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Abstract

Objective: The worldwide practice and impact of non-invasive 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 (PARDIE) study.

Setting: 145 international pediatric intensive care units (PICU).

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 ventilation (IMV) groups. Of 708 subjects 

with PARDS, 160 (23%) received NIV at PARDS diagnosis (NIV group). NIV failure rate 

(defined as tracheal intubation or death) was 84/160 (53%). Higher non-respiratory pediatric 

logistic organ dysfunction (PELOD-2) score, arterial partial pressure of oxygen to fractional 

inspired oxygen ratio (PaO2/FiO2 ) <100 at PARDS diagnosis, immunosuppression, and male 

sex were independently associated with NIV failure. NIV failure was 100% among patients with 

non-respiratory PELOD-2 score >2, PaO2/FiO2 <100, and immunosuppression all present. Among 

patients with PaO2/FiO2 >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% confidence 

interval 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 mortality in these patients.

Summary.
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NIV use is common at PARDS diagnosis (20%) although 50% of patients fail NIV support. In 

the PARDIE cohort, NIV failure was associated with hypoxemia severity, non-pulmonary organ 

dysfunction, and immunosuppression. NIV exposure was not associated with increased mortality.

Keywords

respiratory distress; pediatric critical care; mechanical ventilation; immunosuppression; tracheal 
intubation

For over two decades, use of non-invasive ventilation (NIV) for patients with severe 

bronchiolitis in pediatric intensive care units (PICUs) has been associated with an important 

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 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 injury (5). Failure of NIV is associated with 

increased mortality and longer duration of IMV (6, 7). Over twenty years ago, patients with 

immunosuppression and acute respiratory distress syndrome (ARDS) were considered good 

candidates for NIV trials as mortality rates with IMV support was high (8). Although NIV is 

often used in children with immunosuppression 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 failure (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 the 

likelihood 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 

research (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: 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 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 ten distinct weeks between May 2016 and June 

2017. Detailed methods are published elsewhere (16). The Children’s Hospital Los Angeles 

(CHLA) Institutional Review Board (CHLA 16-0043) approved the study, titled “Pediatric 

ARDS Incidence and Epidemiology (PARDIE)” on February 8, 2016, and procedures were 
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followed in accordance with the ethical standards of the responsible committee and with the 

Helsinki Declaration of 1975. All PARDIE patients were included 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) ≥5 cm H2O, 

or bi-level 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 

arterial partial pressure of oxygen (PaO2) to fractional inspired oxygen (FiO2) strata: <100 

mmHg (severe), 101-200 mmHg (moderate), and 201-300 mmHg (mild), or their equivalent 

using the ratio of pulse oximetry oxygen saturation (SpO2) to FiO2 (SpO2/ FiO2) strata (16, 

17). NIV failure was defined as the occurrence of tracheal intubation or death in the PICU, 

whichever occurred first.

Statistical analysis

The characteristics and outcomes of patients were reported using the median (interquartile 

range, IQR) or mean ± standard deviation (SD), then compared using Wilcoxon rank-sum 

or Student t-tests. Categorical variables were reported using number (percentage) and 

compared using Chi-square or Fisher’s exact tests. Details of the analysis plan are provided 

in the online data supplement.

To assess risk factors for NIV failure in the NIV group, we conducted univariate generalized 

estimating equation (GEE) analyses with failure as the dependent 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 

association between NIV duration and mortality using a GEE analysis.

We calculated duration of NIV, IMV, and total ventilatory 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 multivariable analyses, we included the non-

respiratory pediatric logistic organ dysfunction (PELOD-2) score as a covariate rather 
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than the PELOD-2 score given inclusion of oxygenation metric covariates (18). Statistical 

analyses were conducted using SAS software version 9.4 (SAS Institute, Cary, NC, USA). 

Two-sided p-values <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 (eFigure 1). Compared to IMV patients (Table 1), 

NIV 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 

common in the NIV patients. The use of NIV was associated with higher initial blood pH 

and lower PRISM-IV, PELOD-2, and non-respiratory PELOD-2 scores (all p<0.01). There 

were no differences in arterial partial pressure of carbon dioxide (PaCO2) or PaO2/FiO2 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 4 patients enrolled) and across countries (eFigure 2), but did not 

differ between world bank income classification of the country (eTable 1). 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.

