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The Modified Clinical Progression Scale for 
Pediatric Patients: Evaluation as a Severity 
Metric and Outcome Measure in Severe Acute 
Viral Respiratory Illness
OBJECTIVES: To develop, evaluate, and explore the use of a pediatric ordinal 
score as a potential clinical trial outcome metric in children hospitalized with acute 
hypoxic respiratory failure caused by viral respiratory infections.

DESIGN: We modified the World Health Organization Clinical Progression Scale 
for pediatric patients (CPS-Ped) and assigned CPS-Ped at admission, days 2–4, 
7, and 14. We identified predictors of clinical improvement (day 14 CPS-Ped ≤ 2 
or a three-point decrease) using competing risks regression and compared clin-
ical improvement to hospital length of stay (LOS) and ventilator-free days. We 
estimated sample sizes (80% power) to detect a 15% clinical improvement.

SETTING: North American pediatric hospitals.

PATIENTS: Three cohorts of pediatric patients with acute hypoxic respiratory 
failure receiving intensive care: two influenza (pediatric intensive care influenza 
[PICFLU], n = 263, 31 sites; PICFLU vaccine effectiveness [PICFLU-VE], n = 
143, 17 sites) and one COVID-19 (n = 237, 47 sites).

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: Invasive mechanical ventilation 
rates were 71.4%, 32.9%, and 37.1% for PICFLU, PICFLU-VE, and COVID-19 
with less than 5% mortality for all three cohorts. Maximum CPS-Ped (0 = home at 
respiratory baseline to 8 = death) was positively associated with hospital LOS (p < 
0.001, all cohorts). Across the three cohorts, many patients’ CPS-Ped worsened 
after admission (39%, 18%, and 49%), with some patients progressing to inva-
sive mechanical ventilation or death (19%, 11%, and 17%). Despite this, greater 
than 76% of patients across cohorts clinically improved by day 14. Estimated 
sample sizes per group using CPS-Ped to detect a percentage increase in clinical 
improvement were feasible (influenza 15%, n = 142; 10%, n = 225; COVID-19, 
15% n = 208) compared with mortality (n > 21,000, all), and ventilator-free days 
(influenza 15%, n = 167).

CONCLUSIONS: The CPS-Ped can be used to describe the time course of 
illness and threshold for clinical improvement in hospitalized children and adoles-
cents with acute respiratory failure from viral infections. This outcome measure 
could feasibly be used in clinical trials to evaluate in-hospital recovery.

KEY WORDS: acute hypoxic respiratory failure; acute respiratory distress 
syndrome; children; critical care; respiratory outcome score

Severe acute respiratory infections in children can progress to acute res-
piratory failure and life-threatening acute respiratory distress syndrome 
(ARDS), with high associated morbidity and mortality (1–6). The preva-

lence of ARDS in the pediatric population, and its associated mortality, is lower 
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in children compared with adults (7). The use of inva-
sive arterial oxygen monitoring is, therefore, less fre-
quent, and management with noninvasive ventilation 
is more common than in adults with ARDS (8, 9).

The Second Pediatric Acute Lung Injury Consensus 
Conference (PALICC-2) guidelines for the diag-
nosis and management of pediatric ARDS (PARDS) 
were published in 2023 (10). Key differences in the 
PALICC-2 PARDS definition compared to the adult 
ARDS Berlin definition (11) includes the use of pulse 
oximetry if arterial blood oxygenation measurements 
are not available, the use of the oxygenation index and 
oxygenation saturation index (OSI) to assess hypox-
emia and presence of new infiltrates consistent with 
acute pulmonary parenchymal disease as opposed to 
bilateral infiltrates. Conducting PARDS clinical trials is 
challenging because mortality or days alive and free of 
mechanical ventilation (ventilator-free days or VFD) 
require many patients to detect a clinically meaningful 
effect (12, 13), and patients who do not yet require me-
chanical ventilation but are at risk for developing acute 
respiratory failure are excluded.

