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Abstract

Objective: To characterize immunocompromised-associated PARDS (I-PARDS) and contrast it 

to PARDS

Design: This is a secondary analysis of the 2016–2017 PARDS incidence and epidemiology 

(PARDIE) study, a prospective observational, cross-sectional study of children with PARDS

Setting: Dataset of 145 Pediatric Intensive Care Units (PICUs) across 27 countries

Patients: During 10 non-consecutive weeks (from 5/2016–6/2017), data about 

immunocompromising conditions (ICC, defined as malignancy, congenital/acquired 

immunodeficiency, post-transplantation, or diseases requiring immunosuppression) were collected.

Interventions: None

Measurements and main results: Of 708 subjects, 105 (14.8%) had ICC. Prior to the 

development of I-PARDS those with ICC were more likely to be hospitalized (70% vs 35%, p 

<0.001), have more at-risk for PARDS (p=0.046), and spent more hours at-risk (20 [IQR:8–46] vs 

11 [IQR:4–33], [p=0.002]). NIV use was more common in those with ICC (p<0.001). Of those 

diagnosed with PARDS on NIV (n=161), children with ICC were more likely to be subsequently 

intubated (n=28/40 [70%] vs n=53/121 [44%], p=0.004). Severe PARDS was more common 

(32% vs 23%, p<0.001) in I-PARDS. Oxygenation indices were higher at diagnosis and had less 

improvement over the first 3 days of PARDS (p<0.001). Children with I-PARDS had greater 

nonpulmonary organ dysfunction. Adjusting for PRISM IV and oxygenation index, children with 

I-PARDS had a higher severity of illness-adjusted PICU mortality (aHR:3.0 [95% CI:1.9, 4.7] 

p<0.001) and were less likely to be extubated alive within 28 days (sHR: 0.47 [95% CI:0.31, 0.71] 

p<0.001).

Conclusions: I-PARDS is a unique subtype of PARDS associated with hospitalization prior 

to diagnosis and increased: time at-risk for PARDS, NIV use, hypoxia, non-pulmonary organ 

dysfunction, and mortality. The opportunity for early detection and intervention seem to exist. 

Dedicated study in these patients is imperative to determine if targeted interventions will benefit 

these unique patients with the ultimate goal of improving outcomes.

Keywords

Immunocompromised Host; Respiratory distress syndrome; respiratory insufficiency; pediatrics; 
pediatric intensive care unit

One of the more challenging diagnoses in pediatric critical care is pediatric acute 

respiratory distress syndrome (PARDS). In the original report of the PARDS Incidence 

and Epidemiology (PARDIE) study we found PARDS occurs in 2–4% of patients admitted 

to the PICU, has a mortality rate of 20%, and has no specific treatment beyond optimizing 
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supportive care(1). In a subsequent publication using the PARDIE dataset and an external 

validation cohort immunocompromised children were found to have seven times the 

odds of mortality (2). Previous work in the most severely immunocompromised, those 

post hematopoietic cell transplant (HCT) show a high risk of PARDS at intubation and 

suggest that earlier interventions may attenuate poor outcomes(3, 4). Data about at-risk for 

PARDS, first proposed by the Pediatric Acute Lung Injury Consensus Conference (PALICC) 

(5) and further described by the PARDIE study, (6, 7) shows worse outcomes for all 

children who progress to PARDS from at-risk for PARDS. Additionally, data from PARDIE 

has recently shown that immunosuppression amongst other factors are independently 

associated with NIV failure (defined as intubation or death). NIV failure was 100% among 

patients with nonrespiratory PELOD-2 score greater than 2, PaO2/FIO2 less than 100, and 

immunosuppression all present(8). As the previous works from the PARDIE dataset have 

demonstrated ICC to have increased risks we embarked on this study to further describe this 

vulnerable population.

Since ICC with PARDS is associated with greater odds of mortality and NIV failure, in this 

report we aimed to better characterize the differences between PARDIE groups with and 

without ICC. We hypothesize that PARDS in children with ICC is fundamentally different 

from severe PARDS. We call this entity I-PARDS: Immunocompromised-associated 

Pediatric Acute Respiratory Distress Syndrome.

Materials and Methods:

Study design and patient selection

This is a secondary analysis of the PARDIE study. This large, international, cross-sectional 

study of PARDS was completed in 2016–2017, and the methodology and findings have 

been described in several reports (1, 2, 8). In brief, sites received regulatory/ethical 

approval locally or relied on the Children’s Hospital of Los Angeles Institutional Review 

Board (CHLA-16–00043, approved 2/8/16). Consent was waived. Procedures were followed 

in accordance with the ethical standards of the responsible committees on human 

experimentation and with the Helsinki Declaration of 1975.

PARDIE prospectively enrolled 708 subjects from 145 PICUs in 27 countries; each site 

prospectively screened over 5 days during 10 nonconsecutive weeks between May 2016 

and June 2017. Patients were included if they met PALICC PARDS criteria (5) within 24 

hours of enrollment including clinical insult within the previous 7 days, respiratory failure 

not fully explained by cardiac failure or fluid overload, new infiltrates on imaging and a 

hypoxemia minimum. Exclusions included: perioperative status from cardiac intervention 

and active perinatal lung disease. Demographics, center characteristics, and geographic 

categorization were collected. Data were collected at study entry and for the first 3 days after 

PARDS diagnosis, including oxygenation, ventilatory support, radiographs, daily (calendar 

day) non-pulmonary organ failure (Pediatric Logistic Organ Dysfunction [PELOD] 2 score) 

(9, 10), vasopressor requirement, fluid balance, use of ancillary therapies and comorbidities. 

