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OBJECTIVES: To evaluate the link between early acute respiratory failure and 
functional morbidity in survivors using the plasma biomarkers interleukin-8, inter-
leukin-1 receptor antagonist, thrombomodulin, and plasminogen activator inhib-
itor-1. We hypothesized that children with acute respiratory failure with higher 
levels of inflammation would have worse functional outcomes at discharge, as 
measured by Pediatric Overall Performance Category.

DESIGN: Secondary analysis of the Genetic Variation and Biomarkers in Children 
with Acute Lung Injury (R01HL095410) study.

SETTING: Twenty-two PICUs participating in the multisite clinical trial, Randomized 
Evaluation of Sedation Titration for Respiratory Failure (U01 HL086622) and the 
ancillary study (Biomarkers in Children with Acute Lung Injury).

SUBJECTS: Children 2 weeks to 17 years requiring invasive mechanical ven-
tilation for acute airways and/or parenchymal lung disease. Patients with an ad-
mission Pediatric Overall Performance Category greater than 3 (severe disability, 
coma, or brain death) were excluded.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Among survivors, 387 patients 
had no worsening of Pediatric Overall Performance Category at discharge while 
40 had worsening functional status, defined as any increase in Pediatric Overall 
Performance Category from baseline. There was no significant relationship be-
tween worsening of Pediatric Overall Performance Category and interleukin-8 or 
plasminogen activator inhibitor-1 on any day. There was no significant relationship 
between interleukin-1 receptor antagonist, or thrombomodulin, and worsening 
Pediatric Overall Performance Category on day 1. Plasma interleukin-1 receptor 
antagonist and thrombomodulin were significantly elevated on days 2 and 3 in 
those with worse functional status at discharge compared with those without. In 
multivariable analysis, interleukin-1 receptor antagonist and thrombomodulin were 
associated with a decline in functional status on days 2 and 3 after adjustment for 
age and highest oxygenation index. However, after adjusting for age and cardio-
vascular failure, only day 2 thrombomodulin levels were associated with a worsen-
ing in Pediatric Overall Performance Category.

CONCLUSIONS: Higher levels of interleukin-1 receptor antagonist or throm-
bomodulin following intubation were associated with worse Pediatric Overall 
Performance Category scores at hospital discharge in children who survive acute 
respiratory failure. These data suggest that persistent inflammation may be related 
to functional decline.
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Acute respiratory failure is the top diagnosis 
among children requiring admission to the 
PICU, with approximately 50% of PICU 

patients requiring invasive or noninvasive mechanical 
ventilation (MV) (1). Survivors often face significant 
post-discharge morbidity, including a decline in func-
tional status and health-related quality of life (2, 3). 
Baseline patient characteristics such as age and comor-
bidities, as well as clinical treatments including sedative 
medications and duration of MV, have been associated 
with morbidity following acute respiratory failure (4).

Biomarkers, an objective measurement of a normal or 
abnormal physiologic state (5), are used in clinical prac-
tice and research to improve health through diagnosis, 
monitoring of response to a therapy, and prediction of 
outcomes. Within pediatric acute respiratory failure, and 
in particular pediatric acute respiratory distress syndrome 
(PARDS), plasma biomarkers such as interleukin-1 re-
ceptor antagonist (IL-1ra) have been associated with 
presence of PARDS (6). Other markers including inter-
leukin-8 (IL-8), surfactant protein D, and angiopoietin-2 
have been associated with mortality (7–9).

To date, we are unaware of any studies that have 
examined the relationship between inflammatory 
plasma biomarkers and functional outcomes among 
children with acute respiratory failure. Thus, our over-
arching objective was to conduct an exploratory anal-
ysis of the relationship between plasma inflammatory 
biomarkers and change in functional outcome in chil-
dren with acute respiratory failure using the Genetic 
Variation and Biomarkers in Children with Acute 
Lung Injury (BALI) study, which prospectively col-
lected plasma biomarker specimens from children 
with acute hypoxemic respiratory failure enrolled in 
the Randomized Evaluation of Sedation Titration for 
Respiratory Failure (RESTORE; U01 HL086622) clin-
ical trial (10). Specifically, we examined IL-8, IL-1ra, 
thrombomodulin, and plasminogen activator inhibitor 
(PAI), which were selected a priori in the parent BALI 
study. We hypothesized patients with a decline in func-
tional outcome at discharge would have higher plasma 
biomarker levels compared with those who did not.

