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OBJECTIVES: Interventional trials aimed at pediatric acute respiratory distress 
syndrome prevention require accurate identification of high-risk patients. In this 
study, we aimed to characterize the frequency and outcomes of children meeting 
“at risk for pediatric acute respiratory distress syndrome” criteria as defined by the 
Pediatric Acute Lung Injury Consensus Conference.

DESIGN: Planned substudy of the prospective multicenter, international Pediatric 
Acute Respiratory Distress Syndrome Incidence and Epidemiology study con-
ducted during 10 nonconsecutive weeks (May 2016–June 2017).

SETTING: Thirty-seven international PICUs.

PATIENTS: Three-hundred ten critically ill children meeting Pediatric Acute Lung 
Injury Consensus Conference “at-risk for pediatric acute respiratory distress syn-
drome” criteria.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: We evaluated the frequency of chil-
dren at risk for pediatric acute respiratory distress syndrome and rate of subsequent 
pediatric acute respiratory distress syndrome diagnosis and used multivariable lo-
gistic regression to identify factors associated with subsequent pediatric acute 
respiratory distress syndrome. Frequency of at risk for pediatric acute respiratory 
distress syndrome was 3.8% (95% CI, 3.4–5.2%) among the 8,122 critically ill 
children who were screened and 5.8% (95% CI, 5.2–6.4%) among the 5,334 
screened children on positive pressure ventilation or high-flow oxygen. Among the 
310 at-risk children, median age was 2.1 years (interquartile range, 0.5–7.3 yr). 
Sixty-six children (21.3%) were subsequently diagnosed with pediatric acute respi-
ratory distress syndrome, a median of 22.6 hours (interquartile range, 9.8–41.0 hr) 
later. Subsequent pediatric acute respiratory distress syndrome was associated 
with increased mortality (21.2% vs 3.3%; p < 0.001) and longer durations of in-
vasive ventilation and PICU care. Subsequent pediatric acute respiratory distress 
syndrome rate did not differ by respiratory support modality at the time of meeting 
at risk criteria but was independently associated with lower initial saturation:Fio2 
ratio, progressive tachycardia, and early diuretic administration.

CONCLUSIONS: The Pediatric Acute Lung Injury Consensus Conference “at-
risk for pediatric acute respiratory distress syndrome” criteria identify critically ill 
children at high risk of pediatric acute respiratory distress syndrome and poor out-
comes. Interventional trials aimed at pediatric acute respiratory distress syndrome 
prevention should target patients early in their illness course and include patients 
on high-flow oxygen and positive pressure ventilation.

KEY WORDS: acute respiratory distress syndrome; mechanical ventilation; 
pediatric; respiratory failure
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Pediatric acute respiratory distress syndrome 
(PARDS) occurs in 2–4% of patients admitted 
to PICUs, has a contemporary mortality rate of 

20%, and has no specific treatment (1–3). Identifying 
children at risk for developing PARDS could lead to 
targeted therapies to prevent disease progression and 
improve outcomes. Trials to identify such disease-
modifying therapies in adults were enabled after the 
Lung Injury Prediction Score was validated to identify 
at-risk patients and, more recently, the Prevention and 
Early Treatment of Acute Lung injury (PETAL) net-
work was funded to study these interventions (4–10).

Criteria to identify children At Risk For PARDS 
(ARF-PARDS) were established by the Pediatric Acute 
Lung Injury Consensus Conference (PALICC) in 2015 
and differ from PARDS criteria only in regards to the 
oxygenation criterion (Supplemental Fig. 1, http://
links.lww.com/CCM/G779; legend, http://links.lww.
com/CCM/G790) (2). Children on invasive mechan-
ical ventilation (MV) or full-face noninvasive venti-
lation (NIV) are diagnosed with ARF-PARDS instead 
of PARDS when hypoxemia is mild (e.g., oxygenation 
index < 4). Children on nasal modes of respiratory 
support (e.g., high-flow nasal cannula) are ineligible 
for PARDS because the possible entrainment of room 
air makes hypoxemia measures unreliable but are diag-
nosed with ARF-PARDS when the other criteria are 
met (2). Currently, the prevalence, natural history, and 
outcomes of children meeting ARF-PARDS criteria are 
unknown.

The PARDS Incidence and Epidemiology (PARDIE) 
study recently screened all PICU patients in 145 cen-
ters across five continents to describe the epidemiology 
and outcomes of PARDS and ARF-PARDS (1). In order 
to provide a better understanding of the feasibility of 
clinical trials targeting PARDS prevention, the aim of 
this planned ARF-PARDS substudy was to describe 
the epidemiology and outcomes of children meeting 
ARF-PARDS criteria, including the frequency, timing, 
and risk factors of a subsequent diagnosis of PARDS.

METHODS

The main PARDIE study prospectively screened chil-
dren admitted to 145 participating PICUs in 27 coun-
tries during 10 nonconsecutive weeks between May 
2016 and June 2017 and enrolled all children newly 
meeting PALICC PARDS criteria (1, 2). Thirty-seven 
sites decided a priori to participate in this additional 

ARF-PARDS substudy with approval from each site’s 
Institutional Review Board.