Ordinal scores have been used for trial outcomes in 
adults with ARDS (14, 15), severe influenza (16, 17), 
and COVID-19 (18–23). These scores allow the in-
clusion of patients on a range of support, including 

noninvasive ventilation and high-flow nasal cannula, 
both commonly used in children (24). Such a score 
may facilitate the prospective enrollment of children 
into randomized trials, especially during pandem-
ics (25). Our aim was to develop an ordinal respira-
tory outcome score for pediatric patients to capture 
the spectrum of illness severity, to evaluate this score 
using real-world data from PICU patients requiring 
respiratory support for severe acute viral LRTIs, and 
to estimate how the use of this score might influence 
statistical power.

METHODS

We analyzed data from three prospectively enrolled pe-
diatric multicenter North American cohorts admitted 
to the PICU or high acuity unit. The pediatric intensive 
care influenza (PICFLU) study (26) and PICFLU vac-
cine effectiveness (PICFLU-VE) study (27) included 
children admitted with confirmed influenza infection 
(n = 263 admitted 2009–2018 across 31 sites; n = 143 
admitted 2019–2020 across 17 sites, respectively). The 
Overcoming COVID-19 Public Health Surveillance 
Registry included 237 prospectively enrolled children 
and adolescents across 47 sites with acute COVID-19 
requiring pediatric intensive care from March 2020 to 
December 2020 (28, 29). Study approval was obtained 
from the Boston Children’s Hospital institutional re-
view board (IRB) (PICFLU: X08-11-0534, PICFLU-VE: 
IRB-P00033157, COVID: IRB-P00009548; additional 
details in online data supplement, http://links.lww.
com/PCC/C409). Informed consent was obtained 
for PICFLU and PICFLU-VE; informed consent was 
waived for COVID-19. Enrollment criteria and vari-
able definitions have been published (26–29) and are 
available along with outcome definitions in the online 
data supplement (http://links.lww.com/PCC/C409). 
We excluded patients on chronic ventilatory support 
because we did not have information on home settings 
to assess return to baseline. We also excluded patients 
who received no continuous oxygen by hospital day 4, 
as receipt of minimal respiratory support would likely 
trigger eligibility for trial enrollment.

Development of the Clinical Progression Scale 
for Pediatrics (CPS-Ped)

We modified the World Health Organization (WHO) 
Clinical Progression Scale (CPS) (19) to create a 

 
RESEARCH IN CONTEXT

	 •	 Severe acute respiratory infections in pediatric 
patients can progress to respiratory failure and 
acute respiratory distress syndrome (ARDS). 
Conducting clinical trials on pediatric ARDS is 
challenging because mortality is uncommon, 
and the use of noninvasive ventilation strategies 
is frequent.

	 •	 Ordinal scoring systems incorporate a range of 
clinically relevant outcomes into a single com-
posite endpoint to improve the efficiency of trial 
design.

	 •	 Our aim was to modify the World Health 
Organization Clinical Progression Scale (WHO-
CPS) for pediatric patients, to evaluate this 
score using real-world data, and to estimate 
how the use of this score might influence 
sample size and statistical power.
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Clinical Progression Scale for Pediatrics (CPS-Ped) 
including PARDS severity classifications based on 
PALICC-2 criteria (10). The WHO-CPS was devel-
oped in 2020 by an international panel of experts who 
met in Geneva, Switzerland. Using a Delphi process, 
participants agreed on an ordinal scale measuring pa-
tient progression through the healthcare system and 
reflecting trajectory and resource use over the clin-
ical course. The CPS-Ped stratifies patients based on 
the amount of respiratory support (low-flow or high-
flow nasal cannula oxygen, noninvasive or invasive 
mechanical ventilation), including different scores 
for patients discharged home at respiratory baseline 
versus requiring additional respiratory support, sim-
ilar to Beigel et al (16, 18). A detailed comparison of 
CPS-Ped to the WHO-CPS is shown in Table 1 and 
a comparison of CPS-Ped, WHO-CPS, and two other 
adult scores is shown in Table e1 (http://links.lww.
com/PCC/C409).