METHODS

Study Design

This is a secondary analysis of the BALI study, an 
ancillary study to the RESTORE trial. Patients age 

2 weeks to 17 years requiring invasive MV for acute 
airways and/or pulmonary parenchymal lung disease 
were enrolled from 2009 to 2013. Twenty-two of the 
31 centers participating in RESTORE participated in 
BALI (Appendix 1). The study was approved by the 
Institutional Review Boards (HUM0076118) at all par-
ticipating sites and informed consent was obtained.

As part of the BALI study, blood samples were col-
lected from patients within 24 hours of consent and 
again 24 and 48 hours later. Methods were previously 
published (6). Day of intubation is considered study 
day 0, irrespective of when consent was obtained. The 
first sample was obtained as close to consent as pos-
sible, with 70% occurring within the first 72 hours. 
Plasma IL-8, IL-1ra, thrombomodulin, and PAI-1 
were measured using two-antibody sandwich enzyme-
linked immunosorbent assays (ELISA) (IL-8: Number 
D800C; R&D Systems, Minneapolis, MN; IL-1ra: 
DRAOOB; R&D Systems; thrombomodulin: ELISA, 
Asserchrome, Diagnostica Stago, Parsippany, NJ; PAI-
1: Number 837 Sekisui Diagnostics, Stamford, CT). 
The measurements were carried out in duplicate and 
followed the manufacturer’s protocol. Three-hundred 
thirty-two patients had at least one sample assayed of 
the four biomarkers.

Functional status was assessed using the Pediatric 
Overall Performance Category (POPC) score (11). 
Baseline (before the acute illness that qualified the patient 
for participation in RESTORE) and hospital discharge 
status were determined by study site staff using medical 
record review (2). POPC scores range from 1 (good), 2 
(mild disability), 3 (moderate disability), 4 (severe dis-
ability), 5 (vegetative state or coma), and 6 (death). As 
the goal of our study was to understand the relationship 
between inflammatory plasma biomarker levels and de-
cline in functional status, patients with a baseline POPC 
score of 4 or greater (indicating severe disability or 
coma) were excluded (n = 64). Additionally, we excluded 
patients who died prior to hospital discharge (n = 47) 
and patients who did not have a discharge POPC score 
(n = 11). We were unable to evaluate neurocognitive de-
cline given the small number of patients with a change in 
Pediatric Cerebral Performance Category (PCPC) score 
from admission to discharge.

Primary Outcome

The primary outcome of this study was worsening of 
POPC from baseline, which we defined as any increase 
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in the POPC score, as performed in prior studies (2, 
12). Thus, we compared the measured biomarker lev-
els (IL-1ra, thrombomodulin, IL-8, and PAI-1) on days 
1–3 following intubation between patients who had a 
worsening of POPC from baseline and patients who 
did not have a decline in functional status.

Statistical Analysis

Basic descriptive analyses of all clinical and demo-
graphic variables, as well as biomarker levels, were 
conducted comparing patients who had a worsening 
of POPC from patients who did not using chi-square 
test, Fisher exact test, or Wilcoxon two-sample test, as 
indicated.