Creation of ARF-PARDS Substudy Cohort

Each study week, participating centers (Appendix 1)  
screened all children treated in the PICU for five 
consecutive days. Patients were eligible for in-
clusion in this ARF-PARDS substudy if they 
met PALICC criteria for ARF-PARDS for 
the first time in the preceding 24 hours (2).  
The ARF-PARDS criteria are a risk factor (“trigger”) 
for PARDS within the preceding 7 days, acute pulmo-
nary parenchymal disease on chest radiograph, and 
hypoxemia thresholds related to respiratory support 
modality and age. Children with respiratory disease 
explained by cardiac failure or fluid overload, con-
valescing from a cardiac intervention, or with active 
perinatal lung disease are ineligible for ARF-PARDS, 
and thus were excluded from this study. Data collected 
for each eligible subject included demographics, ge-
ographic region, PARDS trigger, comorbidities, res-
piratory support modalities, subsequent diagnosis of 
PARDS, and clinical outcomes. In addition, selected 
treatments and serial vital signs (every 6 hr) were col-
lected for the first 3 days after ARF-PARDS diagnosis 
or until death, PICU discharge, or PARDS diagnosis.

Variable Definitions

Respiratory support modalities were collected as inva-
sive MV, full-face NIV, nasal NIV, and high-flow oxygen 
(HFO) via mask or nasal cannula. Vital signs were de-
fined as “initial” (collected within 2 hr of ARF-PARDS 
diagnosis) and “next” (collected 1–12 hr after the initial 
value), with the “change” equal to the next value minus 
the initial value. The ratio of measured oxygen satu-
ration (Spo2) to Fio2 (SF ratio) was calculated as pre-
viously described when Spo2 was less than 98% (11).  
The prescribed oxygen fraction was used as Fio2 re-
gardless of support mode.

Outcomes and Main Analyses

The frequency of ARF-PARDS is presented with de-
scriptive statistics and compared between geographic 
regions using chi-square tests. The primary outcome of 
the study was a subsequent diagnosis of PARDS, which 
was compared between geographic regions and be-
tween respiratory support modalities using chi-square 

http://links.lww.com/CCM/G779
http://links.lww.com/CCM/G779
http://links.lww.com/CCM/G790
http://links.lww.com/CCM/G790
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tests. Secondary outcomes were PICU mortality, 
28-day PICU-free days (PFDs), and 28-day ventilator-
free days (VFDs). PFDs and VFDs were calculated by 
subtracting PICU length of stay or duration of inva-
sive MV, respectively, from 28. Children who died be-
fore PICU discharge were assigned zero PFDs and zero 
VFDs. Secondary outcomes were compared between 
subjects with and without subsequent PARDS using 
chi-square (mortality) and Wilcoxon rank-sum (PFDs 
and VFDs). A multivariate model of time to PICU 
discharge with death as a competing risk (as a way 
to model PFDs) was built to determine if subsequent 
PARDS was independently associated with fewer PFDs. 
Demographic and physiologic variables available from 
the time of ARF-PARDS diagnosis were used to pre-
dict PFDs using forward stepwise selection to identify 
variables with a univariable p value of less than 0.05, 
and all variables that remained statistically significant 
or significantly improved model fit per the likelihood-
ratio test were retained. Then, we added “subsequent 
PARDS” to the model to evaluate if the subsequent di-
agnosis of PARDS was independently associated with 
fewer PFDs after controlling for the competing risk of 
death (where a subdistribution hazard ratio [sdHR] < 1  
indicates longer time to PICU discharge).

Analyses to Identify Factors Associated  
With Subsequent PARDS

First, univariate analyses were performed with chi-
square or Fisher exact tests (categorical variables) and 
Wilcoxon rank-sum test (continuous variables) to 
preliminarily identify factors associated with a subse-
quent diagnosis of PARDS. This included testing for 
associations between medications administered on the 
day of ARF-PARDS diagnosis (“day 0”) with a PARDS 
diagnosis on day 1 or later. Then, we constructed a hi-
erarchical, multivariable logistic regression model to 
identify factors associated with subsequent PARDS, 
controlling for center as a random effect. A priori, we 
planned to evaluate all factors associated (p < 0.10) with 
subsequent PARDS in univariate analysis for inclusion 
in the model, followed by individually testing the fol-
lowing variables preselected based on biologic plausi-
bility: age, comorbidities, PARDS trigger, respiratory 
support modality at ARF-PARDS diagnosis, bilateral 
infiltrates on chest radiograph, and home respiratory 
support modality. Variables with a p value of less than 
0.05 or that changed other variable effect estimates 

by greater than 20% were retained in the final model. 
Initial and next vital signs were both assessed for in-
clusion in the model rather than the change in vital 
sign (12); if a next vital sign met criteria to be retained, 
its initial value was also included. Subjects missing 
retained variables were excluded from the model.

