% ® 43%
®37%
30%
® 25%
20%
10% & 10% ® 11%
® 5%
0%
<100 101-150 151-200 >200
(n=65) (n=37) (n=21) (n=38)
Pa02 /FiO2

Figure 2. Proportion of NIV failure and mortality rate depending
on initial SpO,/Fio, ratio (upper panel) and Pao,/Fio, ratio (lower
panel). NIV = noninvasive ventilation, PARDS = pediatric acute
respiratory distress syndrome.

regression, based on all variables presented in eTable
7 (http://links.lww.com/PCC/C386). Propensity score
matching was possible for 89 patients treated with NIV
(56% of cohort) matched to 89 patients with PARDS
not exposed to NIV (eFig. 5, http://links.lww.com/
PCC/C386). The rate of NIV failure in the children
who could be matched was 67%, illustrating the selec-
tion of a relatively severe subgroup (eTable 7, http://
links.Iww.com/PCC/C386). In these propensity score
matched groups, the mortality rate was 19% in the NIV
group versus 25% in the IMV group (p = 0.369). In
the survivors of these groups, the length of PICU stay
and ventilation duration did not differ. A GEE analysis
conducted in the entire group of 708 patients, adjust-
ing for the variables used in propensity score match-
ing and clustering for site, also revealed no difference
in mortality rates depending on NIV exposure (odds
ratio 0.81, 95% CI, 0.41-1.58).

Pediatric Critical Care Medicine

Subgroup Analysis

In immunosuppressed patients, the mortality rate was
38% (13/34) when initially treated with NIV (and 48%
in the subgroup of children with NIV failure), and 51%
(31/61) with primary IMV (p = 0.238). When adjust-
ing for baseline nonrespiratory PELOD-2, Pao /Fio,
severity group, and pH, NIV exposure was not associ-
ated with mortality (adjusted odds ratio: 1.26 [95% CI,
0.47-3.36], p = 0.650). A sensitivity analysis including
all oncologic patients (in addition to the immunosup-
pressed patients) provided similar results (data not
shown).

DISCUSSION

This study about using NIV as initial respiratory sup-
port for cases of PARDS is important and the largest
reported to date, albeit reflecting contemporary prac-
tice in the 2016/2017 PARDIE dataset. Overall, 23%
of children with PARDS were supported with NIV at
the time of PARDS diagnosis. Previous data for com-
parison are limited, but this prevalence is significantly
higher than the 14 of 165 (8.5%) observed in a 2007
international cross-sectional study of acute lung injury
in children (19). It is also significantly higher than the
436 of 2,813 (15.5%) identified in the 2014 point prev-
alence study of NIV use in adults with ARDS (20). In
pediatric practice, older age was associated with NIV
use, which may be explained by the difficulty using

( )
WHAT THIS STUDY MEANS?

e |n this large international observational study
from 2016/2017, 23% of children with PARDS
were initially supported by NIV.

e Half of these NIV-supported patients were
eventually placed on invasive mechanical ven-
tilation, with hypoxemia severity, nonrespira-
tory PELOD-2 score, immunosuppression, and
male sex being independently associated with
NIV failure.

e Although children intubated after NIV failure
have a high risk of adverse events, NIV expo-
sure in children with PARDS was not independ-
ently associated with higher mortality.

\. J
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TABLE 3.

Main PICU Outcomes in Patients With Pediatric Acute Respiratory Distress Syndrome
Treated With Noninvasive Ventilation and Invasive Mechanical Ventilation

IMV Group (n = Entire NIV Group

548)

(n=160)

P

NIV Success
Group (n =76) Group (n = 84)

NIV Failure

o

=]

% PICU mortality rate

g All severity strata 97/548 (18%) 24/160 (15%) 0.425 0/76 (0) 24/84 (29%)

E Pao,/Fio,, 201-300 mm Hg group 14/129 (11%) 4/37 (11%) 0.994 0/23 (0) 4/14 (29%)

:z Pao,/Fio,, 101-200 mmHg group 31/206 (15%) 4/57 (7%) 0.114 0/31 (0) 4/26 (15%)

% Pao,/Fio, < 100 mmHg group 52/213 (24%) 16/66 (24%) 0.977 0/22 (0) 16/44 (36%)

D

2 Total duration of ventilatory support in PICU survivors (d)

§ All severity strata 7.0 (4.0-11.9) 5.6 (2.6-9.6) <0.001 3.2 (1.9-6.9) 8.0 (4.9-13.1)

3

g Pao,/Fio,, 201-300 mm Hg group 6.1 (4.1-11.6) 5.2 (2.0-7.5) 0.015 2.5 (1.5-6.3) 7.0 (5.5-10.1)

g' Pao,/Fio,, 101-200 mm Hg group 6.6 (3.6—-10.9) 5.2 (2.2-9.6) 0.019 2.8 (1.6-6.2) 9.7 (4.9-14.2)