Multivariable logistic regression models were devel-
oped based on the results of the bivariate analysis of the 
clinical, demographic, and biomarker variables on days 
1, 2, or 3 following intubation between outcome groups 
(i.e., those with worsening of POPC vs those without). 
In this exploratory investigation, we were unable to in-
clude all variables in one single model, and therefore, 
present separate models to examine pertinent associa-
tions due to the limited number of patients with avail-
able biomarker samples. Oxygenation index (OI) and 
cardiovascular failure were included in the analysis as 
surrogate markers of respiratory failure and hypoten-
sion, both of which have been associated with decline 
in health status (4, 13, 14). To understand the role of 
illness severity, we examined change in functional out-
come adjusting for Pediatric Risk of Mortality (PRISM)-
III scores and age. Finally, as biomarkers and functional 
decline are influenced by systemic inflammation, we 
accounted for the presence of sepsis by creating mul-
tivariable models with biomarker level, age, and sepsis 
diagnosis (4, 12). Final models examining the associa-
tion of biomarkers with decline in functional outcome 
were adjusted for 1) biomarker, age, and highest OI over 
days 0–3; 2) biomarker level, age, and presence of car-
diovascular failure; 3) biomarker, age, and PRISM-III; 
and 4) biomarker level, age, and sepsis diagnosis. All 
biomarker levels included in the multivariable models 
were log-transformed. Of note, if OI was not available, 
oxygen saturation index was used (15, 16).

RESULTS

Of the 502 survivors of acute respiratory failure 
enrolled in BALI, 427 patients had a baseline POPC of 

3 or less and were included in our analysis. Among the 
427, 387 (90.6%) had no change in POPC from base-
line, while 40 (9.4%) did.

Overall, the cohort had a median age of 1.9 years 
(interquartile range [IQR], 0.4–8.7 yr), was 45.4% 
female, and had a median baseline POPC of 1 (IQR, 
1–1) (Table 1). Patients with a worsening of POPC 
from baseline to discharge were older (6.2 vs 1.7 
yr; p < 0.01), had higher PRISM-III scores (11 vs 
7; p < 0.01), and longer PICU lengths of stay (16 
vs 9.6 d; p < 0.01). Additionally, those with wors-
ening of POPC had higher rates of cardiovascular, 
hematologic, renal, and hepatic failures during hos-
pitalization and were more likely to have a primary 
diagnosis of acute respiratory failure due to sepsis 
(Table 1).

Of the 427 patients with a POPC of 3 or less, 332 
(77.8%) had at least one sample of the biomarkers 
assayed. The timing of the first biomarker measure-
ment obtained was similar between children with 
versus without worsening POPC (p = 0.71). There was 
no difference in patient characteristics between those 
with versus without available biomarker samples, with 
the exception of a higher proportion of children with 
biomarkers assigned to the intervention RESTORE 
study arm (data not shown).

Association of Plasma Biomarkers With Decline 
in Overall Functional Status

There was no significant relationship between wors-
ening of POPC and IL-8 or PAI-1 on days 1, 2, or 3 
following intubation. Similarly, there was no signifi-
cant relationship between IL-1ra or thrombomodulin 
and worsening functional status on day 1. However, 
plasma IL-1ra was significantly elevated on days 2 and 
3 in those with worse functional status at discharge 
compared with those without (day 2: median 4,891 
pg/mL [IQR, 1,089–14,600 pg/mL] vs 1,736 pg/mL 
[IQR, 651–5,794 pg/mL; p = 0.024] and day 3: median 
2,490 pg/mL [IQR, 1,007–14,000 pg/mL] vs 1,239 pg/
mL [IQR, 619–3,252 pg/mL; p = 0.029]). Similarly, 
thrombomodulin was significantly elevated on days 
2 and 3 in those with worse functional status com-
pared with those without (day 2: median 143 ng/mL 
[IQR, 92–216 ng/mL] vs 111 ng/mL [IQR, 74–155 ng/
mL; p = 0.038] and day 3: median 156 ng/mL [IQR, 
128–204 ng/mL] vs 109 ng/mL [IQR, 76–157 ng/mL; 
p = 0.001]) (Fig. 1).