Subgroup Analyses

The subjects were divided into two mutually exclusive 
subgroups based on use of nonnasal (invasive MV or 
full-face NIV) or nasal (nasal NIV or HFO) respiratory 
support at the time of ARF-PARDS diagnosis and the 
above analyses repeated. In each subgroup, univariate 
analyses were used to identify factors associated with 
subsequent PARDS. Then, a model was constructed as 
described above for each subgroup to identify factors 
associated with subsequent PARDS.

Analyses were performed using SigmaPlot 
v12.5 (Systat Software, San Jose, CA) or SAS v9.4  
(SAS Institute, Cary, NC). Data are shown as median 
(interquartile range [IQR]), 95% CIs are reported 
where appropriate, and p value of less than 0.05 de-
fined statistical significance. Model results are shown 
as adjusted odds ratios with 95% CIs.

RESULTS

Epidemiology and Outcomes of ARF-PARDS

Thirty-seven centers in thirteen countries participated 
in the ARF-PARDS substudy. During the study period, 
8,122 children were screened for inclusion, 5,334 of 
whom were supported by invasive MV, NIV, or HFO. 
The criteria for ARF-PARDS were met in 310 chil-
dren, giving a frequency of 3.8% (95% CI, 3.4–5.2%) 
among all PICU patients and 5.8% (5.2–6.4%) among 
those on invasive MV, NIV, or HFO. The prevalence 
of ARF-PARDS differed significantly across geo-
graphic regions (Fig. 1) with North American centers  
(n = 260 children) having the highest prevalence of 
ARF-PARDS (4.4% of all patients; 6.7% of patients re-
ceiving invasive MV, NIV, or HFO).

Among the 310 subjects who met ARF-PARDS cri-
teria, the median age was 2.1 years (IQR, 0.5–7.3 yr), 
63.5% had a comorbidity, and 73.9% had an acute 
lower respiratory tract infection (Table  1). ARF-
PARDS criteria were met within 1 hour of PICU ad-
mission in 127 (41.0%) children, including 57 (18.4%) 
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who met the criteria before PICU admission. At the 
time of ARF-PARDS diagnosis, 71.6% were on a nasal 
mode (including 58.4% on HFO) and 28.4% on a 
nonnasal mode (including 24.2% on invasive MV).  
After ARF-PARDS diagnosis, beta-agonist medica-
tions were used in 56.5% of subjects and corticoste-
roids in 44.2% (Supplemental Table 1, http://links.
lww.com/CCM/G780). Diuretics (33.5%), blood prod-
ucts (10.3%), and parenteral nutrition (5.8%) were also 
used. Twenty-two children died (7.1%) before PICU 
discharge and the median PFDs was 22.2 (14.0–25.1).

Epidemiology and Outcomes of Subsequent 
PARDS

Among all subjects, PARDS was subsequently diag-
nosed in 66 children (21.3% [95% CI, 16.7–25.8%]). The 
rate of PARDS differed significantly between regions 
(Supplemental Fig. 2, http://links.lww.com/CCM/
G781; legend, http://links.lww.com/CCM/G790),  
but not by respiratory support modality at ARF-
PARDS diagnosis (invasive MV: 20.0%, full-face NIV: 
30.7%, nasal NIV: 17.1%, HFO: 22.1%; p = 0.74). 

Among those subsequently 
diagnosed with PARDS, 
the median interval be-
tween ARF-PARDS di-
agnosis and PARDS 
diagnosis was 22.6 hours 
(9.8–41.0 hr) (Fig. 2).  
The median interval be-
tween PARDS trigger and 
PARDS diagnosis was 
35.3 hours (22.5–61.6 hr). 
Children with ARF-
PARDS who were subse-
quently diagnosed with 
PARDS had higher ICU 
mortality (21.2% vs 3.3%), 
fewer PFDs (12.0 [0.0–
19.3] vs 23.4 [19.1–25.5]), 
and fewer VFDs (17.8 
[0.0–24.5] vs 28.0 [26.8–
28.0]) than children never 
diagnosed with PARDS (all  
p < 0.01). In the multivar-
iate model, subsequent 
PARDS (sdHR, 0.27; 95% 
CI, 0.19–0.38) was inde-

pendently associated with fewer PFDs after controlling 
for comorbidity, PARDS trigger, initial SF ratio, and 
initial mode of ventilation (Supplemental Table 2,  
http://links.lww.com/CCM/G782).

Risk Factors for Subsequent PARDS

Among all subjects, initial Fio2 and SF ratio, and 
later measures of heart rate, Spo2, Fio2, and SF ratio 
were associated with subsequent PARDS (Table  2). 
Children diagnosed with PARDS after day 0 of ARF-
PARDS diagnosis were more likely to receive blood 
products, diuretics, and parenteral nutrition on 
day 0 than children never diagnosed with PARDS 
(Supplemental Table 3, http://links.lww.com/CCM/
G783). In the multivariate model (n = 204), lower 
initial SF ratio, higher next heart rate, and diuretic 
administration on day 0 were significantly associated 
with increased odds of subsequent PARDS (Table 3). 
Findings were similar when heart rate was removed 
in order to increase the number of children in the 
model (n = 269).