Severity of illness measured using Pediatric Index of Mortality (PIM) 3 (11) and Pediatric 

Risk of Mortality (PRISM) IV (12) scores were collected at PICU admission. Ventilator data 

was censored at 28 days. Immunosuppressed status was noted with subtypes of etiologies, 
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including: malignancy, transplant status (solid organ or HCT), congenital or acquired 

immunodeficiency, or autoimmune disease on immunosuppressive therapy. Non-pulmonary 

organ dysfunction was defined as a non-pulmonary organ PELOD-2 score > 0. The 

following data were used as surrogate markers of organ dysfunction: cardiovascular using 

vasoactive medications and vasopressor inotropic score (13); renal using fluid balance (mL/

kg), diuretic treatment, and renal replacement therapy; hematological using blood product 

administration; metabolic/nutritional using parenteral nutrition prescription and treatment 

with insulin. All were collected on PARDS diagnosis and on Days 1, 2 and 3 and evaluated 

as organ dysfunction at any of these time points vs never having non-pulmonary organ 

dysfunction during that time. At-risk for PARDS and PARDS stratification were defined 

using the PALICC definitions (5, 14).

Statistical Analysis

Patients with or without ICC were compared. These results are presented as medians with 

interquartile ranges (IQRs) for continuous variables and compared using the nonparametric 

Wilcoxon rank sum test or as frequencies with percentages for categorical variables, and 

compared using the Chi-square or Fisher exact tests. For variables with more than two 

categories, pairwise comparisons were also done to obtain individual p values and were 

adjusted using Bonferroni correction. To control for repeated measures within patients, 

mixed effects longitudinal analysis with unstructured covariance and an interaction term 

was used to compare the difference in oxygen saturation index (OSI) changes over time. 

Cox proportional hazard regression was used to determine ICC association with mortality. 

Kaplan Meier was used to produce a 90-day mortality survival curve. Duration of ventilation 

was assessed with a competing risk regression model with successfully extubated and alive 

at 28 days as the outcome (analogous to ventilator free days at 28 days) and death as the 

competing risk. Both models were adjusted for PRISM IV score and initial oxygenation 

index (OI) equivalent (15) (OSI was transformed into an OI equivalent if OI not available). 

These covariates were chosen a priori to control for severity of PARDS at diagnosis and 

general risk of mortality. Race was equal between groups likely negating effect of skin tone 

on oxygenation measures. Models with and without race as a variable yielded the same 

results (data not shown). The threshold for statistical significance was set at p<0.05. STATA, 

for Windows, Version 17, was used for the analyses.

Results:

There were 708 children in the PARDIE cohort, of whom 14.8% (n=105) had ICC. The 

most common three ICCs were leukemia (27%), S/P allogeneic HCT (22%) and a congenital 

or primary immunodeficiency (10%) additional diagnoses are listed in Table S1. Patients 

with ICC were older (p< 0.001) and less likely to have additional comorbidities (Table 

1). At PICU admission, on univariable analysis, children with ICC were more likely to be 

admitted from the ward and have higher PRISM IV scores). There was no difference in sex 

or geographic region.
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PARDS diagnosis

Those with ICC were more likely to meet at-risk for PARDS criteria (p=0.046), which 

were often met before PICU admission (Table 2). These individuals had longer duration 

in at-risk for PARDS prior to PARDS development (p=0.002). The majority of the cohort 

was diagnosed with PARDS in the PICU. Risk factors for PARDS differed between groups. 

Those with ICC were more likely to have bilateral chest radiograph findings at diagnosis, 

and over the first two days of PARDS (Table S2). Children with ICC were more likely 

to be diagnosed with PARDS while on NIV (p<0.001). While children without ICC had a 

relatively even division of severity of PARDS at diagnosis, those with ICC had a bimodal 

distribution with the highest proportions being NIV PARDS and severe PARDS.

PARDS severity

Dichotomizing patients into severe versus not severe PARDS, those with ICC had a higher 

proportion with severe PARDS at diagnosis on all three study days and an overall higher 

severity of PARDS (Fig 1a and Fig S1). OSI and OI were consistently higher at every 

6-hour interval during the 72 hours following PARDS diagnosis (Fig 1b and Fig S2). While 

OSI in both groups had a general downward trend those with ICC had significantly less 

improvement in OSI over time (p = 0.001).

Mechanical ventilation and other supportive therapies

NIV was used more in those with ICC (p<0.001). Of those diagnosed with PARDS on NIV 

(n=161) the presence of ICC was associated with greater odds of subsequently requiring 

intubation (28/40 [70%] vs 53/121 [44%], p = 0.004; OR=2.99 [95%CI: 1.39 to 6.44], 

p = 0.005). Children with ICC spent a median of 13.8 (IQR: 3.1 to 34.8) hours on 

NIV with PARDS prior to intubation. A greater percentage of children with I-PARDS 

diagnosed on NIV progressed to severe PARDS (37.5% vs 19.8%, p=0.024) (Table S3). 

Mechanical ventilation strategies differed between groups on all three days with a higher 

proportion of those with ICC receiving NIV and high frequency oscillatory ventilation 

on analysis corrected using Bonferroni for multiple comparisons (p<0.001) (Table S4). 