The CPS-Ped depicts a nine-point ordinal progres-
sion from 0 to 8. Patients with PARDS are scored 6–7 
and death is scored 8. Unlike the WHO-CPS, the CPS-
Ped does not include viral testing, because asympto-
matic viral testing is not common practice. Dialysis 
use was not included in CPS-Ped because it was rare. 
Vasopressor requirements were not included in the 
score, but we did assess how the addition of vasopres-
sors would change the score and outcome in post hoc 
analyses.

Evaluation of the Clinical Progression Score for 
Pediatrics (CPS-Ped)

We evaluated the performance of the CPS-Ped in three 
cohorts of pediatric patients admitted to the PICU. 
CPS-Ped was used to describe the escalation and 
de-escalation of respiratory support and capture which 
patients met the criteria for clinical improvement. 

TABLE 1.
Comparison of World Health Organization Clinical Progression Scale and Clinical 
Progression Scale—Pediatrics

Clinical Status 
World Health Organization Clinical 

Progression Scale (19) Clinical Progression Scale—Pediatrics 

Uninfected or recovered 0: Uninfected, no viral RNA detected 0: At respiratory baseline

Ambulatory; mild disease 1: Asymptomatic, viral RNA detected 1: At home on new respiratory supporta or 
in rehabilitation2: Symptomatic, independent

3: Symptomatic, assistance needed

Hospitalized; moderate disease 4: No oxygen therapy 2: No oxygen therapy

5: Receiving oxygen by mask or nasal prongs 3: Receiving oxygen by mask or nasal 
prongs

Hospitalized; severe disease 6: HFNC or NIPPV 4: HFNC or NIPPV

7: IMV; Pao2/Fio2 ≥ 150
(Spo2/Fio2 ≥ 200)

5: IMV without ARDS
(OI ≤ 4 or OSI ≤ 5)b

8: IMV; Pao2/Fio2 < 150
(Spo2/Fio2 < 200) or vasopressors

6: IMV with mild/moderate ARDS
(4 < OI < 16 or 5 < OSI < 12)a

9: IMV; Pao2/Fio2 < 150 and vasopressors, 
dialysis, or ECMO

7: IMV with severe ARDS
(OI ≥ 16 or OSI ≥ 12)a or ECMO

Death 10: Death 8: Death

ECMO = extracorporeal membrane oxygenation, HFNC = high-flow nasal cannula, IMV = invasive mechanical ventilation, NIPPV =  
noninvasive positive pressure ventilation, OI = oxygenation index, OSI = oxygenation saturation index, PARDS = pediatric acute 
respiratory distress syndrome, Spo2 = peripheral oxygen saturation.
aNew respiratory support includes patients who are discharged from the hospital on new (or increased) supplementary oxygen, new 
NIPPV, or new ventilator dependence.
bPARDS definitions based on Second Pediatric Acute Lung Injury Consensus Conference (10).
Formulas: OI = (Fio2 × mean airway pressure × 100)/Pao2; OSI = (Fio2 × mean airway pressure × 100)/Spo2.

http://links.lww.com/PCC/C409
http://links.lww.com/PCC/C409


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

Feature Articles

Pediatric Critical Care Medicine	 www.pccmjournal.org          1001

Patients were assigned a CPS-Ped score on admission 
and days 2–4, 7, 14, and 28. For each cohort, clinical 
improvement was defined on day 14 as CPS-Ped of two 
or less or a decrease of at least three points from admis-
sion. A score of two or less indicates that a patient no 
longer requires acute respiratory support in the hos-
pital or has been discharged home. Patients still requir-
ing respiratory support, but whose score decreased at 
least three points, were alive and liberated from inva-
sive mechanical ventilation, similar to VFD. Because 
almost all survivors had recovered by day 28, we chose 
day 14 as our endpoint.

We compared clinical improvement based on the CPS-
Ped to VFD at day 14 (13), hospital length of stay (LOS), 
and mortality. We performed sample size and power cal-
culations to determine the sample size required per group 
for detecting a 15% relative difference in day 14 clinical 
improvement, VFD, and mortality. Post hoc analyses to 
determine if differences in Spo2 measurements in Black 
patients would change criteria for clinical improvement 
at day 14, and to estimate the effect of incorporating vaso-
pressors into the score were conducted.