Figure 1. At Risk For Pediatric Acute Respiratory Distress Syndrome (ARF-PARDS) prevalence by 
region. The black bar shows the percentage of all screened patients who met  
ARF-PARDS criteria for each region, with the number of screened patients reported within the 
bar. The gray bar shows the percentage of patients who met ARF-PARDS criteria for each region 
relative to the number of patients who were on invasive mechanical ventilation (IMV), noninvasive 
ventilation (NIV), or high-flow oxygen (HFO) at the time of screening, with the number of screened 
patients on invasive MV, NIV, or HFO reported within the bar. The percentage of admissions 
meeting ARF-PARDS criteria differed significantly between the four regions for both all screened 
patients and all patients on respiratory support (both p < 0.01 by χ2 test).

http://links.lww.com/CCM/G780
http://links.lww.com/CCM/G780
http://links.lww.com/CCM/G781
http://links.lww.com/CCM/G781
http://links.lww.com/CCM/G790
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TABLE 1. 
Patient Characteristics Associated With a Subsequent Diagnosis of Pediatric Acute 
Respiratory Distress Syndrome Among All Subjects

Characteristic
Entire Cohort 

(n = 310)

Subsequent  
PARDS  
(n = 66)

No Subsequent  
PARDS  

(n = 244) p

Age, yr, median (IQR) 2.1 (0.5–7.3) 2.6 (0.8–8.5) 2.0 (0.5–6.7) 0.21

Weight, kg, median (IQR) 11.7 (7.4–24.0) 13.5 (7.2–28.4) 11.2 (7.4–22.2) 0.26

Female, n (%) 136 (43.9) 30 (45.5) 106 (43.4) 0.77

Race—Asian/American Indian/Pacific Islander, n (%) 18 (5.8) 6 (9.1) 12 (4.9) 0.37

 Black 43 (13.9) 6 (9.1) 37 (15.2)

 White 188 (60.7) 42 (63.6) 146 (59.8)

 Other/unknown/multiracial 61 (19.7) 12 (18.2) 49 (20.1)

Hispanic, n (%) 56 (18.1) 16 (24.2) 40 (16.4) 0.14

Days from PICU admission to ARF-PARDS 0.1 (0.0–0.6) 0.1 (0.0–0.9) 0.1 (0.0–0.6) 0.43

Risk factor—aspiration, n (%) 22 (7.1) 6 (9.1) 16 (6.6) 0.41

 Bacterial LRTI 56 (18.1) 14 (21.2) 42 (17.2)

 Viral LRTI 124 (40.0) 21 (31.8) 103 (42.2)

 Other LRTI 49 (15.8) 10 (15.2) 39 (15.98)

 Sepsis 22 (7.1) 8 (12.1) 14 (5.7)

 Trauma 16 (5.2) 4 (6.1) 12 (4.9)

 Other 21 (6.8) 3 (4.6) 18 (7.4)

Admission source—internal/external floor, n (%) 122 (39.4) 28 (42.4) 94 (38.5) 0.16

 Internal/external emergency department 145 (46.8) 25 (37.9) 120 (49.2)

 Other 43 (13.9) 13 (19.7) 30 (12.3)

Support at ARF-PARDS—high-flow oxygen, n (%) 181 (58.4) 40 (60.6) 141 (57.8) 0.92

 Noninvasive ventilation 54 (17.4) 11 (16.7) 43 (17.6)

 Invasive mechanical ventilation 75 (24.2) 15 (22.7) 60 (24.6)

Bilateral infiltrates on chest radiograph, n (%) 203 (65.5) 49 (74.2) 154 (63.1) 0.09

Any comorbidity, n (%) 197 (63.6) 43 (65.2) 154 (63.1) 0.76

 Asthma 46 (14.8) 6 (9.1) 40 (16.4) 0.14

 Cardiac acquired 13 (4.2) 3 (4.6) 10 (4.1) > 0.99

 Cardiac congenital 37 (11.9) 8 (12.1) 29 (11.9) 0.96

 Neuromuscular disease 59 (19.0) 9 (13.6) 50 (20.5) 0.21

 Oncologic/immunologic 29 (9.4) 8 (12.1) 21 (8.6) 0.38

 Prematurity 68 (21.9) 15 (22.7) 53 (21.7) 0.86

 Pulmonary (nonasthma) 59 (19.0) 16 (24.2) 43 (17.6) 0.22

Home respiratory support—none, n (%) 253 (81.6) 54 (81.8) 199 (81.6) 0.69

 Noninvasive ventilation 17 (5.5) 4 (6.1) 13 (5.3)

 Oxygen 16 (5.2) 5 (7.6) 11 (4.5)