§ Pao,/Fio,, < 100mm Hg group 7.5 (4.2-13.0) 6.9 (8.3-10.2) 0.158 4.4 (2.6-8.0) 8.2 (4.7-13.8)

»  Duration of NIV in PICU survivors (d)

(=}

S All severity strata 0 1.6 (0.2-4.4) - 3.2 (1.9-6.9) 0.2 (0.0-0.9)

(]

2 Pao,/Fio, 201-300mm Hg group 0 1.8 (0.8-5.4) - 2.5 (1.5-6.3) 0.8 (0.4-1.6)

= Paoy/Fio, 101-200mm Hg group 0 1.8 (0.4-4.1) - 28(16-6.2) 0.4 (0.1-1.0)

g Pao,/Fio,, <100 mm Hg group 0 0.7 (0.1-4.4) - 4.4 (2.6-8.0) 0.1 (0.0-0.4)

Ez Duration of IMV in PICU survivors (d)

=

§ All severity strata 7.0 (4.0-11.9) 0.0 (0.0-6.6) = 0 7.5 (4.3-12.5)

E Pao,/Fio,, 201-300 mm Hg group 6.1 (4.1-11.6) 0.0 (0.0-8.3) = 0 5.5 (3.9-9.9)

% Pao,/Fio,, 101-200 mm Hg group 6.6 (3.6—-10.9) 0.0 (0.0-6.5) = 0 7.5 (4.3-13.9)

£ Pao,/Fio, < 100mm Hg group 7.5 (4.2-13.0) 2.5 (0.0-9.0) - 0 8.1 (4.7-13.8)

% Length of PICU stay after PARDS diagnosis in PICU survivors (d)

© All severity strata 10.2 (6.4-19.2) 8.3 (5.4-15.1) 0.028 6.3 (3.8-9.6) 15.1 (8.0-23.9)
Pao,/Fio,, 201-300 mm Hg group 9.6 (6.3-19.5) 7.9 (4.2-11.0) 0.025 5.5 (2.8-8.5) 16.1 (9.1-23.8)
Pao,/Fio,, 101-200 mm Hg group 9.7 (5.9-17.6) 9.8 (5.3—-18.1) 0.628 5.5(3.8-10.1) 18.3 (10.7-39.1)
Pao,/Fio,, <100mm Hg group 11.1 (7.2-19.8) 8.5 (6.4-14.7) 0.129 70 (6.5-10.2) 12.2 (3.0-43.4)

IMV = invasive mechanical ventilation, NIV = noninvasive ventilation, PARDS = pediatric acute respiratory distress syndrome.
The mortality results are reported as number of deaths/number of patients (proportion). Durations of ventilation support are presented

Copyright © 2023 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.

as median (interquartile range).

NIV in younger patients (21), more frequent use of
nasal modes in younger patients (thereby excluding
them from the PARDS diagnosis), as well as the dif-
ferent diagnoses observed in older children. In our
PARDIE study, NIV was particularly used in patients
with chronic pulmonary disease, neuromuscular di-
sease, immune-oncologic disease, and lower illness se-
verity scores.

The similar distribution of Paco, and Pao,/Fio,
strata in the NIV and IMV groups was more surprising.
In 2015, the PALICC experts did not recommend the
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use of NIV in children with severe PARDS (22). This
result may be partly explained by patients being placed
on NIV before the occurrence of severe PARDS. It is
also possible that a trial of NIV was attempted in these
patients to assess their response to recruitment. Of
note, while the rate of intubation in the patients with
severe hypoxemia was high (66%), when no other risk
factors were present about half the patients avoided in-
tubation. The recent PALICC-2 conference updated the
recommendations on NIV use and now suggests that
NIV should be used for a time-limited trial. Transition
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to IMV should occur when patients do not have im-
provement within the first 6 hours of NIV, particularly
in those with severe PARDS when earlier transition to
IMYV should be considered (14, 15).

