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OBJECTIVES: We conducted an updated review of the literature on pulmonary-
specific ancillary therapies for pediatric acute respiratory distress syndrome 
(PARDS) to provide an update to the Pediatric Acute Lung Injury Consensus 
Conference recommendations and statements about clinical practice and 
research.

DATA SOURCES: MEDLINE (Ovid), Embase (Elsevier), and CINAHL Complete 
(EBSCOhost).

STUDY SELECTION: Searches were limited to children, PARDS or hypoxic res-
piratory failure and overlap with pulmonary-specific ancillary therapies

DATA EXTRACTION: Title/abstract review, full-text review, and data extraction 
using a standardized data collection form.

DATA SYNTHESIS: The Grading of Recommendations Assessment, 
Development, and Evaluation approach was used to identify and summarize evi-
dence and develop recommendations. Twenty-six studies were identified for full-
text extraction. Four clinical recommendations were generated, related to use of 
inhaled nitric oxide, surfactant, prone positioning, and corticosteroids. Two good 
practice statements were generated on the use of routine endotracheal suctioning 
and installation of isotonic saline prior to endotracheal suctioning. Three research 
statements were generated related to: the use of open versus closed suctioning, 
specific methods of airway clearance, and various other ancillary therapies.

CONCLUSIONS: The evidence to support or refute any of the specific ancillary 
therapies in children with PARDS remains low. Further investigation, including a 
focus on specific subpopulations, is needed to better understand the role, if any, 
of these various ancillary therapies in PARDS.

KEY WORDS: acute respiratory distress syndrome; corticosteroids; inhaled 
nitric oxide; pediatrics; prone positioning; surfactant

The spectrum of pediatric acute respiratory distress syndrome (PARDS) is 
heterogeneous. Differences in etiologies and in patient age and underlying 
comorbidities can influence its development and severity (1). Because there 
are minimal data to guide practice in PARDS, therapeutic strategies have 
been based on pathophysiology or extrapolated from adult or neonatal liter-
ature (2–8). The heterogeneity of PARDS can make therapies based on patho-
physiology challenging to investigate. How to best incorporate the adult acute 
respiratory distress syndrome (ARDS) evidence into pediatric practice is un-
clear. Therapies, such as prone positioning and corticosteroids, commonly em-
ployed in adults with evidence of survival benefit (2, 9), must still be evaluated 
to determine their effect in PARDS (10–13). Despite these limitations, many 
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pulmonary-specific ancillary therapies are used in 
children with PARDS.

Application of therapies for PARDS appear to 
be highly variable without a discernable pattern of 
use. A large, international PARDS Incidence and 
Epidemiology (PARDIE) observational cohort study 
evaluated the original Pediatric Acute Lung Injury 
Consensus Conference (PALICC) definitions and rec-
ommendations (14). A planned secondary analysis of 
PARDIE sought to describe the practice patterns of an-
cillary therapies (15). There was significant variability 
in oxygenation thresholds and timing at which each 
therapy was initiated and the combinations of various 
therapies used simultaneously. This variability was as-
sociated with comorbidities and global region, which 
highlights issues of the heterogeneity of PARDS and in-
ternational health equity for PARDS ancillary therapies.

In this article, we address key question number 4 
as outlined in the accompanying Methods article (16). 
What is the effectiveness and comparative effectiveness 
of pulmonary-specific ancillary treatments in children 
with PARDS? Below, we will provide an overview of 
the literature related to pulmonary-specific ancillary 
therapies for PARDS. Expert consensus recommenda-
tions made in the original PALICC recommendations 
(17) are updated using the findings of this systematic 
review that includes grading of evidence bias. Further, 
we will provide updated recommendations for clinical 
practice and future research.