 Tracheostomy without ventilator 12 (3.9) 2 (3.0) 10 (4.1)

 Tracheostomy with ventilator 12 (3.9) 1 (1.5) 11 (4.5)

(Continued )
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Among children on invasive MV or full-face NIV at 
ARF-PARDS diagnosis, 19 children (22%) progressed 
to PARDS, which was associated with PICU admis-
sion source and lower initial SF ratio, but not demo-
graphic variables, comorbidities, nor PARDS trigger 
(Supplemental Table 4, http://links.lww.com/CCM/
G784; and Supplemental Table 5, http://links.lww.com/
CCM/G785). Neither blood products nor medications 
given on the day of ARF-PARDS diagnosis were asso-
ciated with later progression to PARDS (Supplemental 
Table 6, http://links.lww.com/CCM/G786). In the 

multivariable model (n = 70), lower SF ratio at ARF-
PARDS diagnosis was associated with progression to 
PARDS, and no other variables were retained.

Among children on HFO or nasal NIV at ARF-PARDS 
diagnosis, 47 (21%) were subsequently diagnosed with 
PARDS. Subsequent PARDS diagnosis was associated 
with pulmonary (nonasthma) comorbidity, higher ini-
tial Fio2, lower initial SF ratio, and unfavorable subse-
quent vital signs (Supplemental Table 7, http://links.
lww.com/CCM/G787; and Supplemental Table 8,  
http://links.lww.com/CCM/G788). Administration of 

blood products, diuretics, 
and parenteral nutrition 
on day 0 were also asso-
ciated with subsequent 
PARDS (Supplemental 
Table 9, http://links.lww.
com/CCM/G789). In 
the multivariable model  
(n = 155), lower SF ratio 
at ARF-PARDS diagnosis, 
higher subsequent heart 
rate, and diuretic adminis-
tration on day 0 were sig-
nificantly associated with 
increased odds of subse-
quent PARDS.

DISCUSSION

In this prospective inter-
national study, 4% of crit-
ically ill children admitted 
to participating PICUs 

Figure 2. Interval from At Risk For Pediatric Acute Respiratory Distress Syndrome (ARF-PARDS) 
to Pediatric Acute Respiratory Distress Syndrome (PARDS) diagnosis. Subjects (n = 66) with 
subsequent PARDS were grouped based on the time between ARF-PARDS diagnosis and PARDS 
diagnosis. Each bar represents a 6-hr period (0–5.99, 6–11.99, etc.). The dashed line represents 
the median time between ARF-PARDS and PARDS diagnoses.

ICU mortality, n (%) 22 (7.1) 14 (21.2) 8 (3.3) < 0.01

PICU-free days, median (IQR) 22.2 (14.0–25.1) 12.0 (0.0–19.3) 23.4 (19.1–25.5) < 0.01

Ventilator-free days, median (IQR) 28.0 (23.7–28.0) 17.8 (0.0–24.5) 28.0 (26.8–28.0) < 0.01

ARF-PARDS = At Risk For Pediatric Acute Respiratory Distress Syndrome, IQR = interquartile range, LRTI = lower respiratory tract 
infection,  PARDS = pediatric acute respiratory distress syndrome.
Data missing in age (n = 8), weight (n = 1), and ventilator-free day (n = 1). Causes of death reported as neurologic failure (n = 8), 
multisystem organ failure (n = 7), refractory hypoxemia (n = 5), refractory shock (n = 1), and cancer (n = 1).

TABLE 1. (Continued ).
Patient Characteristics Associated With a Subsequent Diagnosis of Pediatric Acute 
Respiratory Distress Syndrome Among All Subjects

Characteristic
Entire Cohort 

(n = 310)

Subsequent  
PARDS  
(n = 66)

No Subsequent  
PARDS  

(n = 244) p
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http://links.lww.com/CCM/G784
http://links.lww.com/CCM/G785
http://links.lww.com/CCM/G785
http://links.lww.com/CCM/G786
http://links.lww.com/CCM/G787
http://links.lww.com/CCM/G787
http://links.lww.com/CCM/G788
http://links.lww.com/CCM/G789
http://links.lww.com/CCM/G789
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TABLE 2. 
Vital Signs Associated With a Subsequent Diagnosis of Pediatric Acute Respiratory 
Distress Syndrome Among All Subjects