Despite the higher percentage of severe PARDS in patients with ICC, we did not identify 

any association with use of pulmonary specific ancillary therapies such as inhaled nitric 

oxide, continuous neuromuscular blockade, prone positioning or extracorporeal membrane 

oxygenation (ECMO) (Table S5). More children with ICC received steroids (p<0.001), but 

not steroids specifically for PARDS (p=0.185).

Organ Dysfunctions and Outcomes

Non-pulmonary organ dysfunction at any point during the study period was more common 

in those with ICC (Table 3). While cardiovascular dysfunction was not different based on 

PELOD criteria, those with ICC used more vasoactive medications (p=0.005) and had a 

higher vasopressor-inotrope score at diagnosis (p=0.001). Renal dysfunction as exemplified 

by renal PELOD score (p=0.005), use of renal replacement therapy (p<0.001), and diuretic 

use (p=0.006) was greater in children with ICC. No difference in fluid balance at diagnosis, 

days 1, 2 or 3, was found (Table S6). Those with ICC had more hematological dysfunction 

by PELOD criteria (p<0.001) and blood product transfusions on the day of diagnosis and 

Gertz et al. Page 5

Pediatr Crit Care Med. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



subsequent three days. Total parenteral nutrition and insulin use were greater in children 

with ICC (p<0.001).

I-PARDS was associated with worse outcomes (Table 3). PICU mortality was higher in 

those with I-PARDS compared to PARDS (43.8% [n=46] vs 12.4% [n=75], p<0.001). 

Those with ICC had significantly lower 90-day survival (Fig S3). Adjusting for initial OI 

equivalent and PRISM IV score, those with ICC had a higher risk for both PICU (aHR:3.0 

[95% CI:1.9, 4.7], p<0.001) and 90-day mortality (aHR:2.9 [95%CI: 1.9, 4,5], p<0.001). A 

sensitivity analysis replacing PRISM IV with PIM and PELOD yielded similar results (data 

not shown). Children with ICC were more likely to die with multiorgan failure (p<0.001) 

and refractory shock (p=0.002). Those with ICC consistently had a higher 90-day mortality 

regardless of initial severity of PARDS or worst overall severity of PARDS (Fig 1). On 

subgroup analysis we stratified by severe and non-severe PARDS at diagnosis and worst 

PARDS overall, those with ICC had an increased risk of mortality in all categories (initial 

non-severe PARDS, initial severe PARDS, maximum non-severe PARDS, maximum severe 

PARDS (all p values <0.001) (Table 3). Those with ICC also had fewer median VFD at 

28 days (0 [IQR: 0, 22.3] vs 20.9 [11.8, 24.6] days, p<0.001). Adjusting for initial OI and 

PRISM IV with death as a competing risk, those with ICC had a sub-distribution hazard 

ratio that indicated they had a 53% reduction in being extubated alive within 28 days 

(sHR: 0.47 [95% CI:0.31, 0.71] p<0.001). Median PICU length of stay in survivors was not 

different (12.0 [7.6, 16.4] vs 10.6 [6.4, 19.8] days, p=0.311). While ECMO utilization was 

not different between groups mortality in those without ICC was 28% (5/18) and in those 

with ICC was 80% (4/5).

Hematopoietic Cell Transplant Recipients

The number of those post-HCT is small, but as there is special interest in this high-risk 

group, we have included a parallel analysis of ICC with no allogeneic HCT and those 

post-allogeneic HCT. Patients post-allogeneic HCT trended towards more severe PARDS, 

had significantly increased hospital mortality and fewer ventilator free days. (See HCT 

supplement).

Discussion

The PARDIE 2016–2017 international cohort of patients with PARDS demonstrates 

important differences in those with ICC. Our investigation suggests that I-PARDS is 

characterized by the following: more time spent in at-risk for PARDS; more NIV use; 

greater proportion of mortality occurring across PARDS severity categories; and more non-

pulmonary organ dysfunction. ICC was associated with greater hazard of mortality in the 

PICU and at 90-days. Many of these characteristics have also been noted in adults with ICC 

and ARDS (16). These observations extend our previous reports of ICC and NIV in the 

PARDIE dataset (2, 8) and show that I-PARDS deserves its own distinction. Children with 

I-PARDS have significant ICU needs, and as more ICC patients are hospitalized prior to 

PARDS diagnosis, they offer a unique opportunity for early and specific interventions.

At-risk for PARDS has worse outcomes when it progresses to PARDS (6). Children with 

ICC may represent an ideal population for early, targeted interventional trials to change 
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the trajectory of at-risk for PARDS with the ultimate goal of preventing or attenuating 

PARDS. Opportunities to study interventions such as early initiation of respiratory support, 

aggressive diuresis, or novel therapies may be more feasible in this population. We, along 

with previous studies (17, 18) demonstrated these patients are more likely to be hospitalized 

prior to PICU admission as compared to the general pediatric population. As children with 

ICC meet at-risk for PARDS criteria for longer, close monitoring for at-risk for PARDS may 

be useful in modifying the course and outcomes of I-PARDS.