Statistical Analyses

Continuous and categorical data were summarized as 
medians (interquartile range), and all categorical data 
are presented as frequencies (percentages). Univariate 
and multivariable analyses of predictors of recovery at 
day 14 were assessed to identify patient characteristics 
that should be balanced in the randomization of fu-
ture clinical trials. This analysis was performed using 
the Fine-Gray regression model, with mortality before 
day 14 as a competing event to account for informative 
censoring (30). Results are reported as adjusted hazard 
ratios with 95% CIs. A two-tailed p value of less than 
0.05 was considered statistically significant. For 80% 
and 90% power, the sample size required per group for 
detecting a 15% relative difference (alpha 5% two-tailed) 
in day 14 clinical improvement, VFD, and mortality 
were calculated. Additional details of the statistical anal-
yses, including sample size and power calculations for a 
10% and 20% relative difference, are in the online data 
supplement (http://links.lww.com/PCC/C409).

RESULTS

As shown in Table 2, the three pediatric cohorts had 
similarities and differences. Patients in PICFLU and 

PICFLU-VE were younger than in COVID-19 (6.2 and 
4.9 yr vs 13.6 yr, respectively). The PICFLU cohort also 
had a higher percentage of previously healthy patients 
(65.4%) and bacterial coinfection (35.4%) compared 
with PICFLU-VE (23.1%, 14.7%) and COVID-19 
(21.9%, 6.3%). Importantly, the PICFLU cohort had 
a higher frequency of life-threatening disease with 
higher rates of invasive mechanical ventilation (71.5%) 
and extracorporeal membrane oxygenation (ECMO) 
support (12.9%) compared with PICFLU-VE (32.9%, 
2.1%) and COVID-19 (37.1%, 3.8%). In-hospital mor-
tality was 4.9% in PICFLU, 2.1% in PICFLU-VE, and 
4.6% in COVID-19.

Assessment of Disease Severity Using CPS-
Ped and Associations With Other Outcomes

The majority of patients in each cohort met clinical 
improvement criteria by day 14, including 205 of 
263 patients (77.9%) of PICFLU, 125 of 143 patients 
(87.4%) of PICFLU-VE, and 182 of 237 patients 
(76.8%) of COVID-19 patients. In the PICFLU co-
hort, 36% of patients met criteria for PARDS (CPS-
Ped 6 or 7) (10) on admission, which was higher than 
in the other two cohorts (Fig. 1A). In the COVID-19 
cohort, despite lower rates of mechanical ventilation 
than in PICFLU, the distribution of CPS-Ped over 
time shows a higher proportion of patients with per-
sistent need for respiratory support (CPS-Ped score 
of ≥ 3) at days 7 and 14 (Fig. 1A). Among survivors in 
all three cohorts, hospital LOS was longest in patients 
that developed PARDS (CPS-Ped 6 or 7) (10) (Fig. 
1B); there was a positive association between max-
imum CPS-Ped from admission to day 14 and hos-
pital LOS in survivors (p < 0.001), a commonly used 
measure for recovery. There was also a significant 
correlation between patients who met criteria for 
clinical improvement at day 14 and VFD between all 
three cohorts (p < 0.001), despite the lower frequency 
of invasive mechanical ventilation in PICFLU-VE 
and COVID-19 (Fig. e1, http://links.lww.com/PCC/
C409).