Vital Sign

Progression  
to PARDS,  

n = 66

No Progression  
to PARDS,  

n = 244 p

Initial vital signs at ARF-PARDS diagnosis

 Heart rate (beats/min) 142 (114–167); n = 47 140 (118–156); n = 181 0.35

 Respiratory rate (breaths/min) 39 (31–60); n = 47 40.50 (29.5–52); n = 180 0.72

 Spo2 96 (93–97); n = 65 95.00 (93–96); n = 241 0.36

 Fio2 0.60 (0.40–1.00); n = 63 0.40 (0.35–0.60); n = 236 < 0.01

 SF ratio 155 (97–216); n = 55 230 (157–243); n = 225 < 0.01

Next vital signs after ARF-PARDS diagnosis

 Heart rate (beats/min) 134 (119.5–162); n = 44 129.5 (107–148); n = 180 0.047

 Respiratory rate (breaths/min) 38.5 (29–57.5); n = 44 36 (26–49); n = 179 0.24

 Spo2 95 (93–97); n = 55 97 (95–98); n = 218 < 0.01

 Fio2 0.50 (0.40–0.65); n = 55 0.40 (0.30–0.50); n = 215 < 0.01

 SF ratio 179 (140–240); n = 46 239 (188–313); n = 150 < 0.01

Change in vital signs after ARF-PARDS diagnosis

 Heart rate (beats/min) 3.5 (–11.5 to 13.5); n = 44 –8 (–21.5 to 6); n = 180 < 0.01

 Respiratory rate (breaths/min) –0.5 (–8 to 4.5); n = 44 –2 (–10 to 4); n = 179 0.61

 Spo2 0 (–1 to 2); n = 55 1 (0–3); n = 218 < 0.01

 Fio2 0.00 (–0.15 to 0.00); n = 55 0.00 (–0.10 to 0.00); n = 215 0.40

 SF ratio 4 (–3 to 50); n = 44 4 (–2 to 53); n = 148 0.79

ARF-PARDS = At Risk For Pediatric Acute Respiratory Distress Syndrome, PARDS = pediatric acute respiratory distress syndrome,  
SF = ratio of Spo2/Fio2, Spo2 = oxygen saturation.
Vital signs at ARF-PARDS diagnosis are all from within 2 hr of diagnosis. The “next” vital sign for each subject is the subsequent 
available measurement that was between 1 and 12 hr after the initial measurement. The “change” in vital sign is the initial measurement 
subtracted from the next measurement for each subject (i.e., next vital sign–diagnosis vital sign). Data are shown as median (interquartile 
range) with sample size for that cell. For the next vital signs, the median intervals between measurements were 5.5 hr (4.0–6.5 hr) for 
heart rate and respiratory rate, 4.0 hr (2.8–5.9 hr) for Spo2, 4.0 hr (2.6–5.9 hr) for Fio2, and 4.0 (2.5–6.0) for SF ratio.

met ARF-PARDS criteria and more than one in five 
of these patients were subsequently diagnosed with 
PARDS. PARDS diagnosis usually occurred more than 
12 hours after ARF-PARDS diagnosis and was asso-
ciated with higher mortality, fewer VFDs, and fewer 
PFDs. Taken together, these data suggest that trials 
testing strategies or therapeutics aimed at halting di-
sease progression are likely feasible and warranted in 
this high-risk cohort of children.

Early identification and rapid treatment to decrease 
subsequent organ failure has become a focus of clin-
ical and research strategies in adults with acute respi-
ratory distress syndrome and critically ill patients of 
all ages with conditions including sepsis, traumatic 

brain injury, and post-bypass low cardiac output  
(4, 8, 13–17). Development of the ARF-PARDS criteria 
has laid the foundation for trials targeting similar pre-
vention and early treatment in PARDS (2). In this study, 
we characterized this cohort of vulnerable pediatric 
patients, and several of our findings warrant consid-
eration when planning such trials. First, children fre-
quently met ARF-PARDS criteria before or upon PICU 
admission, so interventional PARDS prevention trials 
should consider screening for subjects across the hos-
pital including the emergency department and general 
wards to identify all at-risk patients. Second, identifying 
potential subjects as early as possible is vital because the 
window to intervene before PARDS diagnosis is 12–48 
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TABLE 3. 
Multivariate Models of Factors Associated With Subsequent Pediatric Acute Respiratory 
Distress Syndrome (PARDS) Among All Subjects, Children on Nonnasal Support At Risk 
For (ARF)-PARDS Diagnosis, and Children on Nasal Support ARF-PARDS Diagnosis

Variable

All Subjects
Children on Nonnasal  

Support
Children on Nasal  

Support

Adjusted  
OR (95% CI) p

Adjusted  
OR (95% CI) p

Adjusted  
OR (95% CI) p

Initial ratio of Spo2/Fio2 0.91 (0.85–0.97) < 0.01 0.89 (0.79–1.00) 0.04 0.89 (0.82–0.96) < 0.01