Independent risk factors associated with NIV
failure included severe hypoxemia, immunosuppres-
sion, nonrespiratory PELOD-2 score greater than 2,
and male sex. Severe hypoxemia has been consist-
ently reported as a risk factor for NIV failure (10, 11,
13, 23). The risk of NIV failure associated with non-
pulmonary organ dysfunction is also consistent with
previous studies that reported higher NIV failure
rates in the presence of sepsis (10, 12, 23, 24), vaso-
active agents (25), or higher PRISM scores (10, 12,
23). Immunosuppression was associated with both
NIV use and NIV failure in this study. NIV has long
been advocated in this population (8, 12, 26) because
of poor outcomes of these patients after intubation.
Previous studies demonstrating high mortality rates (>
70%) of immunosuppressed patients who fail an NIV
trial have raised concerns about the adverse impact
of delaying intubation (9, 26), including significant
risk of cardiac arrest (25). Moreover, a randomized
controlled trial assessing the potential benefit of early
PICU admission for CPAP in immunosuppressed chil-
dren with respiratory failure provided no evidence in
favor of this intervention (27). In the present study, the
NIV failure rate in immunosuppressed patients was
particularly high (79%). However, this high failure rate
was not associated with an increased risk of mortality
when adjusting for other risk factors. Additionally, the
mortality rate in primarily intubated patients was also
high (51%) and was similar to that observed in immu-
nosuppressed patients who failed NIV and were subse-
quently intubated (48%). Our study does not allow us
to make a conclusion about the benefit of NIV in this
subpopulation. However, an important finding in our
study is the cuamulative burden of risk factors of immu-
nosuppression, severe hypoxemia, and multiple organ
failure, and clinicians should be particularly cautious
when managing patients with two or more of these risk
factors on NIV.

The duration of ventilatory support and PICU length
of stay were shorter in the NIV group overall, and espe-
cially in patients with baseline Pao /F10, greater than
100 mm Hg. This signal may support the use of NIV in
this population, although it should be tempered by the
fact that the NIV group appeared to be less severely ill

Pediatric Critical Care Medicine

at PARDS diagnosis. In patients with risk factors, the
rate of NIV failure was relatively high, and the patients
with NIV failure exhibited relatively poor outcomes,
therefore the question of potential harm caused by the
NIV exposure in this population is particularly impor-
tant. In addition to the risk associated with intubation
delay and instability, use of NIV could theoretically ex-
pose patients to the risk of NIV-induced lung injury,
when the spontaneous ventilatory drive is high enough
to induce excessive transpulmonary pressure or tidal
volume (5, 28).

In adult patients with severe ARDS, NIV expo-
sure is associated with an increased risk of death
(20, 29). In a secondary analysis of a large pediatric
prospective trial, preintubation exposure to NIV
was also associated with increased mortality (30).
However, only intubated patients were included and
the outcome of patients with NIV success was there-
fore not considered. Somewhat reassuringly, we did
not observe any increased risk in mortality associ-
ated with NIV use, while using several strategies to
adjust for other risk factors. This does not confirm
that NIV is without risk in patients with PARDS.
The NIV duration was quite short in the NIV failure
group, and we can speculate that the clinical teams
avoided inappropriately prolonged NIV in most
instances. Although the duration of NIV exposure
prior to intubation was not an independent risk fac-
tor for mortality in the NIV failure group, the upper
limit of the 95% CI for the odds ratio (1.32 [0.98-
1.78], p = 0.064) shows what we cannot exclude as
a potentially clinically meaningful effect which did
not reach statistical significance because of limited
power and sample size. These findings are consistent
with PALICC-2 recommendations (14), in which
tracheal intubation should be considered rapidly in
patients with PARDS treated with NIV who do not
show early clinical improvement.

We observed a particularly high failure rate in sites
in low-income and middle-income countries. This
subgroup was small, and further studies are needed to
confirm the generalizability of this finding and to ex-
plore potential reasons for this failure rate, particularly
with respect to specific diseases, available equipment,
monitoring, and personnel (15, 31).

This study has several limitations. First, its obser-
vational design precludes conclusions on causality of
observed associations. The use of NIV is intrinsically
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linked with baseline condition and clinician prefer-
ences, and residual confounding in the multivariable
analyses cannot be excluded. Second, although this
is the largest cohort of PARDS patients treated with
NIV, some analyses were limited by the sample size.
Third, participation in the ancillary studies was vol-
untary and the burden of data collection was high.
This may have led to a selection bias, and this limited
some subanalyses; in particular, we could not assess
the prognostic impact of the patient response (im-
provement or not) after NIV exposure, nor explore
the potential impact of high patient effort on the lung
injury. Fourth, consistent with PALICC definitions
(17), only patients with a full-face or an oronasal
mask were included. It is possible that some patients
with similar clinical condition were only diagnosed
as “at risk for PARDS” because they were supported
with other nasal interface (32). It is uncertain how
our findings translate to this population. Last, the
data captured in PARDIE relates to practice and man-
agement in 2016/2017.

CONCLUSIONS

This ancillary study of a 2016/2017 international data-
set shows that a one in five children with PARDS are
first managed with NIV, with close to 50% success
rate. While use of NIV is associated with some pos-
itive outcomes, other findings call for caution. These
include the high failure rate when multiple risk factors
are present, and the potentially poor outcomes of NIV
failure patients. Interventional controlled trials appear
particularly warranted to confirm the role of NIV in
PARDS patients at high risk, including patients with
severe PARDS, immunosuppression, and/or multiple
organ dysfunction.
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