Although Figure 1A shows that there is overall im-
provement in CPS-Ped scores in survivors over time, 
many patients had increased disease severity on hos-
pital day 2 or later. Combining patients from all three 
cohorts, Figure 2A shows an alluvial plot of CPS-Ped 
progression through day 14 color-coded by day 14 
CPS-Ped. The percentage of patients experiencing 

http://links.lww.com/PCC/C409
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TABLE 2.
Patient Demographics and Clinical Characteristics of the Pediatric Intensive Care 
Influenza Cohorts and the COVID-19 Cohort

Variable PICFLU (n = 263) PICFLU-VE (n = 143) COVID-19 (n = 237) 

Age (yr), median (IQR) 6.2 (2.1, 10.9) 4.9 (2.4, 9.0) 13.6 (4.6, 16.4)

Sex, n (%)  

 � Male 152 (57.8) 91 (63.6) 146 (61.6)

 � Female 111 (42.2) 52 (36.4) 91 (38.4)

Race, n (%)  

 � White 192 (73.0) 87 (60.8) 106 (44.7)

 � Black 42 (16.0) 22 (15.4) 74 (31.2)

 � Asian 4 (1.5) 5 (3.5) 10 (4.2)

 � Multirace or other 25 (9.5) 29 (20.3) 47 (19.8)

Ethnicity, n (%)  

 � Hispanic or Latino 62 (23.6) 33 (23.1) 84 (35.4)

 � Not Hispanic or Latino or unknown 201 (76.4) 110 (76.9) 153 (64.6)

Underlying health issues, n (%)  

 � Previously healthy 172 (65.4) 50 (35.0) 52 (21.9)

 � Respiratory 64 (24.3) 57 (39.9) 91 (38.4)

 � Asthma 51 (19.4) 37 (25.9) 58 (24.5)

 � Cardiovascular 2 (0.8) 7 (4.9) 35 (14.8)

 � Neurologic 23 (8.7) 40 (28.0) 53 (22.4)

 � Othera 28 (10.6) 54 (37.8) 159 (67.1)

Influenza type, n (%)b  

 � Influenza A 198 (75.3) 89 (62.2)  

 � Influenza B 59 (22.4) 51 (35.7)  

Bacterial coinfection, n (%) 93 (35.4) 21 (14.7) 15 (6.3)

Viral codetection, n (%) 56 (21.3) 28 (19.6) 20 (8.4)

Vasoactive infusionsc, n (%) 91 (34.6) 31 (21.7) 41 (17.3)

Mechanical ventilation, n (%) 188 (71.5) 47 (32.9) 88 (37.1)

Extracorporeal membrane oxygenation, 
n (%)

34 (12.9) 3 (2.1) 9 (3.8)

Invasive mechanical ventilation daysd, 
median (IQR)

3.3 (0.0, 7.3) 0 (0, 1.6) 0 (0, 3.3)

PICU days, median (IQR) 6.0 (3.2, 11.8) 2.5 (1.5, 6.2) 4.8 (2.4, 10.4)

Hospital dayse, median (IQR) 9.5 (5.0, 19.2) 5.7 (3.4, 12.2) 9.0 (4.8, 16.1)

Hospital mortality, n (%) 13 (4.9) 3 (2.1) 11 (4.6)

IQR = interquartile range, PICFLU = pediatric intensive care influenza, VE = vaccine effectiveness.
aRenal, gastrointestinal, hepatic, metabolic, and genetic conditions.
bInfluenza A H1N1 subtype was identified in 96 (36.5%) PICFLU patients and 75 (52.4%) PICFLU-VE patients. Influenza A H3 subtype 
was identified in 61 (23.2%) PICFLU patients and 2 (1.4%) PICFLU-VE patients. Influenza A (not subtyped) was identified in 41 
(15.6%) PICFLU patients and 12 (8.4%) PICFLU-VE patients.
cPatients who received vasoactive infusions (dopamine > 5 μg/kg/min or any dose of epinephrine/norepinephrine) on any day during 
hospitalization.
dAmong survivors; does not include noninvasive positive pressure ventilation days.
eReferring hospital hours if known.
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clinical worsening (CPS-Ped increasing ≥ 1 point) 
at any point from admission to day 14 was 39.1% in 
PICFLU, 18.2% in PICFLU-VE, and 48.9% in COVID-
19; in these same cohorts, 19.0%, 11.2%, and 16.9% of 
patients progressed to require intubation and/or death 
by day 14. Additional details of the trajectory of change 
in CPS-Ped after admission through hospital day 14 
are in Table e2 (http://links.lww.com/PCC/C409).