Carlton et al

4          www.ccejournal.org	 July 2021 • Volume 3 • Number 7

TABLE 1. 
Patient Characteristics

Characteristics All (n = 427)
Decline in Functional Status  

From Baseline (n = 40)
No Decline in Functional  

Status From Baseline (n = 387) p

Age, median (IQR), yr 1.9 (0.4–8.7) 6.2 (1.4–14.3) 1.7 (0.4–8.2) < 0.01

Female, n (%) 194 (45.4) 19 (47.5) 175 (45.2) 0.78

Non-Hispanic, White, n (%) 218 (51.5) 22 (57.9) 196 (50.9) 0.41

Medical history of, n (%)

  Prematurity 58 (13.6) 5 (12.5) 53 (13.7) 0.83

  Asthma 78 (18.3) 6 (15.0) 72 (18.6) 0.57

  Seizure disorder 18 (4.2) 1 (2.5) 17 (4.4) 1.00

  Immunodeficiency 6 (1.4) 0 (0.0) 6 (1.6) 1.00

  Cancer 17 (3.9) 4 (10.0) 13 (3.4) 0.06

  Chromosomal abnormality 23 (5.4) 2 (5.0) 21 (5.4) 1.00

Primary diagnosis, n (%)

  Pneumonia 138 (32.3) 10 (25.0) 128 (33.1) 0.30

  Bronchiolitis 105 (24.6) 5 (12.5) 100 (25.8) 0.06

Acute respiratory failure  
due to sepsis

69 (16.2) 13 (32.5) 56 (14.5) < 0.01

  Aspiration pneumonia 27 (6.3) 3 (7.5) 24 (6.2) 0.73

  Asthma 53 (12.4) 3 (7.5) 50 (12.9) 0.45

  Other 35 (8.2) 6 (15.0) 29 (7.5) 0.12

Organ failure, n (%)

  Cardiovascular 236 (55.3) 33 (82.5) 203 (52.5) < 0.01

  Neurologic 205 (48.0) 24 (60.0) 181 (46.8) 0.11

  Hematologic 91 (21.3) 19 (47.5) 72 (18.6) < 0.01

  Hepatic 120 (28.1) 28 (70.0) 92 (23.8) < 0.01

  Renal 34 (8.0) 8 (20.0) 26 (6.7) < 0.01

Pediatric Risk of Mortality-III,  
median (IQR)

8 (3–13) 11 (8–17.5) 7 (3–13) < 0.01

PICU Length of stay,  
median (IQR), d

9.9 (6.2–16.7) 16 (11.0–36.6) 9.6 (6.0–15.7) < 0.01

Hospital length of stay,  
median (IQR), d

15 (9–26) 30 (15–51.5) 14 (9–25) 0.31

Baseline Pediatric Overall  
Performance Categorya,  
median (IQR)

1 (1) 1 (1) 1 (1) 0.18

Baseline Pediatric Cerebral  
Performance Categorya,  
median (IQR)

1 (1) 1 (1) 1 (1) < 0.01

Intervention group, n (%) 253 (59.4) 15 (37.5) 238 (61.7) 0.31

IQR = interquartile range.
aPatients with baseline Pediatric Overall Performance Category or Pediatric Cerebral Performance Category of 4 or greater were 
excluded.
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In multivariable analysis, IL-1ra was associated with 
a decline in functional status on days 2 and 3 after 
adjustment for age and highest OI (day 2: odds ratio 
[OR], 1.43; 1.03–1.97; p = 0.03 and day 3: OR, 1.55; 
1.06–2.26; p = 0.02). However, IL-1ra was not associ-
ated with a worsening in POPC after adjusting for age 
and cardiovascular failure on days 1, 2, or 3 (p > 0.05) 
(Table 2).

Similarly, as shown in Table  3, thrombomodulin 
was associated with a decline in functional status on 
days 2 and 3 after adjustment for age and highest OI 
(day 2: OR, 2.19; 1.11–4.30; p = 0.02 and day 3: OR, 
3.03; 1.53–6.01; p < 0.01). Thrombomodulin was also 
associated with worsening of POPC after adjustment 

for age and cardiovascular failure on day 3 (OR, 2.57; 
1.24–5.35; p = 0.01), but there was no association on 
day 1 or 2 (Table 3).