Initial heart rate 0.97 (0.77–1.22) 0.76 — — 0.94 (0.73–1.21) 0.62

Next heart rate 1.27 (1.01–1.59) 0.04 — — 1.35 (1.08–1.68) 0.01

Diuretics on day 0 4.82 (1.78–13.04) < 0.01 — — 4.71 (1.55–14.35) < 0.01

OR = odds ratio.
All subjects: Model contains 204 subjects. Changes in vital signs are for each increase of 10 U relative to the mean value (initial ratio of 
Spo2/Fio2 [SF]: 207.1, initial hazard ratio [HR]: 138.2, next HR: 131.5). Use of total parenteral nutrition removed from the model due to 
low frequency. If heart rate is removed from the model, sample size increases to 269 and both initial SF ratio (adjusted OR [aOR], 0.91; 
0.87–0.95;  
p < 0.01) and diuretics (3.22; 1.64–6.37; p < 0.01) remain significantly associated with subsequent pediatric acute respiratory distress 
syndrome (PARDS).
Nonnasal subjects: Model contains 70 subjects. Changes in vital signs are for each increase of 10 U relative to the mean value (initial 
SF: 275.6).
Nasal subjects: Model contains 155 subjects. Changes in continuous variables are for each increase of 10 U relative to the mean 
value (initial SF: 184.5, initial HR: 141.9, next HR: 134.8). If heart rate is removed from the model, sample size increases to 202, and 
both initial SF ratio (aOR, 0.90; 0.85–0.95; p < 0.01) and diuretics (3.41; 1.39–8.37; p < 0.01) remain significantly associated with 
subsequent PARDS.
Dashes indicates that the variable was not included in that multivariate model.

hours in most patients. Third, PARDS prevention trials 
should enroll patients on HFO, NIV, or invasive MV be-
cause we observed that ~20% of ARF-PARDS subjects 
supported by each modality were later diagnosed with 
PARDS. These data also suggest some equipoise in res-
piratory modes to support children with ARF-PARDS. 
Fourth, trials are unlikely to be prognostically enriched 
by targeting children with specific PARDS triggers or 
chronic conditions, as these factors were not independ-
ently associated with subsequent PARDS. Finally, using 
our data for sample size calculations, approximately 
400 subjects (200/arm) would be required to test if an 
intervention decreased the rate of subsequent PARDS 
by 50%, requiring multicenter collaborations or devel-
oping a pediatric network akin to PETAL.

This is the first multicenter study to estimate the 
prevalence of ARF-PARDS, and we found that the 
prevalence of ARF-PARDS (3.8%) is similar to those of 
cardiac arrest (4.2%) (18) and traumatic brain injury 
(3.3%) in critically ill children (19). Our observed prev-
alence of ARF-PARDS in North American subjects on 

respiratory support (6.7%) approached that of severe 
sepsis in children cared for in North American PICUs 
(7.7%) (20). The hospital-wide volume of ARF-PARDS 
is likely higher considering that general ward patients 
may also meet ARF-PARDS criteria as many centers 
use HFO outside the PICU, and the rate at which these 
children develop PARDS requires evaluation (21). 
Expert guidelines like those available for sepsis (14), 
cardiac arrest (18), and traumatic brain injury (15) may 
be warranted for ARF-PARDS once sufficient evidence 
is available and could help decrease practice variability.

We aimed to identify risk factors for subsequent 
PARDS. Lower initial SF ratio was the only variable 
consistently associated with subsequent PARDS, which 
is unsurprising as hypoxemia has been associated with 
unfavorable outcomes in previous cohorts of children 
with lung disease (1, 22, 23). Lower SF ratio was the 
one risk factor identified among children on nonnasal 
modes. Importantly, it is only those subjects who de-
finitively had mild hypoxemia at ARF-PARDS diag-
nosis and then “progressed” to PARDS, as the degree of 
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hypoxemia on nasal modes is not reliably measurable, 
which supports the reliability of SF ratio as a predictive 
marker. Increasing heart rate is also a plausible way to 
identify children progressing to PARDS for clinical or 
research purposes. But, the nasal patients in whom that 
association was observed require a clinician to initiate a 
nonnasal mode in order to be diagnosed with PARDS, 
and the influence of progressive tachycardia on clini-
cian behavior may explain our findings. Similarly, di-
uretic administration may be a marker of treatment 
intensity more than a causative factor given its asso-
ciation with PARDS in only the nasal subgroup and 
the benefits of conservative fluid strategies in severe 
lung disease (24). Rates varying by geographic region 
could relate to differences in PICU admission criteria, 
diagnoses, or treatment strategies, although the rate of 
PARDS was similarly highest in North America in the 
main PARDIE study (1). Unlike a prior single-center 
study of children with bronchiolitis who met ARF-
PARDS criteria, we did not find that younger children 
were at increased risk of subsequent PARDS (25). We 
also identified a lower rate of subsequent PARDS than 
the rate observed in that study (32%).

To our knowledge, this is the most comprehensive 
study of the epidemiology, risk factors, and outcomes 
of children meeting ARF-PARDS criteria to date. 
However, our study has several limitations. First, we 
did not enroll children not meeting ARF-PARDS crite-
ria and measure their rate of subsequent PARDS, so we 
cannot determine whether the PALICC ARF-PARDS 
criteria truly identify “at-risk” children. However, the 
frequency of PARDS in our ARF-PARDS cohort (21%) 
is several-fold higher than the frequency reported 
in the general PICU population (3%), and we found 
only limited ways to improve predictability of PARDS, 
both of which suggest that the ARF-PARDS criteria 
successfully identifies a high-risk cohort (1). Second, 
some data were missing or unusable. However, we had 
sufficient data to construct models that identified risk 
factors for subsequent PARDS and showed that sub-
sequent PARDS was independently associated with 
unfavorable clinical outcome. Third, we reported rates 
of subsequent PARDS across geographic regions, but 
small sample sizes may limit generalizability in some 
regions. Fourth, the PALICC definition does not 
allow children to meet PARDS criteria while on nasal 
modes, so we may have under-estimated the number 
of children who developed gas exchange impairments 

equivalent to PARDS. Given that more than half of our 
ARF-PARDS subjects were on HFO or nasal NIV, de-
veloping methods to diagnose PARDS on nasal sup-
port is essential, in part to prevent enrolling children 
who already have severely abnormal gas exchange in 
PARDS prevention trials. This idea, which has also 
been suggested by adult intensivists (26, 27), may be 
particularly important given increasing use of nasal 
modes for diseases ranging from critical bronchiolitis 
to coronavirus disease 2019 (28–30).

In conclusion, PICU patients who meet ARF-PARDS 
criteria are at high risk of subsequent PARDS, and there 
exists a 12–48-hour window of opportunity in which 
interventions to reduce progression to PARDS may be 
effective. Given the markedly worse outcomes associated 
with subsequent PARDS, interventional trials aimed at 
reducing subsequent PARDS are warranted and should 
screen all hypoxemic patients with a PARDS trigger and 
infiltrate on chest radiograph regardless of type of respi-
ratory support modality or comorbid conditions.
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APPENDIX 1. V4 PARDIE INVESTIGATORS AND THE PALISI NETWORK

Country Institution Investigators

Argentina Hospital Nacional Profesor Alejandro 
Posadas

Nilda Agueda Vidal, Deheza Rosemary, Gonzalo Turon, 
Cecilia Monjes

Hospital de Ninos de la Santisima Trinidad 
de Cordoba

Maria Jose Montes, Patricia Capocasa, Marcela Ferreyra

Sanatorio de Ninos de Rosario Fernando Paziencia

Australia Princess Margaret Hospital for Children Simon Erickson, Samantha Barr, Sara Shea

China Children’s Hospital of Fudan University Yang Chen

Colombia Hospital General de Medellin Yurika Paola Lopez Alarcon

Hospital Militar Central Ledys Maria Izquierdo

Hospital de San Jose Pablo Vasquez Hoyos

Ecuador Hospital Metropolitano Santiago Campos-Miño, Rocio Yerovi

France Centre Hospitalier Universitaire de Nantes Pierre Bourgoin

Greece University of Crete, University Hospital PICU George Briassoulis, Stavroula Ilia

(Continued )
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Italy Ospedale Pediatrico Bambino Gesu Fabrizio Chiusolo

Saudi Arabia King Abdullah Specialist Children’s Hospital, 
King Abdulaziz Medical City

Tarek Hazwani, Nedaa Aldairi, Ahmed Al Amoudi, Ahmad 
Alahmadti

Spain Cruces University Hospital Yolanda Lopez Fernandez, Juan Ramon Valle, Lidia 
Martinez, Javier Pilar Orive

Hospital Clinico Universitario de Valladolid Marta Brezmes

Hospital General Universitario Gregorio 
Maranon

Jesus Lopez-Herce

Hospital Universitario Nino Jesus Amelia Martinez de Azagra

Virgen de la Arrixaca University Hospital Susana Reyes Dominguez

Turkey Izmir Katip Celebi University Medical School 
and Tepecik Research and Training 
Hospital

Fulya Kamit Can, Ayse Berna Anil

United Kingdom Nottingham University Hospitals Catarina Silvestre

United States Children’s Hospital Los Angeles Robinder Khemani, Christopher Newth, Anoopindar Bhalla, 
Jeni Kwok, Rica Morzov

Children’s Hospital and Medical Center, 
Omaha

Sidharth Mahapatra, Edward Truemper, Lucinda Kustka

Children’s Hospital of Philadelphia Nadir Yehya, Natalie Napolitano, Marie Murphy, Laurie 
Ronan, Ryan Morgan, Sherri Kubis, Elizabeth Broden

Children’s Hospital of Wisconsin Rainer Gedeit, Kathy Murkowski, Katherine Woods, Mary 
Kasch

Children’s Mercy Hospital and Clinics Yong Y. Han, Jeremy T. Affolter, Kelly S. Tieves, Amber 
Hughes-Schalk

Cincinnati Children’s Hospital Medical 
Center

Ranjit S. Chima, Kelli Krallman, Erin Stoneman, Laura 
Benken, Toni Yunger

Indiana University School of Medicine/Riley 
Hospital for Children

Courtney Rowan, Melissa Bales

Northwestern University, Ann & Robert H. 
Lurie Children’s Hospital of Chicago

Bria Coates, Lawren Wellisch, Kiona Allen, Avani Shukla

Penn State Hershey Children’s Hospital Neal J. Thomas, Debbie Spear
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