Of the 27 in-hospital deaths, deaths occurring on or 
before day 14 were uncommon (n = 14; 7 PICFLU, 1 
PICFLU-VE, 6 COVID-19). An alluvial plot showing 
the progression of CPS-Ped for all in-hospital fatalities is 

shown in Figure 2B. An analysis of CPS-Ped progression 
for fatalities that occurred at any point during hospital-
ization showed that none of the patients who died met 
criteria for clinical improvement by day 14 or during their 
hospitalization, although some were still alive by day 28.

Factors Associated With Clinical Improvement 
by Day 14

Details of the results of the univariate and multivariate 
analyses are in Table e3 (http://links.lww.com/PCC/
C409). Higher admission CPS-Ped was associated 

Figure 1. The Clinical Progression Scale—Pediatric (CPS-Ped) distribution. A, Distribution of the CPS-Ped  by hospital day through day 
14 for the Pediatric Intensive Care Influenza (PICFLU), PICFLU-vaccine effectiveness (VE), and COVID-19 cohorts, and for fatalities 
across all three cohorts (n = 27; PICFLU = 13; PICFLU-VE = 3; COVID-19 = 11). None of the patients who died (CPS-Ped 8) met 
the criteria for clinical improvement during their hospitalization. B, Association of maximum CPS-Ped by day 14 in survivors versus total 
hospital length of stay using the Kruskal-Wallis test.

http://links.lww.com/PCC/C409
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with failure to clini-
cally improve by day 
14 in all three cohorts 
(p ≤ 0.05) in univariate 
analyses. Other sig-
nificant predictors of 
a lower likelihood of 
clinical improvement 
by day 14 included 
age of greater than 
12 years in PICFLU, 
and bacterial coin-
fection in PICFLU 
and PICFLU-VE. The 
results of the mul-
tivariable analyses 
adjusted for age cat-
egory, gender, race, 
ethnicity, and bacte-
rial coinfection are 
in Figure 3; after ad-
justment, admission 
CPS-Ped remained 
significant only in the 
PICFLU cohort.

Sample Size 
Calculations

Detailed sample size 
estimates for detect-
ing a 10%, 15%, or 
20% clinical improve-
ment using CPS-Ped, 
VFD, and mortality 
are shown in Table e4 
(http://links.lww.com/
PCC/C409) using 
the observed out-
come percentages for 
each cohort as con-
trol group estimates. 
When using CPS-Ped 
to assess clinical im-
provement by day 14, 
the sample size esti-
mated to detect a 15% 
relative difference in 
clinical improvement 

Figure 2. Alluvial plots of the Clinical Progression Scale—Pediatric (CPS-Ped). A, Alluvial plot of the 
CPS-Ped through day 14 for all three cohorts. Patients are color-coded by CPS-Ped on day 14. The 
legend shows the color-coding of CPS-Ped from 0 (discharged home at baseline support) through 
8 (death). B, Alluvial plot of the CPS-Ped for fatalities for all three cohorts. Patients are color-coded 
by CPS-Ped on admission. The legend shows the color-coding of CPS-Ped from 2 (in hospital, no 
respiratory support) through 8 (death).
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in the intervention 
group compared to 
the control group for 
PICFLU and COVID-
19 with 80% power 
was 142 and 208, re-
spectively, per group. 
For PICFLU-VE, a 
15% improvement 
would require that 
98% of patients clini-
cally improved by day 
14, given that the con-
trol group already had 
85% clinical improve-
ment by that date. To 
detect a 10% clinical 
improvement with 80% 
power in PICFLU-VE, 
225 patients per group 
would be required.