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 

4 deaths had severe oncologic or neurological disorders, and documented limitations in 

support were clearly captured in two of the patients. Table 2 shows that in univariate 

analyses NIV failure was associated with male sex, immunosuppression, lower initial PaO2/

FiO2 ratio, PaO2/FiO2 <100 mmHg, bilateral radiological infiltrates, higher pediatric risk 

of mortality (PRISM-IV) score, and higher non-respiratory PELOD-2 score at PARDS 

diagnosis. On multivariable analysis (Table 2), immunosuppression, PaO2/FiO2 <100, non-

respiratory PELOD-2 score, and male sex were independently associated with NIV failure. 

Regarding the site characteristics, the frequency of NIV use in the site (in the entire PICU 

population, 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- or middle-income countries 

however had a higher risk of NIV failure: 13/16 (81%), versus 71/144 (49%), odds ratio 4.46 

(1.44-13.9).

Figure 1 illustrates the interaction between immunosuppression, severe hypoxemia, and 

non-respiratory PELOD-2 score >2. Inspection of the Venn diagram shows that the NIV 

success rate was 42/66 (64%) when none of these 3 factors were present. When only one of 

these three risk factors was present the cumulative success rate was 28/57 (49%). When a 

combination of any two risk factors was present the cumulative success rate was 6/31 (19%). 
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When all three risk factors were present there were no successes (0/6, 0%). The proportion 

of NIV failure and the mortality rate depending on SpO2/FiO2 and PaO2/FiO2 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 non-respiratory PELOD-2 score was the only factor independently 

associated with earlier intubation in multivariable modeling (eTable 3). NIV failure occurred 

before 6 hours in 39/84 (47%) cases, between 6 and 24 hours in 23/84 (27%) cases, and 

after 24 hours of NIV in 22/84 (26%) cases, and the mortality rates were 23%, 26%, and 

42% in these subgroups, respectively (eFigure 3). In a multivariable GEE analysis restricted 

to this NIV failure group, immunosuppression was independently associated with mortality 

(p=0.001) while the duration of NIV prior to intubation (for each hour) had an odds ratio of 

1.32 (0.98-1.78, p=0.064) for mortality (eTable 4).

PICU Outcome

PICU mortality rates were not different between NIV and IMV groups overall or within each 

oxygenation severity strata (Table 3). eFigure 4 illustrates the duration of total ventilatory 

support in surviving patients by PaO2/FiO2 strata. As detailed in Table 3, the total duration 

of ventilation support was shorter in the NIV group overall, with a significant difference for 

the mild and moderate severity strata only. Length of PICU stay was also shorter in the NIV 

group overall, with a significant difference in the mild severity strata. Compared to 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 

non-survivors) are reported in eTable 5.

In a multivariable Cox analysis (eTable 6) adjusted for age, PARDS risk factor, 

comorbidities, PARDS severity class, initial pH, and non-respiratory PELOD score, 

exposure to NIV was not associated with shorter survival time (p=0.877). Chronic 

pulmonary disease, immunosuppression, severe PaO2/FiO2 class, initial pH, and non-

respiratory PELOD score were independently associated with earlier death. In a sensitivity 

analysis, censoring the Cox regression at 90 days instead of PICU discharge did not change 

the results (data not shown).

A propensity score analysis for NIV exposure was conducted, with a greedy matching 1:1 

on the logit propensity score obtained by logistic regression, based on all variables presented 

in eTable 7. Propensity-score matching was possible for 89 patients treated with NIV (56% 

of cohort) matched to 89 patients with PARDS not exposed to NIV (eFigure 5). The rate 

of NIV failure in the children who could be matched was 67%, illustrating the selection 

of a relatively severe subgroup (eTable 7). In these propensity-score matched groups, the 

mortality rate was 19% in the NIV group vs 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, adjusting for the variables used 

in propensity score matching 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).
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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 adjusting for baseline non-respiratory PELOD-2, PaO2/FiO2 

severity group, and pH, NIV exposure was not associated 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 immunosuppressed patients) provided similar results (data not 

shown).