Given the longer duration of at-risk for PARDS, higher use of NIV and higher rate of 

subsequent intubation, optimal pre-intubation respiratory support warrants investigation in 

children with ICC. Early continuous positive airway pressure in children with impaired 

immunity showed greater odds of mortality when this intervention was used, rather than 

standard care (19). In a 2009 – 2014 cohort of pediatric HCT recipients with respiratory 

failure, NIV exposure prior to intubation was associated with a higher PICU mortality (20) 

and the development of PARDS (21). In a multicenter study of children post-HCT from 

2010 – 2016, 60% failed NIV requiring intubation, compared to other general pediatric 

studies (some of which included ICC patients) showing an NIV failure rate of 18.7%−50% 

(8, 22, 23). More concerning, there was approximately a 10% cardiac arrest rate with 

intubation in the post-HCT population (22), which may be attributable to suboptimal timing 

of intubation. A Virtual PICU Systems Cohort (2014–2019) showed that pre-intubation NIV 

is associated with increased mortality, but only in children with ICC (17). The explanation 

for this association is unclear. One possibility described in the LUNG SAFE study of adult 

ARDS is that increased tidal volumes and transpulmonary pressures that can be injurious to 

the lung (24). Taking all of the above studies together, similar to adults with ICC (25), these 

data indicate that children with ICC who are not exposed to NIV prior to intubation have 

improved survival. We suggest that NIV use in I-PARDS needs a dedicated trial that, at a 

minimum, should investigate the optimal timing of NIV, as well as identify which patients 

should forgo a NIV trial and be intubated.

I-PARDS may be distinct from PARDS due to its underlying pathobiology. Since ICC 

increases the risk of infection, recurrent infections and inflammatory insults could lead 

to abnormal lung parenchyma, and potentially to more severe PARDS. Additionally, 

children with ICC are at risk for noninfectious pulmonary complications like graft-versus 

host disease, idiopathic pulmonary syndrome, bronchiolitis obliterans and other disease 

states ultimately leading to alveolar destruction (26). Thrombotic microangiography, 

abnormal endothelium, and pulmonary hemorrhage can contribute to pulmonary vasculature 

abnormalities and impaired gas diffusion (27). Children with ICC can have a dysregulated 

immune system which may respond inappropriately when faced with an infection or other 

inflammatory stressor resulting in the higher rates of non-pulmonary organ dysfunction. 

For example, phenotype 1 (hypo-inflammatory) and phenotype 2 (hyper-inflammatory) (28, 

29) data lend credibility to potential biological differences. The biologic and inflammatory 

differences may in-part contribute to the higher rates of non-pulmonary organ failure seen in 

I-PARDS. These differences may open avenues for novel therapeutic pathways specifically 

in patients with ICC. Defining the difference in clinical presentation of I-PARDS is the first 

step needed to lay the foundation for future investigations of PARDS in children with ICC.
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Our clinical approach to those with ICC may differ from our usual care for PARDS patients. 

For example, the PARDIE 2016–2017 experience of prolonged time spent in at-risk for 

PARDS, more NIV use at diagnosis, and the longer time on NIV prior to intubation, may 

reflect a clinical bias in practice for such patients based on historical outcomes (4) and 

may impact the treatment strategies employed in I-PARDS. The suggestion of a delay in 

intubation is reflected in the 2009–2014, twelve-center study of children post-HCT; children 

on supplemental oxygen for a week before intubation had higher mortality (3). This same 

cohort had greater odds of mortality for each day spent in the PICU prior to intubation (20). 

Clearly, we need to better understand the contemporary landscape of possible clinical biases 

in PICU practice and how they may impact the care of I-PARDS.

Through this study we have found that I-PARDS is distinct from PARDS and deserves its 

own categorization and dedicated investigation. The access to high level medical care at 

time of I-PARDS development, the degree and number of organ failures, potential prior 

medication exposures, particularly those with cardiac and pulmonary toxicities, and the 

associated high mortality demonstrate an opportunity and urgent need for investigation. 

As a community, we should not be excluding (30–33) children with ICC from PARDS 

clinical trials if we hope to change I-PARDS outcomes. While children with ICC constitute a 

fraction of the PICU population, they are responsible for a large burden of mortality. In this 

study children with ICC were less than 15% of the total cohort of 708 however, they were 

responsible for 38% of the mortality.

This study does have limitations. First, as a secondary analysis of a larger 2016–2017 

cohort, we do not have detail on the degree or type of immunodeficiency beyond underlying 

diagnosis. Understanding if the type of immunodeficiency, degree of immunosuppression, 

and/or prior medication/radiation exposure impacts I-PARDS outcomes is important. 

Second, diagnosis of organ dysfunction remains challenging in pediatric critical care (34) 

and medication utilization as a proxy for single organ dysfunction may be misleading. Third, 

data on degree of oxygenation failure and PARDS supportive strategies were only collected 

for 3 days following PARDS diagnosis. Data prior to patients having PARDS are limited 

and there may be therapies employed later in the course of PARDS that were not captured. 

As this is an observational study, individual clinicians at the beside made decisions when 

to place on NIV, when to intubate, when to use ancillary therapies, etcetera and there is 

no standardization globally of these practices. Fourth, As the children with I-PARDS were 

different in age, illness severity scores, and organ dysfunctions, we may not be comparing 

like groups which supports the argument that this population needs dedicated study. The 

large number of patients from multiple different institutions and countries adds strength to 

this study to help overcome these limitations but we cannot exclude the fact that these data 

are now 7 years old.