We then calculated 
sample size estimates 
for other relevant clin-
ical outcomes. For 
VFDs, detecting a 15% 
relative improvement 
in VFDs at day 14 re-
quired 167 patients 
per treatment group 
for PICFLU. For the 
PICFLU-VE and 
COVID-19 cohorts, it 
was not possible to per-
form these calculations 
because the median 
VFD at day 14 was 14, 
therefore not allowing 
the detection of a re-
sponse effect within the 
intervention group. For 
mortality, the sample 
size estimates per treat-
ment group to provide 
80% power with 15% 
relative improvement 
in a population with 
a 3% baseline mor-
tality rate (which is 

Figure 3. Predictors of clinical improvement using the Clinical Progression Scale—Pediatric (CPS-Ped) 
at day 14 in the Pediatric Intensive Care Influenza (PICFLU), PICFLU-vaccine effectiveness (VE), and 
pediatric COVID-19 cohorts. Clinical improvement was defined as a CPS-Ped of ≤ 2 or a decrease 
from the maximum CPS-Ped by three points at day 14. Associations were evaluated in the multivariable 
analyses using the Fine-Gray regression model with early mortality as a competing event. SARS-CoV-2 =  
severe acute respiratory syndrome coronavirus 2.



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

Leland et al

1006          www.pccmjournal.org	 December 2023 • Volume 24 • Number 12

consistent with what was observed in the PICFLU co-
hort), was 21,356 patients per treatment group; for the 
other two cohorts with lower mortality sample size 
estimates were even larger.

Post hoc Analyses

Our first post hoc analysis was to determine whether 
potential decreases in Spo2 compared to Pao2 measure-
ments in Black patients would impact clinical improve-
ment by day 14. Among the three cohorts, 30 Black 
patients had a total of 86 OSI measurements at any point 
during their hospitalization; only three scores would 
change if Spo2 were decreased by 4% (details in online 
data supplement, http://links.lww.com/PCC/C409). 
Our second post hoc analysis evaluated how adding 
vasopressors to CPS-Ped would change clinical im-
provement by day 14. Of patients with a maximum CPS-
Ped score of less than 7, the number of patients who met 
the criteria for clinical improvement by day 14 increased 
by 11 patients; their maximum score increased from 6 
to 7 and their day 14 score was 4, so the change of three 
points led to them meet clinical improvement criteria 
(Table e5, http://links.lww.com/PCC/C409).

DISCUSSION

We developed CPS-Ped as an ordinal score describ-
ing the range of disease severity based on the level of 
respiratory support and degree of hypoxia in pediatric 

patients requiring intensive care for viral lower respi-
ratory tract infection (LRTI). We compared CPS-Ped 
against another indicator of recovery, hospital LOS in 
survivors. Our findings suggest that in future random-
ized clinical trials including children with viral LRTI, 
it is important to ensure age, infecting virus type, bac-
terial coinfection, and admission disease severity are 
balanced across the groups as each predicts clinical 
improvement.

Use of noninvasive ventilatory strategies in children 
with acute viral respiratory failure is increasingly com-
mon and often avoids the need for invasive mechan-
ical ventilation. Thus, CPS-Ped showed superiority 
over VFD as a clinical outcome as CPS-Ped captures 
improvement in nonintubated patients. CPS-Ped also 
allowed tracking of disease severity over time and 
identified patients who developed PARDS. Mortality 
was low in all three cohorts and would require many 
thousands of patients per group to detect a difference, 
making it infeasible as an outcome.

We did not identify a score similar to CPS-Ped for 
children, but ordinal scores have been used as clinical 
trial endpoints for adult viral LRTI. In 2019, Beigel et al 
(16) used clinical status at day 7 on a six-point ordinal 
scale in a randomized trial of anti-influenza plasma for 
severe influenza A infection. The WHO-CPS was devel-
oped for COVID-19 trials (19), and a trial of remdesivir 
in adults hospitalized with COVID-19 used an eight-
category ordinal scale to define clinical improvement 
at day 15 (18). CPS-Ped, a similarly constructed ordinal 
outcome assessment score, could be applied in pediatric 
trials. Potential advantages of using this composite end-
point include increased statistical power and holistic 
assessment of treatment effectiveness, which may lead to 
improved clinical relevance and efficiency of trial design.