DISCUSSION

This study about using NIV as initial respiratory support for cases of PARDS is important 

and the largest reported to date, albeit reflecting contemporary practice 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 comparison are limited, but this prevalence is 

significantly higher than the 14/165 (8.5%) observed in a 2007 international cross-sectional 

study of acute lung injury in children (19). It is also significantly higher than the 436/2813 

(15.5%) identified in the 2014 point prevalence 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 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 

different diagnoses observed in older children. In our PARDIE study, NIV was particularly 

used in patients with chronic pulmonary disease, neuromuscular disease, immune-oncologic 

disease, and lower illness severity scores.

The similar distribution of PaCO2 and PaO2/FiO2 strata in the NIV and IMV groups was 

more surprising. In 2015, the PALICC experts did not recommend the 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 intubation. 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 to IMV should occur when patients do not have improvement 

within the first 6 hours of NIV, particularly in those with severe PARDS when earlier 

transition to IMV should be considered (14, 15).

Independent risk factors associated with NIV failure included severe hypoxemia, 

immunosuppression, non-respiratory PELOD-2 score>2, and male sex. Severe hypoxemia 

has been consistently 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), vasoactive 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 
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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 

children 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 immunosuppressed patients 

who failed NIV and were subsequently 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 cumulative burden of risk factors of immunosuppression, 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 especially in patients with baseline PaO2/FiO2 >100 mmHg. 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 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 important. In addition to the risk associated 

with intubation delay and instability, use of NIV could theoretically expose 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 exposure is associated with an increased risk of 

death (20, 29). In a secondary analysis of a large pediatric prospective trial, pre-intubation 

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 therefore not 

considered. Somewhat reassuringly, we did not observe any increased risk in mortality 

associated 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. While the duration of NIV exposure prior 

to intubation was not an independent risk factor for mortality in the NIV failure group, the 

upper limit of the 95% confidence interval 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- and middle-income countries. 

This subgroup was small, and further studies are needed to confirm the generalizability of 

this finding and to explore potential reasons for this failure rate, particularly with respect to 

specific diseases, available equipment, monitoring, and personnel (15, 31).
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This study has several limitations. First, its observational design precludes conclusions on 

causality of observed associations. The use of NIV is intrinsically linked with baseline 

condition and clinician preferences, 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 voluntary and the burden of data collection was high. This may have 

led to a selection bias, and this limited some sub-analyses; in particular, we could not assess 

the prognostic impact of the patient response (improvement 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 oro-nasal 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 management in 2016/2017.

CONCLUSIONS

This ancillary study of a 2016/2017 international dataset shows that a 1-in-5 children with 

PARDS are first managed with NIV, with close to 50% success rate. While use of NIV is 

associated with some positive 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 multi-organ dysfunction.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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“Research in Context”

• The worldwide use of non-invasive ventilation (NIV) in pediatric acute 

respiratory distress syndrome (PARDS) is unknown.

• 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 unloading of high 

patient effort) or instability due to NIV failure.

• The characteristics of PARDS patients who may benefit from NIV, rather than 

be harmed, is also uncertain.
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“What this Study Means”

• In this large international observational study from 2016/2017, 23% of 

children with PARDS were initially supported by NIV.

• Half of these NIV-supported patients were eventually placed on IMV, with 

hypoxemia severity, non-respiratory PELOD-2 score, immunosuppression, 

and male sex being independently associated with NIV failure.

• Although children intubated after NIV failure have a high risk of adverse 

events, NIV exposure in children with PARDS was not independently 

associated with higher mortality.
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Figure 1. 
Number of patients treated with non-invasive ventilation (NIV) at PARDS diagnosis 

and success rate, depending on the presence of a high non-respiratory PELOD-2 score, 

immunosuppression, severe hypoxemia (PaO2/FiO2 <100), a combination of these factors.
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Figure 2. 
Proportion of NIV failure and mortality rate depending on initial SpO2/FiO2 ratio (upper 

panel) and PaO2/FiO2 ratio (lower panel).
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