Conclusion

The 2016–2017 PARDIE cohort characterizes I-PARDS in which patients: 1) Are 

hospitalized prior to a diagnosis of PARDS 2) have increased at-risk for PARDS 3) receive 

more support with NIV 4) have more severe hypoxia 5) develop more non-pulmonary organ 

dysfunction and 6) have greater odds of mortality. These patients are in the wards, and we 
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are providing high-intensity medical care, yet outcomes remain poor. We desperately need to 

study these patients to improve their outcomes. Future investigation should work to develop 

targeted, optimized therapies to improve overall outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Funding:

Courtney Rowan is supported by K23HL150244

Dr. Bhalla received funding from non-healthcare stocks. Drs. Bhalla and Rowan received support for article 
research from the National Institutes of Health (NIH). Dr. Emeriaud’s institution received funding from Maquet 
and FRQS. Dr. Fitzgerald’s institution received funding from the NIH. Dr. Thomas received funding from 
Bayer. Dr. Yehya received funding from AstraZeneca. Dr. Rowan’s institution received funding from the NIH 
(K23HL150244).

References:

1. Khemani RG, Smith L, Lopez-Fernandez YM, et al. : Paediatric acute respiratory distress 
syndrome incidence and epidemiology (PARDIE): an international, observational study. The Lancet 
Respiratory Medicine 2019; 7:115–128 [PubMed: 30361119] 

2. Yehya N, Harhay MO, Klein MJ, et al. : Predicting mortality in children with pediatric acute 
respiratory distress syndrome: a pediatric acute respiratory distress syndrome incidence and 
epidemiology study. Crit. Care Med. 2020; 48:e514 [PubMed: 32271186] 

3. Rowan CM, McArthur J, Hsing DD, et al. : Acute Respiratory Failure in Pediatric Hematopoietic 
Cell Transplantation: A Multicenter Study. Crit. Care Med. 2018; 46:e967–e974 [PubMed: 
29965835] 

4. Rowan CM, Smith LS, Loomis A, et al. : Pediatric Acute Respiratory Distress Syndrome in 
Pediatric Allogeneic Hematopoietic Stem Cell Transplants: A Multicenter Study. Pediatr. Crit. Care 
Med. 2017; 18

5. Pediatric acute respiratory distress syndrome: consensus recommendations from the Pediatric 
Acute Lung Injury Consensus Conference. Pediatr. Crit. Care Med. 2015; 16:428–439 [PubMed: 
25647235] 

6. Shein SL, Maddux AB, Klein MJ, et al. : Epidemiology and Outcomes of Critically Ill Children at 
Risk for Pediatric Acute Respiratory Distress Syndrome: A Pediatric Acute Respiratory Distress 
Syndrome Incidence and Epidemiology Study. Crit. Care Med. 2022; 50:363–374 [PubMed: 
34582416] 

7. Hamill GS, Remy KE, Slain KN, et al. : Association of Interventions With Outcomes in 
Children At-Risk for Pediatric Acute Respiratory Distress Syndrome: A Pediatric Acute Respiratory 
Distress Syndrome Incidence and Epidemiology Study. Pediatr. Crit. Care Med. 2023; 24:574–583 
[PubMed: 37409896] 

8. Emeriaud G, Pons-Òdena M, Bhalla AK, et al. : Noninvasive Ventilation for Pediatric Acute 
Respiratory Distress Syndrome: Experience From the 2016/2017 Pediatric Acute Respiratory 
Distress Syndrome Incidence and Epidemiology Prospective Cohort Study. Pediatr. Crit. Care Med. 
2023

9. Leclerc F, Duhamel A, Deken V, et al. : Nonrespiratory pediatric logistic organ dysfunction-2 score 
is a good predictor of mortality in children with acute respiratory failure. Pediatr. Crit. Care Med. 
2014; 15:590–593 [PubMed: 24977439] 

10. Leteurtre S, Duhamel A, Salleron J, et al. : PELOD-2: an update of the PEdiatric logistic organ 
dysfunction score. Crit. Care Med. 2013; 41:1761–1773 [PubMed: 23685639] 

Gertz et al. Page 9

Pediatr Crit Care Med. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



11. Straney L, Clements A, Parslow RC, et al. : Paediatric index of mortality 3: an updated model 
for predicting mortality in pediatric intensive care*. Pediatr. Crit. Care Med. 2013; 14:673–681 
[PubMed: 23863821] 

12. Pollack MM, Holubkov R, Funai T, et al. : The Pediatric Risk of Mortality Score: Update 2015. 
Pediatr. Crit. Care Med. 2016; 17:2–9

13. Gaies MG, Gurney JG, Yen AH, et al. : Vasoactive-inotropic score as a predictor of morbidity 
and mortality in infants after cardiopulmonary bypass. Pediatr. Crit. Care Med. 2010; 11:234–238 
[PubMed: 19794327] 

14. Yehya N, Smith L, Thomas NJ, et al. : Definition, Incidence, and Epidemiology of Pediatric 
Acute Respiratory Distress Syndrome: From the Second Pediatric Acute Lung Injury Consensus 
Conference. Pediatr. Crit. Care Med. 2023; 24:S87–s98 [PubMed: 36661438] 

15. Khemani RG, Thomas NJ, Venkatachalam V, et al. : Comparison of SpO2 to PaO2 based markers 
of lung disease severity for children with acute lung injury. Crit. Care Med. 2012; 40:1309–1316 
[PubMed: 22202709] 

16. Cortegiani A, Madotto F, Gregoretti C, et al. : Immunocompromised patients with acute respiratory 
distress syndrome: secondary analysis of the LUNG SAFE database. Crit. Care 2018; 22:157 
[PubMed: 29895331] 

17. Lindell RB, Fitzgerald JC, Rowan CM, et al. : The Use and Duration of Preintubation Respiratory 
Support Is Associated With Increased Mortality in Immunocompromised Children With Acute 
Respiratory Failure. Crit. Care Med. 2022