Additional Multivariable Models

In models adjusting for PRISM-III (to account for 
overall illness severity) and age, there was no asso-
ciation of IL-1ra or thrombomodulin with decline 
in functional status on any day (eTable 1, Online 
Supplement, http://links.lww.com/CCX/A693). To 
evaluate the influence of a systemic inflammatory pro-
cess, we included sepsis diagnosis in our model. After 
adjusting for age and primary diagnosis of sepsis, both 

Figure 1. Plasma interleukin-1 receptor antagonist (IL-1ra) and thrombomodulin levels are significantly higher on days 2 and 3 in 
patients with a functional decline at hospital discharge. Comparison of plasma biomarker levels in children with and without functional 
decline at hospital discharge following acute respiratory failure: (A) IL-1ra, (B) thrombomodulin, (C) interleukin-8 (IL-8), (D) plasminogen 
activator inhibitor-1 (PAI-1). The numbers below each graph represent the number of plasma samples analyzed on each day in those 
with no decline in functional status and those with worsening of functional status at discharge. *p < 0.05 for comparison of biomarker 
level in those with and without decline in functional status on the indicated day. IQR = interquartile range.

http://links.lww.com/CCX/A693


Carlton et al

6          www.ccejournal.org	 July 2021 • Volume 3 • Number 7

IL-1ra and thrombomodulin were associated with a 
decline in functional status on days 2 and 3 (eTable 
2, Online Supplement, http://links.lww.com/CCX/
A693). Finally, when highest OI and cardiovascular 
failure were both included in the model, there was no 

association between worsening of functional status and 
IL-1ra on days 1–3. However, thrombomodulin levels 
measured on days 2 and 3 were associated with wors-
ening of POPC independent of age, highest OI, and 
cardiovascular failure (eTable 3, Online Supplement, 
http://links.lww.com/CCX/A693).

TABLE 2. 
Multivariable Analysis of the Association 
of Interleukin-1 Receptor Antagonist With 
Decline in Functional Outcome

Models

Worsening of Pediatric Overall 
Performance Category

OR (95% CI) p

Model 1

  Day 1

    IL-1ra 1.02 (0.68–1.53) 0.92

    Age 1.07 (0.98–1.16) 0.13

    Highest OI 1.02 (0.98–1.05) 0.40

  Day 2

    IL-1ra 1.43 (1.03–1.97) 0.03

    Age 1.09 (1.03–1.17) < 0.01

    Highest OI 1.02 (0.99–1.04) 0.24

  Day 3

    IL-1ra 1.55 (1.06–2.26) 0.02

    Age 1.09 (1.02–1.17) 0.01

    Highest OI 1.04 (1.01–1.07) 0.01

Model 2

  Day 1

    IL-1ra 0.94 (0.63–1.41) 0.78

    Age 1.03 (0.95–1.13) 0.46

    CV failure 5.76 (1.17–28.3) 0.03

  Day 2

    IL-1ra 1.31 (0.94–1.83) 0.12

    Age 1.07 (1.00–1.14) 0.045

    CV failure 6.66 (1.47–30.16) 0.01

  Day 3

    IL-1ra 1.45 (0.98–2.13) 0.06

    Age 1.07 (0.99–1.15) 0.055

    CV failure 10.87 (1.40–84.67) 0.02

CV = cardiovascular, IL-1ra = interleukin-1 receptor antagonist, OI 
= oxygenation index, OR = odds ratio.

TABLE 3. 
Multivariable Analysis of the Association of 
Thrombomodulin With Decline in Functional 
Outcome

Models

Worsening of Pediatric Overall 
Performance Category

OR (95% CI) p

Model 1

  Day 1

    Thrombomodulin 1.58 (0.66–3.80) 0.31

    Age 1.09 (0.99–1.18) 0.06

    Highest OI 1.01 (0.98–1.05) 0.47

  Day 2

    Thrombomodulin 2.19 (1.11–4.30) 0.02

    Age 1.10 (1.03–1.17) < 0.01

    Highest OI 1.02 (0.99–1.05) 0.15

  Day 3

    Thrombomodulin 3.03 (1.53–6.01) < 0.01

    Age 1.09 (1.02–1.17) 0.01

    Highest OI 1.05 (1.02–1.08) < 0.01

Model 2

  Day 1

    Thrombomodulin 1.52 (0.61–3.79) 0.37

    Age 1.06 (0.96–1.15) 0.24

    CV failure 4.36 (0.89–21.35) 0.07

  Day 2

    Thrombomodulin 1.97 (0.99–3.92) 0.052

    Age 1.07 (1.00–1.15) 0.04

    CV failure 7.56 (1.71–33.52) < 0.01

  Day 3

    Thrombomodulin 2.57 (1.24–5.35) 0.01

    Age 1.07 (0.99–1.15) 0.054

    CV failure 11.70 (1.51–90.76) 0.02

CV = cardiovascular, OI = oxygenation index, OR = odds ratio.