There are several considerations that should be 
mentioned regarding the use of CPS-Ped as an ordinal 
score. Scores of 0, 1, and 8 are outcome measures and, 
by definition, cannot be present at admission. Scores 
3 and 4 are potentially influenced by practitioner be-
havior, local practice, and patient characteristics due 
to variability on when to initiate and escalate oxygen 
therapy and noninvasive support. In contrast, scores 
of 5, 6, and 7 represent a more objective use of inva-
sive mechanical ventilation and/or ECMO. Clinicians 
should also be mindful of recently published litera-
ture describing differences between simultaneous Sao2 
and Spo2 measurements in Black patients compared to 

 
AT THE BEDSIDE

	 •	 Clinical Progression Scale—Pediatrics (CPS-
Ped) captures a wide range of disease severity 
based on the level of respiratory support and 
degree of hypoxia in pediatric patients with 
acute viral respiratory infections.

	 •	 In contrast to ventilator-free days, CPS-Ped 
captured clinical improvement in nonintubated 
patients and allowed for tracking of disease se-
verity over time.

	 •	 Clinical improvement by day 14 using CPS-Ped 
was correlated with hospital length of stay and 
sample sizes appear feasible as a potential out-
come measure to evaluate in-hospital recovery 
for future clinical trials.
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White patients (31, 32), showing possible underestima-
tion of hypoxia in dark-skinned patients when pulse 
oximetry measurements are used. This is important to 
consider as the use of OSI in the CPS-Ped could lead 
to misclassification, although our post hoc analysis of 
OSI measurements in Black patients did not suggest 
significant bias was introduced in these three cohorts.

Short-term in-hospital outcomes are feasibly meas-
ured, but their associations with longer-term health out-
comes are unclear. However, we do believe that clinical 
improvement measured by CPS-Ped is likely to be clini-
cally important. The First Line Support for Assistance in 
Breathing in Children (FIRST-ABC) clinical trials in crit-
ically ill children evaluated time from randomization to 
liberation from all forms of respiratory support as their 
primary outcome (33, 34) based on parental preference 
to have children free of respiratory support that would 
prevent them from holding, feeding, or otherwise inter-
acting supportively. For intubated patients, extubation 
success, duration of mechanical ventilation, and mor-
tality were three of the five core outcome set measures 
recommended for clinical trials in mechanical ventilation 
based on expert consensus using a rigorous methodology 
(35). LOS was another recommended core outcome set 
measure, which strongly correlates with CPS-Ped.

The application of CPS-Ped across three multicenter 
real-world pediatric cohorts hospitalized with severe 
viral infections is a major strength of our study. Our 
findings also have important limitations. First, our 
data were collected at specific time points, limiting our 
ability to conduct time-to-event analyses, which could 
be important metrics. Second, we did not assess long-
term health outcomes such as decreases in lung func-
tion or neurocognitive sequelae, which occur in PARDS 
survivors (36–38). Third, although the WHO-CPS was 
developed by an international panel of experts, a sim-
ilar Delphi process of pediatric experts was not con-
ducted for CPS-Ped. Fourth, our analyses were limited 
to pediatric patients with influenza and COVID-19 in-
fection and may not be applicable to other causes of 
pediatric acute respiratory failure. Fifth, our post hoc 
assessment of vasopressors showed score inflation in a 
small percentage of patients who otherwise would not 
have met clinical improvement criteria, which may be a 
result of how clinical improvement was defined. Sixth, 
potential drawbacks of using a composite outcome 
include potential interpretation challenges, increased 
complexity compared to mortality, and challenges with 
acceptance by regulatory agencies.

CONCLUSIONS

We modified the WHO-CPS for use in pediatric 
patients to capture the spectrum of illness severity 
and threshold for clinical improvement in acute res-
piratory failure. Applying CPS-Ped to real-world data 
from children with viral infections shows that CPS-
Ped measures the progression of disease and recovery 
in patients with mild–moderate illness, whereas cap-
turing meaningful improvement in those with a life-
threatening disease. Clinical improvement by day 14 
was correlated with hospital LOS, an indicator of re-
covery, and sample sizes appear feasible as a potential 
outcome measure. These promising findings support 
the future evaluation of CPS-Ped in clinical trials.
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