18. Lindell RB, Gertz SJ, Rowan CM, et al. : High Levels of Morbidity and Mortality Among 
Pediatric Hematopoietic Cell Transplant Recipients With Severe Sepsis: Insights From the Sepsis 
PRevalence, OUtcomes, and Therapies International Point Prevalence Study. Pediatr. Crit. Care 
Med. 2017; 18:1114–1125 [PubMed: 28926489] 

19. Peters MJ, Agbeko R, Davis P, et al. : Randomized Study of Early Continuous Positive 
Airways Pressure in Acute Respiratory Failure in Children With Impaired Immunity (SCARF) 
ISRCTN82853500. Pediatr. Crit. Care Med. 2018; 19:939–948 [PubMed: 30095746] 

20. Rowan CM, Gertz SJ, McArthur J, et al. : Invasive Mechanical Ventilation and Mortality in 
Pediatric Hematopoietic Stem Cell Transplantation: A Multicenter Study. Pediatr. Crit. Care Med. 
2016; 17:294–302 [PubMed: 26910477] 

21. Cater DT, Fitzgerald JC, Gertz SJ, et al. : Noninvasive Ventilation Exposure Prior to Intubation in 
Pediatric Hematopoietic Cell Transplant Recipients. Respir. Care 2022

22. Rowan CM, Fitzgerald JC, Agulnik A, et al. : Risk Factors for Noninvasive Ventilation Failure in 
Children Post-Hematopoietic Cell Transplant. Front. Oncol. 2021; 11:653607

23. Carroll CL, Napolitano N, Pons-Òdena M, et al. : Noninvasive Respiratory Support for Pediatric 
Acute Respiratory Distress Syndrome: From the Second Pediatric Acute Lung Injury Consensus 
Conference. Pediatr. Crit. Care Med. 2023; 24:S135–s147 [PubMed: 36661442] 

24. Bellani G, Laffey JG, Pham T, et al. : Noninvasive Ventilation of Patients with Acute Respiratory 
Distress Syndrome. Insights from the LUNG SAFE Study. Am. J. Respir. Crit. Care Med. 2017; 
195:67–77 [PubMed: 27753501] 

25. Dumas G, Lemiale V, Rathi N, et al. : Survival in Immunocompromised Patients Ultimately 
Requiring Invasive Mechanical Ventilation: A Pooled Individual Patient Data Analysis. Am. J. 
Respir. Crit. Care Med. 2021; 204:187–196 [PubMed: 33751920] 

26. Fraebel J, Engelhardt BG, Kim TK: Noninfectious Pulmonary Complications after Hematopoietic 
Stem Cell Transplantation. Transplant Cell Ther 2023; 29:82–93 [PubMed: 36427785] 

27. Tamburro RF, Cooke KR, Davies SM, et al. : Pulmonary Complications of Pediatric Hematopoietic 
Cell Transplantation. A National Institutes of Health Workshop Summary. Ann Am Thorac Soc 
2021; 18:381–394 [PubMed: 33058742] 

28. Dahmer MK, Yang G, Zhang M, et al. : Identification of phenotypes in paediatric patients with 
acute respiratory distress syndrome: a latent class analysis. Lancet Respir Med 2022; 10:289–297 
[PubMed: 34883088] 

29. Sinha P, Delucchi KL, McAuley DF, et al. : Development and validation of parsimonious 
algorithms to classify acute respiratory distress syndrome phenotypes: a secondary analysis of 
randomised controlled trials. Lancet Respir Med 2020; 8:247–257 [PubMed: 31948926] 

Gertz et al. Page 10

Pediatr Crit Care Med. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



30. Curley MA, Hibberd PL, Fineman LD, et al. : Effect of prone positioning on clinical outcomes 
in children with acute lung injury: a randomized controlled trial. JAMA 2005; 294:229–237 
[PubMed: 16014597] 

31. Willson DF, Zaritsky A, Bauman LA, et al. : Instillation of calf lung surfactant extract (calfactant) 
is beneficial in pediatric acute hypoxemic respiratory failure. Members of the Mid-Atlantic 
Pediatric Critical Care Network. Crit. Care Med. 1999; 27:188–195 [PubMed: 9934915] 

32. Curley MAQ: PROSpect: Prone and Oscillation Pediatric Clinical Trial. Available at: https://
www.clinicaltrials.gov/study/NCT03896763. Accessed July 10th, 2023

33. Bronicki RA, Fortenberry J, Schreiber M, et al. : Multicenter randomized controlled trial of inhaled 
nitric oxide for pediatric acute respiratory distress syndrome. J. Pediatr. 2015; 166:365–369.e361 
[PubMed: 25454942] 

34. Bembea MM, Agus M, Akcan-Arikan A, et al. : Pediatric Organ Dysfunction Information Update 
Mandate (PODIUM) Contemporary Organ Dysfunction Criteria: Executive Summary. Pediatrics 
2022; 149:S1–s12 [PubMed: 34970673] 

Gertz et al. Page 11

Pediatr Crit Care Med. Author manuscript; available in PMC 2025 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.clinicaltrials.gov/study/NCT03896763
https://www.clinicaltrials.gov/study/NCT03896763


Research in Context:

• Children with immunocompromising conditions are hospitalized prior to 

PARDS development

• These children have a higher risk of PARDS as compared to their 

immunocompetent peers

• In the 2016/2017 PARDIE dataset PARDS in immunocompromised children 

was associated with seven times the mortality as compared to children 

without immunocompromise

What This Study Means:

• We have a unique opportunity to identify immunocompromised children who 

are in the category at-risk for PARDS, which may be the ideal time for 

intervention

• Use of non-invasive ventilation leading to a potential delay in intubation 

needs further study especially in immunocompromised children

• Outcome measures, including mortality and organ dysfunction, are worse in 

children with PARDS who have immunocompromising conditions
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Figure 1: 
Figures 1a and b demonstrate the severity of PARDS and oxygenation failure over the first 3 

days of PARDS.