http://links.lww.com/CCX/A693
http://links.lww.com/CCX/A693
http://links.lww.com/CCX/A693
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DISCUSSION

In this secondary analysis of the BALI study of chil-
dren with acute hypoxemic respiratory failure, ele-
vated levels of IL-1ra and thrombomodulin on days 2 
or 3 following intubation were associated with a de-
cline in overall functional status at discharge. There 
was no association between day 1 biomarker levels and 
worse functional status at discharge, nor any associa-
tion between IL-8 or PAI-1 and functional decline.

To our knowledge, this study is the first to eval-
uate the association between plasma biomarkers and 
functional status in children with acute respiratory 
failure. Prior work has examined the association be-
tween plasma biomarkers (5, 17) and clinically rele-
vant outcomes such as duration of MV, mortality, and 
length of PICU stay in PARDS patients. Inflammatory 
cytokines such as IL-1ra and IL-8, released in response 
to cell injury, recruit macrophages, monocytes, and 
neutrophils, and activate T-cells and epithelial cells in 
order to sustain ongoing inflammation (5, 17). In the 
complete BALI cohort, both IL-1ra and IL-8 were as-
sociated with mortality, length of PICU stay, and ox-
ygenation defect (6, 8). PAI-1, an inhibitor of tissue 
plasminogen activator and subsequent fibrinolysis, has 
been associated with mortality among children with 
acute lung injury (18). Higher levels of thrombomodu-
lin, a transmembrane endothelium protein integral to 
thrombosis hemostasis but also with relevant anti-in-
flammatory properties in patients with sepsis, are also 
associated with mortality (19, 20).

While prior studies have demonstrated a relation-
ship between biomarkers (including those measured in 
our study) and outcomes including organ failure and 
mortality, this investigation did not uncover an associ-
ation between IL-8 or PAI-1 and decline in functional 
status. However, both IL-1ra and thrombomodulin 
were significantly higher among children with a wors-
ening of POPC at discharge. While the cause of the dis-
parity between results of these four markers remains 
unclear, the results do suggest the effects of inflamma-
tory biomarkers are nuanced. IL-1ra is elaborated very 
early in the inflammatory cascade and, in fact, is as-
sociated with anti-inflammatory effects (21). Similarly, 
thrombomodulin has anti-inflammatory proper-
ties in that it assists in limiting leukocyte adhesion  
(22, 23). It could be postulated that continued eleva-
tions in these markers for several days after onset of 

acute respiratory failure reflect the body’s attempt at 
reversing an ongoing pro-inflammatory processes. As 
well, it is biologically plausible that patients with pro-
longed inflammation would be subject to overall worse 
functional status. It is possible these biomarkers could 
be used in prognostic or predictive enrichment strate-
gies; however, this requires further investigation in a 
larger cohort.

In multivariable models, neither thrombomodu-
lin nor IL-1ra was associated with worse functional 
status after adjustment for severity of illness (in our 
study PRISM-III). Higher severity of illness measures 
has been repeatedly associated with subsequent func-
tional decline both at ICU discharge and beyond (13, 
24, 25). As PRISM-III accounts for severity of multiple 
organ system dysfunctions, it is not surprising that this 
would render the biomarker results statistically insig-
nificant, as it can also be presumed that patients with 
multiple organ system dysfunction likely, but not al-
ways, are hyper-inflamed (26). In two models adjust-
ing for individual organ dysfunctions, represented by 
OI and cardiovascular dysfunction, thrombomodulin 
levels on days 2 and 3 were independently associated 
with functional decline at hospital discharge. IL-1ra, 
however, was only independently associated with 
functional decline in the model that included OI. Our 
results are similar to prior studies that demonstrate a 
strong association between respiratory failure, cardio-
vascular dysfunction, and decreased quality of life and 
new morbidity (4, 13, 14).