METHODS

The details of the literature search are outlined in the 
PALICC-2 Methodology article in this supplement 
(16). A systematic review was conducted to identify 
relevant studies related to pulmonary-specific ancillary 
therapies in PARDS, that is, nonventilator therapies 
used explicitly for lung treatment. These specifically 
included studies related to the benefit of the following 
therapies: inhaled nitric oxide (iNO), surfactant, prone 
positioning, endotracheal suctioning, airway clearance, 
corticosteroids, and various other less common ancil-
lary therapies. Adult data were excluded. The complete 
search strategies can be found in Supplemental Table 
S1 (http://links.lww.com/PCC/C298). Details of title/
abstract review, full-text review, and data extraction, 
and generation of clinical practice recommendations, 
research statements, and policy statements are out-
lined in the PALICC-2 Methodology article (16).

RESULTS

Of 9,934 abstracts screened, 167 underwent full-text 
screening and 26 articles were included (Supplemental 
Fig. S1, http://links.lww.com/PCC/C298). Complete 
evidence-to-decision (EtD) framework tables support-
ing the recommendations are also provided in the sup-
plement and referenced below.

Inhaled Nitric Oxide

Recommendation 4.1. We suggest against the 
routine use of iNO in PARDS as compared to 
selective use of iNO in PARDS.
(Conditional Recommendation, low certainty 
of evidence, 98% agreement).
Remarks: There may be clinical benefit in the 
use of iNO in some phenotypes such as patients 
with documented pulmonary hypertension or 
severe right ventricular dysfunction. In addi-
tion, the use of iNO may be considered in 
patients with severe PARDS as a rescue from, 
or bridge to, extracorporeal life support. When 
used, assessment of benefit should be under-
taken within the first 4 hours and serially to 
minimize toxicity and to eliminate continued 
use in the absence of established effect.

Justification. iNO is used as an ancillary therapy in 
PARDS due to its pulmonary vasodilatory effects to im-
prove ventilation/perfusion matching. Our systematic 
review explored the comparative effectiveness of iNO 
in patients with PARDS (See EtD in Supplemental 
Table S2, http://links.lww.com/PCC/C298).

Three pediatric randomized clinical trials (RCTs) 
informed the original PALICC recommendation (13, 
18, 19). These three RCTs all demonstrated improved 
oxygenation with the use of iNO; however, there was 
no effect on mortality. A meta-analysis combining 
adult ARDS and PARDS data found similar results; 
improvement in oxygenation but no effect on mor-
tality (20). However, this meta-analysis also found 
a concern for an increase in renal impairment with 
iNO use (risk ratio, 1.59; 95% CI, 1.2–2.2). More re-
cently, there has been one additional pediatric RCT 
and two observational studies (Table 1). Bronicki et al 
(21) enrolled 55 children, randomizing subjects to ei-
ther iNO or placebo. Improvement in oxygenation was 
noted at 12 hours after starting iNO therapy, but this 
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TABLE 1.
Summary of New Data for Inhaled Nitric Oxide Treatment for Pediatric Acute Respiratory 
Distress Syndrome, Since First Pediatric Acute Lung Injury Consensus Conference

Lead Author, Year, Sample Size Study Design Findings 

Bronicki et al (21), 2015, n = 55 Randomized controlled trial: 
iNO vs placebo

Improved oxygenation at 12 hr (mean ± sd oxygenation index: 
15 ± 6 vs 25 ± 22; p = 0.03), but not sustained at 24 hr

More median VFD (15 vs 9 d; p = 0.05)

Higher rates of extracorporeal membrane oxygenation-free 
survival (92% vs 52%; p < 0.01)

No difference in overall survival (92% vs 72%; p = 0.07)

Gupta et al (22), 2016, n = 1,042 Observational database, 
propensity 1:1 matched 
analysis: iNO to controls

Less median VFD (10 vs 14 d; p < 0.00001)

Higher median hospital costs ($150,569 vs $102,823;  
p < 0.00001)

No difference in mortality (22% vs 20%; p = 0.40)

Bhalla et al (23), 2018, n = 499 Observational study, matched 
iNO to controls

No difference in mortality (OR, 1.3; 95% CI, 0.56–4.0;  
p = 0.54)a

No difference in VFD (OR for 0 VFD = 1.7 [95% CI, 
0.77–3.9; p = 0.19])a

iNO = inhaled nitric oxide, OR = odds ratio, VFDs = ventilator-free days.
aMatched analysis results presented.