Figure 1A: Percentage of patients with severe PARDS over time stratified by immune 
status. The figure shows the difference in percentage of patients comparing those with 

PARDS (with no immunocompromising conditions ICC) (gray bars) to those with I-PARDS 

(with ICC) (black bars) at diagnosis, and the first three days of PARDS.
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Figure 1B: Median OSI trends over the 1st three days of PARDS stratified by immune 
status. The figure shows trends in the median OSI every six hours over the first three days 

comparing those with PARDS (with no immunocompromising conditions ICC) (gray line) to 

those with I-PARDS (with ICC) (black line). Error bars represent the interquartile ranges for 

each time point. Using mixed effects longitudinal analysis to control for repeated measures 

within patients, those with I-PARDS had less improvement in OSI over time (p< 0.001) 

*p<0.05, **p<0.01, ***p<0.001
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Figure 2: Mortality stratified by PARDS severity.
Figure 2 illustrates mortality differences between those with PARDS (with no 

immunocompromising conditions ICC) (gray bars) and I-PARDS (with ICC) (black bars) 

stratified by initial PARDS severity and worst overall PARDS severity.
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Table 1:

Description of the PARDIE cohort stratified by immune status

Variable PARDS (n = 603) I-PARDS (n = 105) p value

Age (years) 2.5 (IQR: 0.6, 8.8) 8.2 (IQR: 2.7, 13.9) <0.001

Female sex (%) 229 (38.4) 45 (42.9) 0.356

Pre-existing Non-ICCa co-morbidities 
(%) 
Home ventilation 28 (4.6) 0 (0.0) 0.024

 Chronic pulmonary disease 180 (29.9) 17 (16.2) 0.004

 Prematurity 124 (20.6) 7 (6.7) 0.001

 Congenital heart disease 74 (12.3) 4 (3.4) 0.011

 Neuromuscular disease 113 (18.7) 9 (8.6) 0.011

Admission source (%) (n = 706) 
Other intensive care unit 78 (12.9) 13 (12.6)

<0.001c

 Emergency department 305 (50.6) 18 (17.5)

 Inpatient floor/recovery room 208 (34.5) 72 (69.9)

 Other 12 (2.0) 0 (0.0)

Severity of illness 

PRISMb IV (admission) (n = 639) 6 (IQR: 3, 12) 13 (IQR: 5, 18) <0.001

Geographic region
North America 385 (63.9) 63 (60.0)

0.536

 Europe 102 (16.9) 17 (16.2)

 Central & South America 85 (14.1) 16 (15.2)

 Middle East / Asia / Australia 31 (5.1) 9 (8.6)

Numbers are presented as medias with interquartile ranges for continuous variables and counts with percentages for the categorical variables.

a
ICC=immunocompromising conditions,

b
PRISM= pediatric risk of mortality score,

c
Overall p value for chi squared analysis. Using pairwise comparison with Bonferroni correction to compare admission sources to each other, those 

with PARDS had a higher proportion admitted from the emergency department than another ICU (p=0.005) and from an inpatient floor (p<0.001), 
while those with I-PARDS had a higher proportion admitted from the floor (p<0.001) compared to the emergency department.
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Table 2:

Information surrounding pediatric acute respiratory distress (PARDS) diagnosis

PARDS (n = 603) I-PARDS (n = 105) p value

At-risk for PARDSainformation

At-risk for PARDS 331 (55.3) 69 (65.7) 0.046

Time at-risk for PARDS from PICU admission (hours) 0 (IQR: −5.0, 3.1) -1.2 (IQR: −18.0, 5.8) 0.055

Time at-risk for PARDS to PARDS diagnosis (hours) 10.6 (IQR: 3.8, 32.9) 19.9 (IQR: 7.9, 45.6) 0.0024

Location when met at-risk criteria (n=399)
Intensive care unit 164 (49.7) 37 (53.6)

< 0.001c

Emergency department 90 (27.3) 5 (7.2)

Ward/Operating room/Recovery room 68 (20.1) 27 (39.1)

Other 8 (2.4) 0 (0.0)

PARDS diagnosis information

PARDS Risk Factor
Pneumonia 365 (60.5) 45 (42.9)

< 0.001d

 Sepsis 97 (16.1) 39 (37.1)

 Aspiration 48 (8.0) 4 (3.8)

 Trauma 27 (4.5) 0 (0.0)

 Pancreatitis 1 (0.2) 2 (1.9)

 Drowning 5 (0.8) 0 (0.0)

 Transfusion related acute lung injury 0 (0.0) 1 (1.0)

 Other 60 (10.0) 14 (13.3)

Bilateral CXRa findings at PARDS diagnosis 437 (72.5) 86 (81.9) 0.042

Location when met PARDS criteria
Intensive care unit 546 (90.6) 95 (90.5)

0.272

 Emergency department 38 (6.3) 4 (3.8)

 Ward/Operating room/Recovery room 19 (3.2) 6 (5.7)

Type of ventilation at PARDS diagnosis
Noninvasive ventilation 121 (20.1) 40 (38.1)