Nearly one in 10 patients included in our analysis 
experienced a decline in POPC from admission to dis-
charge, lower than what has been observed in prior 
studies (13, 27). New morbidity or abnormal func-
tional status is common among children with PARDS 
(13) and acute respiratory failure (27), occurring in 25–
50% of patients. Similar findings are observed among 
adult patients, solidifying the association between 
acute respiratory distress syndrome (ARDS) or acute 
respiratory failure and subsequent functional decline 
(28, 29). Among the larger RESTORE cohort, a higher 
percent of patients declined from hospital discharge 
to 6 months post-discharge compared with baseline 
to hospital discharge (2). Thus, the lower percentage 
of patients with functional decline in our cohort com-
pared with others may be in part due to our cutoff 
at hospital discharge. Finally, this smaller number of 
patients (n = 40) may have limited our ability to detect 
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an association between biomarkers and decline in 
functional status, especially when adjusting for covari-
ates very strongly associated with illness severity and 
outcome, like PRISM-III score.

The association of elevated levels of IL-1ra and 
thrombomodulin on days 2 and 3 with a decline in 
function (or worsening of POPC) at discharge sug-
gests these patients may have experienced a pro-
longed inflammatory process in these patients. These 
persistent levels provide an opportunity to measure 
the association between ongoing inflammation and 
disease progression or other outcome measures (8). 
Thrombomodulin, an endothelial and pulmonary 
capillary transmembrane protein, is active in coagula-
tion and inflammatory processes. Normal circulating 
levels are low; however, in the presence of inflamma-
tion such as sepsis and ARDS, plasma levels increase  
(19, 30). IL-1ra competitively binds to the IL-1 re-
ceptor, limiting the binding of the pro-inflammatory 
cytokine IL-1β, which increases in response to infec-
tion or inflammation. Thus, while IL-1ra itself is “an-
ti-inflammatory,” high levels suggest a more robust 
inflammatory response to an insult (6). In our study, 
and the larger BALI cohort, biomarker levels were 
highly variable (6, 8). Consequently, they may be used 
to subphenotype the overall patient cohort or poten-
tially be useful as a marker of therapeutic effectiveness.

Our study has several limitations. We were not able 
to effectively evaluate the relationship between bio-
marker status and neurocognitive decline as measured 
by PCPC. Although the PCPC was measured in this 
cohort, a smaller portion of patients had a decline in 
PCPC at discharge and available biomarker measure-
ments (data not shown), rendering us unable to accu-
rately evaluate this relationship. Thus, we recommend 
greater and more precise studies of functional decline 
including PCPC, POPC, and Functional Status Scale in 
future studies. Additionally, change in functional status 
was measured at hospital discharge. Therefore, we may 
have underestimated the total number of patients with 
functional decline as prior studies show a larger de-
cline from discharge to 6 months post-hospitalization 
(2). Also, we a priori excluded patients with severe 
functional disability (POPC > 3), who may have had 
a decline in functional status. However, this accounted 
for only 12% of the patients. We were also limited by 

the number of patients with available biomarker data. 
While 22% of patients did not have samples available, 
baseline characteristics were similar to those with bio-
markers sampled. We do suggest future studies explore 
the predictive ability of these biomarkers, including 
trends over time, on functional outcomes.

CONCLUSIONS

In summary, elevated levels of IL-1ra and thrombo-
modulin are associated with a decline in functional 
status among children with acute respiratory failure. 
This may suggest an association between persistent 
inflammation and a patient’s overall functional status. 
Additional investigation with more refined functional 
outcome measures, such as the Functional Status Score, 
is warranted to understand the association between bi-
omarker levels and long-term functional outcomes, 
particularly if in association with randomized clinical 
trials with long-term outcome measures.
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