was not sustained at 24 hours. While there was no dif-
ference in mortality, the iNO group had more ventila-
tor-free days (VFDs) at 28 days and were less likely to 
receive cardiopulmonary support with extracorporeal 
membrane oxygenation (ECMO). In 2016, Gupta et 
al (22) published a study linking the Virtual Pediatric 
Systems (LLC) database and the Pediatric Health 
Information System of 521 patients who received iNO 
matched to 521 controls. There was no difference in 
mortality. However, the iNO group had less VFDs and 
higher hospital costs. In another observational study 
of 499 children, Bhalla et al (23) found no difference in 
mortality or VFD. We pooled current RCT data with 
previous RCTs to perform a meta-analysis. The meta-
analysis revealed no statistical difference for all-cause 
mortality (Fig. 1A), VFD (Fig. 1B), ECMO use (Fig. 
1C), or duration of ventilation (Supplemental Fig. S2, 
http://links.lww.com/PCC/C298).

Benefits. Overall, iNO may improve oxygenation, 
however, the effect may not be sustained. Perhaps 
there is a benefit as a rescue from ECMO, however, 
it does not seem to improve mortality or duration of 
ventilation.

Harms and Burdens. There is concern for renal 
impairment and cost considerations for iNO. 
Methemoglobinemia is a rare complication, and the 

monitoring of methemoglobin levels is frequently con-
sidered. Not all countries or hospitals have access to iNO.

The certainty of the evidence is low with the small 
pediatric RCTs and the predominance of observa-
tional data. In conclusion, we cannot recommend 
the routine use of iNO. However, consistent with the 
European Society for Pediatric and Neonatal Intensive 
Care consensus statement, iNO can be considered in 
patients with known pulmonary hypertension or right 
ventricular dysfunction (24). It may also be considered 
as a rescue from or bridge to ECMO in severe PARDS 
cases. With the cost of the therapy and potential harm 
of kidney injury, it is important that assessment of iNO 
benefit be instituted within the first few hours to reduce 
unnecessary exposure and limit costs. Future investi-
gations should focus on determining which subphe-
notypes may be most responsive to iNO and if iNO 
improves clinically relevant outcomes in severe PARDS. 
It is also important that future studies balance positive 
effects with the potential harm of renal impairment.

Surfactant

Recommendation 4.2. We suggest against the 
routine use of surfactant therapy in PARDS as 
compared to selective use of surfactant.
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Figure 1. Results of metanalyses of randomized control trials for outcomes of inhaled nitric oxide (iNO) use in pediatric acute 
respiratory distress syndrome. Forest plots comparing iNO and placebo for the outcomes of all-cause mortality (A), ventilator-free days 
(VFDs) (B), and use of extracorporeal membrane oxygenation (ECMO) (C). Three studies were included (13, 18, 21). RCT = randomized 
clinical trial, REML = restricted maximum likelihood.
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(Conditional Recommendation, low certainty 
of evidence, 100% agreement).
Remarks: There may be a role for selective use 
of surfactant in specific populations, however 
there is insufficient evidence to guide which 
populations may benefit.

Justification. Historically, there was significant in-
terest in surfactant replacement therapy in PARDS due 
to the success in the neonatal population. This system-
atic review explored the comparative effectiveness of 
surfactant in children with PARDS (see Supplemental 
Table S3, http://links.lww.com/PCC/C298, for the EtD 
table).

Several well-done pediatric RCTs were conducted 
on the use of various types of surfactant in PARDS 
(25–32) and were described in detail in the original 
PALICC recommendations (17). In summary, almost 
all of these trials report an improvement in oxygenation 
but no effect on mortality. Some smaller trials found 
that surfactant was associated with a shorter duration 
of ventilation (26–28), but that finding was not con-
firmed in three larger RCTs. The first large RCT of sur-
factant found no difference in VFD or mortality (29), 
the second large follow-up RCT was stopped early for 
futility (31), and the third international study found no 
improvement in mortality or duration of ventilation 
(32). Since PALICC 2015, a few additional studies have 
been published. In 2018, Thomas et al (33) published 
a double-blind, placebo-controlled, RCT in children 
with leukemia or post-hematopoietic cell transplanta-
tion (HCT). This study was terminated early for low 
enrollment. There were more deaths in the surfactant 
group, but it was not significantly different. However, 
there was an excess of children post-HCT (who are 
noted to have a very high PICU mortality) in the group 
that received surfactant. In 2017, Rodriguez-Moya et 
al (34, 35) published two prospective RCTs. In both 
trials, the surfactant group had improved oxygenation 
and improved survival. While the results of these two 
studies may seem promising, the generalizability of 
these results should be considered with caution. The 
mortality in the control group is substantially higher 
than what is typically reported in PARDS (14). Further, 
there was a noted high risk of bias, with authors of these 
two studies reporting a financial relationship with the 
surfactant company.

Benefits. On compiling these data into a meta-analy-
sis, there was no difference in mortality (Fig. 2A), VFD 

(Fig. 2B), or duration of ventilation (Supplemental 
Fig. S3, http://links.lww.com/PCC/C298) with surfac-
tant use compared with usual care. We excluded two 
studies (34, 35) from this meta-analysis, due to poten-
tial for bias (vested interests) and because these two 
studies had markedly higher mortality compared with 
most studies reported in the literature. The results of 
a secondary meta-analysis, without exclusion of the 
two biased studies, are available in the supplement 
(Supplemental Fig. S4, http://links.lww.com/PCC/
C298).

Harms and Burdens. The risks with surfactant ad-
ministration are not negligible. Our meta-analysis  
also examined adverse events reported in RCTs 
(Supplemental Fig. S5, http://links.lww.com/PCC/
C298). For the surfactant group, there was a higher risk 
of hypotension (Supplemental Fig. S6, http://links.
lww.com/PCC/C298), hypoxia (Supplemental Fig. 
S7, http://links.lww.com/PCC/C298), and bradycardia 
(Supplemental Fig. S8, http://links.lww.com/PCC/
C298), and similar risk of pneumothorax (Supplemental 
Fig. S9, http://links.lww.com/PCC/C298).

Balance of Effects. With numerous studies and 
well-conducted, large, multicenter trials demonstrat-
ing no significant benefit on clinical outcomes, com-
bined with the consideration for potential harm, we 
cannot recommend routine use of surfactant admin-
istration for PARDS. The certainty of evidence effect 
was judged as low.

Other Considerations. Numerous studies have 
demonstrated improved oxygenation with surfactant 
use, which may entice investigators to consider further 
study. There must be a focus on specific populations 
that may benefit, the type of surfactant, and consider-
ations of optimal delivery to minimize adverse events.

Prone Positioning

Recommendation 4.3. There are insufficient 
definitive data to support or refute the use of 
prone positioning in patients with PARDS.
(Conditional recommendation, low certainty 
of evidence, 94% agreement).
Remarks: The use of prone positioning may 
be considered in patients with PARDS and 
hypoxemia not responding to other interven-
tions. If used, improvement in oxygenation 
while in the prone position should be assessed. 
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Figure 2. Results of metanalyses of randomized control trials for outcomes of surfactant use in pediatric acute respiratory distress 
syndrome. Forest plots comparing inhaled surfactant and placebo for the outcomes of all-cause mortality (A) and ventilator-free days 
(VFDs) (B). Five studies were included (25, 29–32). REML = restricted maximum likelihood.

We cannot make recommendations on the du-
ration of prone positioning.

Justification. Prone positioning is employed in adults 
with ARDS because data demonstrate improvement in 
survival (2). Such data are lacking in pediatric practice. 
This systematic review explored the comparative effec-
tiveness of prone positioning in children with PARDS.

Summary of Evidence. Numerous pediatric reports 
and trials have found that prone positioning can be done 

safely with improved oxygenation (11, 12, 36–40). These 
studies led to a RCT of 102 children randomized to su-
pine or prone positioning within 48 hours of developing 
acute lung injury (12). While 90% of patients random-
ized to the prone position had improvement in oxygena-
tion, the study was stopped early due to futility. There was 
no difference in the primary outcome of VFD or any of 
the secondary outcomes including mortality. Two meta-
analyses, combining adult and pediatric data, suggest that 
prone positioning might be best for those with severe 
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hypoxemic respiratory failure (i.e., ratio of Pao2/Fio2 < 
150 mm Hg) in whom low tidal volume was also used (41, 
42). One of these found that prone positioning improved 
mortality but only for patients who had a Pao2/Fio2 less 
than 100 mm Hg (risk ratio, 0.84; 95% CI, 0.74–0.96;  
p = 0.01; seven trials, n = 555) (42). A large RCT in adults 
with severe ARDS (Pao2/Fio2 < 150 mm Hg) had a similar 
finding, demonstrating a 50% reduction in mortality at 28 
days (2). A recently published meta-analysis of six pedi-
atric trials (one trial of bronchiolitis that was not included 
in this recommendation, five trials published before the 
2015 PALICC recommendations) found that there was 
not enough evidence to make a recommendation about 
prone positioning (43). Overall, no new studies were iden-
tified for inclusion that were published since the original 
PALICC recommendations on prone positioning.

Prone positioning seems to be rarely employed in 
PARDS. In the aforementioned secondary analysis of 
the PARDIE data, only 10% of patients were placed 
in the prone position (15). There were significant re-
gional and geo-economic differences associated with 
prone use. Prone positioning was rarely used in North 
America (p < 0.001) and more often used in middle-
income countries (p < 0.001), smaller PICUs (p < 
0.001) and PICUs without an ECMO program (p < 
0.001). When it was used, there was a high variability 
in the length of time spent in the prone position.

Benefits. Overall, there appears to be consistent 
evidence demonstrating oxygenation improvement 
in children with PARDS who are placed in the prone 
position.

Harms or Burdens. While there may be concern for 
harm with prone positioning including loss of central 
lines, endotracheal tube dislodgement, and pressure 
injuries, in general, the literature supporting its safe 
use is robust (11, 38, 44).

Balance of Effects. With the lack of data demonstrat-
ing improved clinical outcomes in PARDS, we cannot 
support or refute the routine use of prone positioning 
in PARDS.

The “certainty of evidence” was considered low 
(Supplemental Table S4, http://links.lww.com/PCC/
C298).
Implementation Considerations. Prone positioning, 
unlike some other ancillary supportive therapies, may 
be easier to implement across different geo-economic 
health settings, resulting in increased global health 
equity. Aside from the presence of experienced staff, 

it is an inexpensive therapy that requires no special 
equipment.

Conclusions. The strong data supporting use of prone 
positioning in adults with ARDS, and the consistent 
improvement in oxygenation in PARDS, demands fur-
ther investigation in children. Future studies should 
focus on severe PARDS, with attention to time in the 
prone position. Additionally, with the different physi-
ologic respiratory mechanics seen across age groups, a 
focus on impact on various age strata may be important. 
The ongoing PRone and OScillation Pediatric Clinical 
Trial (NCT03896763) is recruiting worldwide and may 
provide definitive answers for patients 2 weeks to 20 
years old. In a 2 × 2 factorial design, it is investigating 
prone positioning combined with either conventional 
or high frequency oscillatory mechanical ventilation in 
children with moderate-to-severe PARDS.

Endotracheal Suctioning

Good practice statement 4.4.1. In intubated 
patients with PARDS, an unobstructed airway 
should be maintained.
(Ungraded good practice statement, 98% 
agreement).
Remark: Endotracheal suctioning must be per-
formed with caution to minimize the risk of 
de-recruitment.
Research statement 4.4.2. We cannot make a 
recommendation on the use of a closed versus 
an open suctioning system. Future research 
should focus on the impact of closed and open 
suctioning systems on outcomes.
(Ungraded research statement, 90% 
agreement).
Remarks: In severe PARDS, consideration 
should be given to the technique of suctioning 
with careful attention to minimize the poten-
tial for de-recruitment.
Good practice statement 4.4.3. The routine 
instillation of isotonic saline prior to endotra-
cheal suctioning should not be used in patients 
with PARDS.
(Ungraded good practice statement, 94% 
agreement).
Remarks: The instillation of isotonic saline prior 
to endotracheal suctioning may be considered 
for lavage to remove thick tenacious secretions.
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Endotracheal tube suctioning has clear benefits. It is 
necessary to maintain a clear airway for adequate oxy-
genation and ventilation. While it is frequently used in 
the PICU, there is little evidence to support the exact 
method or frequency of suctioning. Observational 
studies have demonstrated loss of lung volume with 
endotracheal suctioning (45), and this was particularly 
noticeable with open endotracheal suction (46–48). 
Loss of lung recruitment must be considered, particu-
larly in PARDS where lung compliance is poor. Isotonic 
saline has been used to clear secretions from the en-
dotracheal tube; however, there are considerations 
for harm. In intubated children, not specifically with 
PARDS, McKinley et al (49) randomized 427 to one 
of three endotracheal suctioning treatment groups: 
no saline, 0.2% saline, and 0.9% saline instillation. No 
saline use was just as effective as either saline instilla-
tion. Again, not specific to PARDS, an integrative re-
view of three pediatric studies found that endotracheal 
suction led to a transient decrease in oxygen satura-
tion (50). The American Association of Respiratory 
Care (AARC) published clinical guidelines for caring 
for intubated children (51). The AARC recommended 
as-needed suctioning only, using breath sounds, secre-
tion visualization, and a sawtooth pattern on ventilator 
waveforms as indicators for the need for suctioning. 
The organization also recommended that normal sa-
line should generally be avoided with suctioning. With 
the current paucity of data in children with PARDS, we 
cannot recommend the routine use of an open versus 
closed system or the instillation of isotonic saline with 
suction. We do recognize that intermittent suctioning, 
particularly in the clear presence of secretions will be 
needed to maintain a clear airway and that thick, te-
nacious secretions may require isotonic saline lavage 
for clearance. Lung volume loss must be considered 
when suctioning, particularly if using open suction-
ing. Further investigation regarding routine endotra-
cheal suctioning and optimal techniques may benefit 
the care of the PARDS patient.

Airway Clearance

Research statement 4.5. We cannot make a 
recommendation on the use of specific meth-
ods of airway clearance (such as chest phys-
iotherapy and mucolytics) in patients with 
PARDS. Future research should focus on the 

impact of specific airway clearance methods 
on outcomes, and on specific populations 
likely to benefit from these methods.
(Ungraded research statement, 96% 
agreement).

Various mechanical methods, such as manual chest 
physiotherapy, percussive vest therapy, or intrapul-
monary percussive therapy are sometimes used for 
airway clearance. These mechanical therapies are often 
combined with pharmacologic therapies such as beta-
agonists and mucolytics (52). There is no evidence to 
support or refute these therapies in PARDS. There are 
also potential negative effects, such as the side effect 
profile of the various medications used and the as-
sociated financial costs. Despite the lack of evidence 
of benefit and the potential harm, these therapies are 
often applied. In the PARDIE cohort, over 50% of the 
children received bronchodilators in the first 72 hours 
of PARDS (15). Further investigation is needed to bet-
ter understand the role airway clearance strategies may 
have in the care of children with PARDS.

Corticosteroids

Recommendation 4.6. We suggest against 
the routine use of corticosteroids in patients 
with PARDS as compared to selective use of 
steroids.
(Conditional Recommendation, low certainty 
of evidence, 96% agreement).
Remarks: There may be some benefit in patients 
with PARDS caused by SARS-CoV-2, however 
we cannot make recommendations regarding 
other specific populations for use.

Justification. Corticosteroids have been proposed as 
treatment for adults with ARDS to combat the known 
inflammatory process that occurs in the lungs. While 
there is evidence that glucocorticoid administration 
in children with PARDS results in decreased inflam-
matory markers (53), there is little evidence that it 
improves outcomes. This systematic review explored 
the comparative effectiveness of corticosteroids in 
children with PARDS.

Summary of Evidence. Since the original 2015 
PALICC recommendations (17), a few additional stud-
ies have been published (Table 2). In 2015, Yehya et al 
(54) published an observational study of 283 children 
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with PARDS, 60% of whom received corticosteroids 
(predominantly hydrocortisone and methylpredniso-
lone) for over 24 hours. On multivariable and propen-
sity score-adjusted analysis, exposure to corticosteroids 
was associated with fewer VFD at 28 days (odd ratio, 
–2.98 d [95% CI, –5.09 to –0.88 d]; p = 0.009) and 
longer duration of mechanical ventilation in survivors 
(p = 0.011). While on univariable analysis, those with 
steroid exposure had a higher mortality (17% vs 8%, 
p = 0.03), this difference was no longer significant on 
adjusted analysis. In 2015, Drago et al (55) published 
a small double-blind RCT of 35 children who were 
randomized to either methylprednisolone (n = 17) 
or placebo (n = 18). In this small study, there was no 
difference in duration of ventilation, length of stay, or 
mortality. However, those that received steroids were 
less likely to require supplemental oxygen at transfer 
out of the PICU. Finally, another observational study 
also suggests that children with PARDS who have an 
improvement in oxygenation following steroid admin-
istration have greater odds of survival (74% vs 41%; 
OR, 4.14; 95% CI, 1.57–10.87; p = 0.004) (56).

While the data for PARDS is lacking, data has 
emerged supporting the use of early dexamethasone 

in adults with ARDS. Villar et al (9) published a mul-
ticenter RCT of 277 adults with moderate-to-severe 
ARDS randomized to either IV dexamethasone (20 mg 
daily from days 1 to 5 and then 10 mg daily from days 
6 to 10) or to placebo. The dexamethasone group had 
4.8 more VFDs (p < 0.0001) and a lower mortality 
(21% vs 36%; p = 0.0047). In this study, there was no 
increase in the occurrence of hyperglycemia or new 
infections.

Balance of Effects. Overall, there is not enough data 
in PARDS to support the routine use of corticoste-
roids, and the “certainty of evidence” was considered 
low (Supplemental Table S5, http://links.lww.com/
PCC/C298, EtD corticosteroids).

Other Considerations. Recent adult ARDS data and 
emerging data from patients with COVID-19 (57–59) 
suggest there may be a role in certain populations. 
However, many questions remain, including type of 
steroid, dosage, timing of initiation, and duration of 
therapy. Future investigation must focus on answering 
these questions. Additionally, any benefit of cortico-
steroid use must be carefully balanced with any risk, 
in particular, the risk of immunosuppression and new 
infections.

TABLE 2.
Summary of New Data for Corticosteroids for Treatment of Pediatric Acute Respiratory 
Distress Syndrome, Since First Pediatric Acute Lung Injury Consensus Conference

Lead Author, Year, 
and Sample Size Study Design Findings 

Yehya et al (54), 2015, 
n = 283

Observational study, steroids for > 24 hr 
(n = 169) vs others

Less ventilator-free days (coefficient: –0.12 [95% CI, –0.18 
to –0.07; p < 0.001)a

Longer ventilation duration in survivors (log coefficient, 0.02; 
95% CI, 0.01–0.03; p < 0.001)a

No difference in mortality (OR, 1.02; 95% CI, 1.00–1.04;  
p = 0.101)a

Drago et al (55), 2015, 
n = 35

Randomized controlled trial; 
methylprednisolone (2 mg/kg loading 
followed by 1 mg/kg/d × 7 d) vs 
placebo

Less likely to need supplemental o2 at PICU transfer (76% 
vs 100%; p = 0.01)

No difference in mean (± sd) duration of ventilation (9.7 ± 6.6 
vs 9.6 ± 5.2 d; p = 0.94)

No difference in mean (± sd) PICU length of stay (13.5 ± 6.6 
vs 15.2 ± 8.3 d; p = 0.51) 

No difference in hospital survival (100% vs 88%; p = 0.15)

Mitting et al (56), 
2019, n = 78

Observational study of children 
with pediatric acute respiratory 
distress syndrome receiving IV 
methylprednisolone

Steroid “responders” had improved survival (74% vs 41%; 
OR, 4.14 [1.57–10.87]; p = 0.004)

OR = odds ratio.
aPropensity adjusted analysis presented.

D
ow

nloaded from
 http://journals.lw

w
.com

/pccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
2+

Y
a6H

515kE
=

 on 11/21/2023

http://links.lww.com/PCC/C298
http://links.lww.com/PCC/C298


Copyright © 2023 by the Society of Critical Care Medicine and the World Federation of Pediatric Intensive and Critical Care Societies.
Unauthorized reproduction of this article is prohibited

LWW 01/6/23 2 Color Fig 15:24 Art: 08_PCCM-D-22-00527

Rowan et al

S108     www.pccmjournal.org February 2023 • Volume 24 • Number 2 (Suppl 1)

Other Ancillary Therapies

Research statement 4.7. We cannot make a 
recommendation on the use of the following 
ancillary treatment in patients with PARDS: 
helium-oxygen mixture, inhaled or IV pros-
taglandins therapy, plasminogen activators, 
fibrinolytics or other anticoagulants, inhaled 
β-adrenergic receptor agonists or ipratropium, 
or IV N-acetylcysteine for antioxidant effects. 
Future research should focus on the impact of 
these treatments and on specific populations 
likely to benefit from them.
(Ungraded research statement, 96% 
agreement).

Therapies such as helium-oxygen mixture, inhaled 
or IV prostaglandins therapy, plasminogen activa-
tors, fibrinolytics or other anticoagulants, inhaled 
β-adrenergic receptor agonists or ipratropium, or IV 
N-acetylcysteine for antioxidant effects have, in ge-
neral, not been well-studied in PARDS.

In children with acute lung injury, one observational 
study and a small RCT have investigated the use of inhaled 
prostaglandin (60, 61). Improvement in oxygenation was 
noted but no other patient outcomes have been studied. 
More recently, there was a small RCT of 66 children with 
PARDS randomized to oral Ambroxol (40 mg/kg/d di-
vided into four doses) or placebo for 10 days (62). As a 
mucolytic with anti-inflammatory properties, Ambroxol 
is an attractive therapeutic option, in particular, because 
of its low cost. In this small RCT, Ambroxol appeared safe, 
but there was no difference in VFD or mortality between 
groups. Experimental therapies have been investigated 
in groups that are high risk for PARDS, such as children 
post-allogeneic HCT. Etanercept, a soluble tumor ne-
crosis factor alpha binding protein, has been studied in 
this population and found to improve outcomes in idi-
opathic pneumonia syndrome (63–65). However, this 
has not been studied in other pediatric populations 
with PARDS. With the paucity of data, we are not able 
to make a recommendation for these therapies. Further 
study is needed to determine their efficacy in treatment 
of patients with PARDS.

CONCLUSIONS

The evidence to support or refute use of these specific 
ancillary therapies remains low. Data demonstrating 

improvement in adults with ARDS with the use of prone 
positioning and corticosteroids have not been replicated 
in children. While there are data in PARDS demonstrat-
ing improvement in oxygenation with iNO, surfactant, 
and prone positioning, there is a lack of data to support 
improvement in clinically relevant outcomes, namely 
mortality or duration of ventilation. It is unclear how this 
improvement in oxygenation is associated with long-
term neurologic, pulmonary or quality-of-life outcomes. 
Further investigation, including a focus on specific sub-
populations, is needed to better understand the role, if 
any, of these various ancillary therapies in PARDS.
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