< 0.001

 Invasive mechanical ventilation 482 (79.9) 65 (61.9)

PALICC categories at diagnosis (%)
Non-invasive 121 (20.1) 40 (38.1)

p<0.001e

 Mild 200 (33.2) 21 (20.0)

 Moderate 144 (23.9) 10 (9.5)

 Severe 138 (22.7) 34 (32.4)

Data are presented as medias with interquartile ranges for continuous variables and counts with percentages for the categorical variables.

a
CXR= chest radiograph. Pairwise comparisons with Bonferroni correction were done for multiple comparisons.

c
Overall p, patients with IPARDS met at-risk criteria in the Emergency department than the intensive care unit (p=0.002) or the ward (p<0.001).
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d
Overall p value, here, those with PARDS had a higher proportion of pneumonia (p<0.001) and those with I-PARDS had a higher proportion of 

sepsis (p<0.001),

e
Overall p-value, Numbers are rounded to the nearest 10th place accounting for some percentages to not equal 100 exactly
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Table 3:

Markers of non-pulmonary organ dysfunction and general outcomes

PARDS (n = 603) I-PARDS (n = 105) p value

Markers of non-pulmonary organ dysfunction 

Non-Pulmonary PELODa2 score

At diagnosis 2 (IQR: 1, 4) 4 (IQR: 2, 6) <0.001

Day 1 2 (IQR: 1, 4) 5 (IQR: 3, 6) <0.001

Day 2 2 (IQR: 1, 3) 4 (IQR: 2, 6) <0.001

Day 3 2 (IQR: 0, 3) 4 (IQR: 2, 6) <0.001

Neurologic dysfunction

Neurologic PELOD score >0 31 (5.1) 5 (4.8) 0.870

Cardiovascular dysfunction

Cardiovascular PELOD score >0 533 (88.4) 86 (81.9) 0.064

Any vasoactive use 218 (36.2) 53 (50.5) 0.005

Vasopressor-inotrope score at diagnosis 
(n = 621)

0 (0, 10) 4 (0, 20) 0.001

Renal Dysfunction

Renal PELOD score >0 302 (50.1) 68 (64.8) 0.005

Renal replacement therapy 21 (3.5) 13 (12.4) <0.001

Fluid balance on day of diagnosis mL/Kg 28.4 (IQR: 5.7, 57.5) 29.1 IQR: (7.1, 61.4) 0.576

Diuretic use 320 (53.1) 71 (67.6) 0.006

Hematologic dysfunction

Hematologic PELOD score >0 165 (26.4) 80 (76.2) <0.001

Packed red blood cell transfusion on day of diagnosis 59 (11.1) 28 (30.8) <0.001

Platelet transfusion on day of diagnosis 20 (3.8) 32 (35.2) <0.001

Gastrointestinal dysfunction

Total parental nutrition use 76 (12.6) 40 (38.1) <0.001

Endocrine dysfunction

Insulin use 27 (4.5) 16 (15.3) <0.001

Outcomes adjusted for initial oxygenation equivalent and PRISM IV on admission 

HRc/coeffd (95% CIe) p value

PICU Mortality aHR:3.0 (95% CI:1.9, 4.7) <0.001

90-day Mortality - all aHR:2.9 (95%CI: 1.9, 4,5) <0.001

90-day Mortality – Initial non-severe PARDSb aHR 3.4 (95%CI: 2.1, 5.5) <0.001

90-day Mortality – Initial severe PARDSb aHR 3.1 (95%CI: 1.8, 5.5) <0.001

90-day Mortality – Max non-severe PARDSb aHR 3.5 (95%CI: 1.7, 7.2) <0.001

90-day Mortality – Max severe PARDSb aHR: 2.9 (95%CI: 1.9, 4.5) <0.001
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PARDS (n = 603) I-PARDS (n = 105) p value

Causes of death (Total, %)
Refractory hypoxemia
Multiorgan failure
Refractory shock
Neurologic death

aHR 1.9 (95% CI: 0.7, 4.6)
aHR 5.8 (95%CI: 3.1, 10.9)
aHR 4.8 (95% CI: 1.8, 13.2)
aHR 1.0 (95% CI: 0.3, 2.9)

0.189
<0.001
0.002
0.999

Length of ventilationf sHR: 0.47 (95% CI:0.31, 0.71) <0.001

Length of PICU stay of survivors β 6.2 (95%CI: −4.0, 16.5) 0.232

Data are presented as medias with interquartile ranges for continuous variables and counts with percentages for the categorical variables.

a
PELOD = pediatric end organ dysfunction score. Organ dysfunction was evaluated over the first three days of PARDS. Cox proportional hazard 

regression models were adjusted for initial oxygenation index and PRISM IV score on admission.

b
PARDS severity analysis only adjusted for initial PRISM IV.

c
HR=hazard ratio

d
coeff=coefficient

e
CI=confidence interval.

f
length of ventilation was analyzed with a competing risk model using death as a competing risk.

Pediatr Crit Care Med. Author manuscript; available in PMC 2025 April 01.


	Abstract
	Materials and Methods:
	Study design and patient selection
	Statistical Analysis

	Results:
	PARDS diagnosis
	PARDS severity
	Mechanical ventilation and other supportive therapies
	Organ Dysfunctions and Outcomes
	Hematopoietic Cell Transplant Recipients

	Discussion
	Conclusion
	References
	Figure 1:
	Figure 2:
	Table 1:
	Table 2:
	Table 3:



