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Abstract: The objectives of this review are to describe the limitations of commonly used clinical outcomes
[e.g., mortality, ventilation parameters, need for extracorporeal membrane oxygenation (ECMO), pediatric
intensive care unit (PICU) and hospital length of stay (LOS)] in pediatric acute respiratory distress syndrome
(PARDS) studies; and to explore other pertinent clinical outcomes that pediatric critical care practitioners
should consider in future clinical practice and research studies. These include long-term pulmonary function,
risk of pulmonary hypertension (PHT), nutrition status and growth, PICU-acquired weakness, neurological
outcomes and neurocognitive development, functional status, health-related quality of life (HRQOL)],
health-care costs, caregiver and family stress. PubMed was searched using the following keywords or
medical subject headings (MESH): “acute lung injury (ALI)”, “acute respiratory distress syndrome (ARDS)”,

“pediatric acute respiratory distress syndrome (PARDS)”, “acute hypoxemia respiratory failure”, “outcomes”,

” o« ” o«

“pediatric intensive care unit (PICU)”, “lung function”, “pulmonary hypertension”, “growth”, “nutrition’,
“steroid”, “PICU-acquired weakness”, “functional status scale”, “neurocognitive”, “psychology”, “health-
care expenditure”, and “HRQOL”. The concept of contemporary measure outcomes was adapted from
adult ARDS long-term outcome studies. Articles were initially searched from existing PARDS articles pool.
If the relevant measure outcomes were not found, where appropriate, we considered studies from non-
ARDS patients within the PICU in whom these outcomes were studied. Long-term outcomes in survivors of
PARDS were not follow-up in majority of pediatric studies regardless of whether the new or old definitions
of ARDS in children were used. Relevant studies were scarce, and the number of participants was small.
As such, available studies were not able to provide conclusive answers to most of our clinical queries.
There remains a paucity of data on contemporary clinical outcomes in PARDS studies. In addition to the
current commonly used outcomes, clinical researchers and investigators should consider examining these

contemporary outcome measures in PARDS studies in the future.
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Introduction

Pediatric acute respiratory distress syndrome (PARDS) is
an uncommon diagnosis in the pediatric intensive care unit
(PICU), with a reported incidence of only 3% (1). Despite
its low incidence, mortality from PARDS remains high. A
systematic review reported a pooled PARDS mortality rate
of 24% [95% confidence interval (CI): 19-31%], which
has decreased over time from 40% before 2000 (95%
CI: 24-59%) to 18% (95% CI: 12-26%) after 2010 (2). The
overall reduction in mortality rate has been attributed to
earlier recognition of the disease, advances in critical care,
use of early lung protective strategies and improvement
in supportive care (3). Unfortunately, approximately
a quarter of patients developed new morbidities after
PARDS (4). These morbidities may be the result of residual
organ dysfunctions from PARDS, complications from
treatments, or a combination of both (4). Understanding
the consequences of PARDS is important so that clinicians
can modify provision of care to minimize the morbidity
risks, ensure quality improvement initiatives within the
PICU, focused on these important outcomes, and formulate
a better management plan to reduce hospital and PICU
readmissions. Figure | summarizes the events that lead to
PARDS and subsequent potential outcomes.

Many adult survivors of acute respiratory distress
syndrome (ARDS) experience impairment in cognition,
mental health, and physical function known as post-
intensive care syndrome (PICS) (5,6). ARDS survivors
demonstrate persistent physical and psychosocial problems
up to 5 years post ARDS (7). These impairments potentially
limit their ability to return to work and can constitute a
significant burden on their families and on the society (7).
Similarly, pediatric survivors of PARDS may face similar
issues. The post intensive care syndrome in pediatrics
(PICS-p) framework highlights the importance of baseline
status which will influence the eventual trajectory of recovery,
organ system maturation, psychosocial development, the
interdependence of family, and trajectories of health recovery
that can potentially impact a child’s life for decades (8).

Conventional clinical outcomes, such as mortality,
ventilation parameters, need for extracorporeal membrane
oxygenation (ECMO) and PICU or hospital length of stay
(LOS), which are often used in clinical studies, may not be
the most appropriate endpoints for contemporary PARDS
clinical trials. Recent report from the Pediatric Acute Lung
Consensus Conference (PALICC) proposed that PARDS
may pose significant personal, social and economic burden,
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suggesting the need to explore other relevant outcome
measures that include patient- (and caregiver-) reported
outcomes, long-term developmental milestones in a child, as
well as economic cost analysis (9). These include long-term
pulmonary function, risk of pulmonary hypertension (PHT),
nutrition status and growth, PICU-acquired weakness,
neurological outcomes and neurocognitive development,
functional status, health-related quality of life (HRQOL),
health-care costs, caregiver and family stress. Unfortunately,
there is currently a paucity of data on these contemporary
outcome measures (9).

Thus, the objectives of this narrative review are to
describe the limitations of currently used clinical outcomes
in published PARDS studies; to explore new outcomes
that pediatric critical care practitioners should consider in
clinical practice and research studies; to depict the current
utility of patient-reported outcomes in PARDS and finally
to characterize future approaches that can be considered in
clinical studies in PARDS when describing these pertinent
outcomes.

Methods

PubMed was searched using the following keywords
or medical subject headings (MESH) terms in various
combinations: “acute lung injury (ALI)”, “acute respiratory
distress syndrome (ARDS)”, “pediatric acute respiratory
distress syndrome (PARDS)”, “acute hypoxemia respiratory
failure”, “outcomes”, “pediatric intensive care unit”,
“lung function”, “pulmonary hypertension”, “growth”,
“nutrition’, “steroid”, “PICU-acquired weakness”,
“functional status scale”, “neurocognitive”, “psychology”,
“health-care expenditure”, and “HRQOL”. The concept
of contemporary measure outcomes was adapted from
adult ARDS long-term outcome studies (5,10). Articles
were initially searched from existing PARDS articles pool.
If the relevant measure outcomes were not found, where
appropriate, we considered studies from non-ARDS patients

within the PICU in whom these outcomes were studied.

Results
Conventional outcome measures

Mortality

Outcomes such as PICU mortality, 28-day mortality,
60-day mortality are easily obtainable short-term outcome
measures which are frequently used in clinical trials. In
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Figure 1 Overview of pediatric acute respiratory distress syndrome (PARDS).

contrast to in-hospital mortality which is usually affected by
disease severity, comorbidities and the use of life-supporting
technologies (11,12), longer-term mortality may be a better
indicator on how well the health-care providers maintain
the wellness of PARDS survivors. Improved survival has
greatly increased the number of patients needed to achieve
statistical significance to demonstrate reduction in mortality,
hence making recruitment difficult for clinical trials. It is
estimated that 1,500-2,500 adult patients are now needed
to achieve significance in mortality rate for phase 3 clinical
trials, as compared to 860 patients recruited for the ARDS
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Network trial (3). Given the low mortality in children with
PARDS, future PARDS trials would similarly require large
numbers of patients.

It has become increasingly apparent that existing
definitions of ARDS include a highly heterogenous group
of patients with considerable different comorbidities and
severity. Many have questioned the usage of mortality
as a short-term clinical outcome for ARDS as patients
with ARDS usually die from organ failure associated with
underlying comorbidities (e.g., immunocompromised
status) or complications from disease progression (e.g.
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multiorgan failure and sepsis) rather than respiratory failure
itself (13-16). It is postulated that attributing mortality to
PARDS might be an over generalization in many PARDS
deaths as PARDS has often resolved at the time of death (16).

Ventilation parameters

Duration of mechanical ventilation (MV) and ventilation
free days (VFD) are common outcomes used in PARDS
clinical trials (17-19). VFD at 28 days is derived from
subtracting duration of MV from 28 days. Both outcomes
are limited to survivors, negating the potential effects of
interventions on non-survivors in the clinical trials. The
use of ventilation parameters as outcome measures in
clinical trials will also be increasingly challenged by the
shift of focus from treating established ARDS to preventing
ARDS, eventually leading to decreasing need for invasive
MV (20). Furthermore, definition of ventilation parameters
might differ between clinical trials depending on whether
the trial includes non-invasive ventilation as part of the
management, which has been recognized as part of the
definition of ARDS since 2012 (21). In addition, duration
of MV can be lengthened by poor secretions control, poor
respiratory effort from neurological comorbidities or airway
abnormalities. Patients may have recovered from PARDS
but remained intubated for other reasons, limiting the
use of ventilation parameters as a short-term outcome in

PARDS clinical trials.

Need for ECMO

Need for ECMO as an outcome measure is based on the
premise that the degree of hypoxemia in PARDS is so severe
that it is refractory to “safe” conventional MV support.
This outcome measure is not applicable in non-ECMO
centers even though some might argue that it is equivalent
to mortality in such instances (15). Furthermore, ECMO
should be considered more of an intervention rather than
an outcome and is highly dependent on hospital resources
and physicians’ threshold (18). The indications and contra-
indications also differ among different centers, making it a
challenge to consider this an outcome in multicenter clinical
trials.

PICU and hospital LOS

Clinical trials that used PICU and hospital LOS as outcome
measures often find no significant difference in LOS
between intervention and placebo group (19,22). It is a
commonly used outcome measure as it is easy to obtain and
patient-centered. However, patients who recovered from
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PARDS might stay in PICU or hospital for reasons such
as caregiver training, rehabilitation and lack of caregivers,
making LOS a poor outcome measurement of PARDS.
Similar to other clinical conditions, LOS is also significantly
affected by non-clinical factors and adjustment for these
factors is often necessary (17,23).

Contemporary outcome measures to consider

Long-term pulmonary function

There are limited studies that report on the long-term
pulmonary function in survivors of PARDS. Available
studies are often of small sample size and are not limited to
children with PARDS alone.

One of such studies which consisted of 29 children (age
5-12 years old) who required MV for acute hypoxemic
respiratory failure showed a significant proportion of
patients had subclinical pulmonary function abnormalities
within the first year of follow-up (24). These patients
were follow-up at 3 and 9-12 months after discharge from
PICU. During the first visit, 38% (11/29) of patients had
recurrent respiratory symptoms, 14% (4/29) of patients had
abnormal chest radiographs, and 83% (24/29) of patients
had abnormal spirometry readings. During the second
visit, none had recurrent respiratory symptoms and only
19% (5/27) still had abnormal spirometry readings. This
cohort showed a significant improvement in spirometry
test over few months (P<0.001). For the spirometry test,
majority demonstrated a restrictive [71% (17/24) vs. 60%
(3/5)] picture at both visits (24). This finding was different
from another study that found none of the patients
exhibited restrictive lung disease (25). In this particular
study, 24% (4/17) had obstructive lung disease, 12% (2/17)
had abnormal diffusing capacity of the lungs for carbon
monoxide (DLCO) and the rest had normal pulmonary
function tests at nearest to the 12-month post ARDS (25).

Another smaller study which recruited 7 children with
ARDS (mean duration of MV was 9.4+7.3 days and worst
PaO,/FiO, ratio was 65.1+17.0 mmHg) and they were
followed-up for a mean duration of 5.6+4.3 years after
PICU discharge. Pulmonary functions were within normal
limits in all patients except for one child who had mildly
reduced DLCO and another who had mild exercise-induced
hypoxemia. None of them were symptomatic or had
physical limitations (26).

It appears that majority PARDS survivors had no
prolonged lung sequelae in all these studies. However, given
the small sample size, future clinical studies should include
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the presence of respiratory symptoms, oxygen dependence,
physical limitations, exacerbations, and lung function
abnormalities in PARDS survivors.

Risk of PHT

Studies on risk of PHT in children with PARDS are also
lacking. Most studies reported early development of PHT in
ARDS; however, incidence of late PHT in ARDS survivors
remains poorly described (27-31). Using trans-esophageal
echocardiographic (TEE) at day 3 of MV, a longitudinal
study of adult ARDS patients reported the incidence of
acute cor pulmonale to be 25% (19/75); and they had
complete resolution of PHT by the end of 4 weeks (29).
In children, it was reported as high as 21% of patients had
PHT early in their course of PARDS (28).

Mechanisms of PHT in these patients include endothelial
dysfunction, pulmonary vascular occlusion, increased
vascular tone, extrinsic vessel occlusion, and vascular
remodeling (30-32). Pathogenesis of elevated pulmonary
vascular resistance and PHT may be related to the interaction
between alveolar over-distension and blood flow in patients
that are ventilated with high airway pressure (31,33).

Patients with cardiac and respiratory disease often
display depressed exercise capacity (34-36). The functional
walk tests [e.g., six-minute walk test (6MWT)] (35)
and the cardiopulmonary exercise test (CPET) (36)
with metabolic monitoring are among the modalities to
assess exercise capacity (37). A study which followed up
29 children (mean age 8.4£2.4 years) who received MV
for acute hypoxemic respiratory failure at 3.5£1.2 and
10.6=2.7 months after discharge from PICU showed the
mean distance walked increased significantly from 352+66.7
to 401+60.7 minutes, P=0.002 (24). However, these children
were not tested formally for evidence of PHT in this study.
Therefore, the causes of depressed exercise capacity in this
group of patients remain unknown.

Extrapolating from patients with congenital heart
disease, electrocardiograph (ECG) can potentially detect
PHT before they develop right heart failure symptoms (38).
The ECG can provide suggestive evidence of PHT by
demonstrating right ventricular hypertrophy (39). However,
the sensitivity is low despite a good specificity (>95%)
and a positive predictive value of 12% in an adult study
(40,41). Thus, ECG alone may be inadequate as a screening
tool to pick up PHT in children with PARDS. Invasive
cardiac catheterization remains the gold standard for
detection of elevated pulmonary pressures (42). However,
this is often not practical in pediatric survivors of PARDS.
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Therefore, echocardiography remains the most common
screening modality for PHT as it is noninvasive and readily
available (43). There remains limited description of the
degree and natural history of PHT in PARDS. Because
PHT potentially impacts the exercise capability of survivors,
future studies should consider reporting PHT as one of the
short-term outcome measures in PARDS.

Nutrition status and growth

Children have poor body reserves and are dependent
on adults for care-giving. Therefore, they are at risk
of malnutrition. There are numerous barriers to
ensure adequate enteral nutrition (EN) in critically ill
children, including feed interruptions, intolerance and
fluid restrictions (44). The benefits of EN have been
demonstrated in numerous studies (45-48). However, both
underfeeding and overfeeding are associated with worse
outcomes (49).

Adult survivors of critical illness demonstrate
skeletal muscle wasting as evidenced by reduced rectus
femoris cross-sectional (CSA) through serial ultrasound
measurements with associated functional impairment
and was severe among those with multiorgan failure (50).
Muscle mass is maintained through balanced protein
breakdown and synthesis (51). In PARDS, whether muscle
wasting occurs, and whether this is persistent is currently
unknown, but deserves further study. Therefore, continued
monitoring of nutritional status remains paramount even
after discharge.

Whilst there are data supporting the association between
high admission body mass index and lower mortality risk
in PARDS, the impact of PARDS and current clinical
management on post-PICU growth remain largely
unknown (52). Somatic growth and biological maturation
are influenced by several factors that act independently
and in concert to modify a child’s genetic growth potential.
Some of the management strategies in PARDS may have
consequences on growth such as the use of corticosteroids
(53,54). In an animal study, early postnatal exposure to
steroid has been shown to cause significant growth deficits in
weanling and adolescent rats (55). Similar findings were also
found in preterm babies treated with steroids postnatally
for their bronchopulmonary dysplasia (BPD) (56).
These infants had decreased absolute growth velocities
during and shortly after treatment, followed by an increase
in growth velocity thereafter (57). Other significant findings
in the prior-mentioned animal study were changes in
metabolic hormones, thus raising concerns for early onset
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of adult diseases such as obesity, diabetes, hypertension, and
cardiovascular disease (55). Given this preliminary data in
animal studies, investigators should consider following-up
growth parameters in PARDS survivors, especially those
who has been treated with corticosteroids.

PICU-acquired weakness

ICU-acquired weakness (i.e., critical illness myopathy
and critical illness neuropathy) occurs in a significant
proportion of critically ill adults (50,57). However, a large
national database reported a much lower incidence of
PICU-acquired weakness in critically ill children [0.03%
(55/203,875)] (58). This low incidence might be due
under-recognition and under-reporting due to no standard
diagnostic criteria for ICU-acquired weakness in children.
The importance of recognizing and reporting the incidence
of PICU-acquired weakness is that duration of MV was
higher among children with PICU-acquired weakness
versus those who did not develop PICU-acquired weakness
(31.6+28.9 vs. 9.3£20.6; P<0.001) (58). Therapies utilized
in PARDS such as neuromuscular blockade, corticosteroids
can potentially contribute to PICU-acquired weakness.
In addition to that, this outcome should be followed-up
in PARDS survivors as it potentially impacts subsequent
recovery, as demonstrated in a study that examined
school attendance of 29 children (5-12 years old) who
were ventilated for acute hypoxemic respiratory failure.
School attendance was only 55.2% (16/29) at first follow-
up (3.5+1.2 months) and 85.2% (23/27) at the second visit
(10.6+2.7 months) (P<0.001). One main reason for not
attending school was perception of weakness among parents
and patients (seven patients during first follow-up) (24).
However, it was not specifically described in the study
whether the investigators documented associated PICU-
acquired weakness in these patients.

Neurological outcomes (neurocognitive development)
Appropriate neurocognitive development can determine
a child’s ability to be self-sufficient, independent, sociable
and functioning in the society. However, certain therapies
used in PARDS may potentially impact on neurological
outcomes in survivors.

In animals, there was evidence to suggest that
hydrocortisone had long lasting negative effect toward
neurodevelopment, learning abilities and memory outcomes
that persisted into adulthood, with more marked effects in
those treated with higher steroid dose (55). However, the
negative impacts of steroid on cognitive functions were
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not replicated in a randomized clinical trial of extremely
preterm infants treated with early low-dose hydrocortisone
to prevent BPD. There was no significant difference in
neurodevelopment at 2 years of age (59).

Steroid effects on the brain mimic an inverse-U-
shaped curve, because deleterious effects result from both
glucocorticoid insufficiency and/or excess glucocorticoid
tissue exposure (60). Taking into consideration that preterm
infants are at higher risks of neurodevelopment disabilities,
extrapolation of these findings to PARDS survivors may
be inappropriate. Indeed, further studies are required
to determine the effects of corticosteroids on PARDS
SUrvivors.

Functional status

Functional status, defined as the ability to carry out
everyday activities, is increasingly recognized as an
important outcome measure of the critical illness and its
treatment-related complications (61). The functional status
scale (FSS) was developed by a multidisciplinary consensus
process to facilitate assessment of functional status in large
PICU outcome studies. The FSS, a clinical score across
6 domains of function on a 1 to 5 scale, is applicable for
patients across all age groups and developmental stages, and
is fast and easy to use (61). New impairments as measured
by the FSS appear to be an intermediate outcome for PICU
patients on the spectrum between survival with perfect health
and death, reinforcing the relevance of functional impairment
as an outcome measure (62). One study utilized the FSS to
determine new morbidity rate of PARDS survivors (4). New
morbidity, defined as an increase (worsening) in FSS of at
least 3 points from baseline (pre-illness) at hospital discharge,
was present in 23% (63/274) of PARDS survivors (4). The
greatest degree of impairment occurred in motor function,
respiratory and feeding domains. However, as the FSS is
a measure of global function, it is unable to capture the
functional impairment in greater detail (e.g., the degree of
lung capacity reduction, etc.).

In addition to FSS, there are many other existing
functional outcome measures available for use in
pediatrics. These include Adaptive Behavioral Assessment
System (ABAS-III), Vineland Adaptive Behavioral Scales
(Vineland ™-1T), Bayley Scales of Infant and Toddler
Development (Bayley-I1I), pediatric cerebral performance
category (PCPC) and pediatric overall performance
category (POPC). ABAS-III, Vineland™'-II, and Bayley-III
provide complete assessment of age-appropriate functional
skills but can be time-consuming to perform. The PCPC

Ann Transl Med 2019;7(19):513 | http://dx.doi.org/10.21037/atm.2019.09.32



Annals of Translational Medicine, Vol 7, No 19 October 2019

and POPC were developed to quantify short-term cognitive
impairment and overall short-term functional morbidity,
respectively (63). PCPC and POPC are easy and quick to
perform but may involve subjectivity and future projections
by the assessors (61). The ideal tool for measurement
of functional status outcomes in PICU or PARDS
survivors remains unclear and requires further study and
standardization.

HRQOL

Advances in intensive care have changed what were acute
life-threatening events previously to chronic illness with
protracted course. It is imperative that the healthcare
team is aware of the long-term impact of PARDS
survivorship (64). Children with chronic health conditions
are at increased risk of HRQOL problems compared to
their healthy peers (65). In a small pilot study (n=24) on
HRQOL in PARDS survivors, children reported worse
perceptions of their general health compared to children
with chronic asthma (25). By learning the most affected
domains of HRQOL in PARDS survivors, the healthcare
team can start to address these areas so as to improve the
HRQOL of these survivors. Thus, HRQOL is an important
outcome measure in both clinical practice and research
areas in PARDS.

The importance of HRQOL in ARDS was demonstrated
from adult studies. A prospective cohort study of 200 adult
patients was conducted to measure the quality-adjusted
survival in the first year after ARDS. Using the quality of
well-being (QWB) scale (0 to 1 scale where 1= optimal
well-being) measured at 6 and 12 months, investigators
determined the quality-adjusted life-years (QALYs) of the
survivors. The mean QWB was reported to be low with a
narrow confidence interval (0.59+0.015 and 0.60+0.015 at
6 and 12 months, respectively, P=0.48). This represented
a considerable illness burden, and probably occurred as a
direct result of their critical illness (66).

Health-care costs

Health care costs associated with PARDS should also
be considered as a pertinent clinical outcome. Critical
illness can add significant financial strain for patients
and their families. This includes daily financial burdens,
work absenteeism, and impaired productivity for parents
caring for a child with a PICU admission (67). The PICU
admission—related daily expenses could sometimes exceed
their estimated ideal daily budgets and it was more often
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occurred in lower-income groups than in higher-income
groups (67). Sadly, in some countries, parents had to forgo
the medical treatment for their children due to financial
difficulties (68).

In addition to medical expenses, there are significant
non-medical out-of-pocket expenses (NMOOPEs) as well.
A prospective single-center study, administering a daily
verbal response survey on NMOOPEs, stratified families by
annual income (<USD $50,999, $51-99,000, >$100,000);
and calculated daily expenditures (DEs), estimated daily
budgets (DBs), and percentage of NMOOPEs (% DE/DB).
The study included 38 families, with median length of
PICU stay of 3 days (range, 3—13 days). Financial impact
of DB in the 3 annual income groups were 0% to 136%
(median 36%), 5% to 18% (median 10%), and 4% to 39%
(median 16%), respectively (67), suggesting a considerable
non-medical cost regardless of income group.

Even though majority [72.3% (198/274)] of PARDS
survivors were discharged home, a small percentage of
them require admission to a care facility for various reasons
[24.5% (67/274)] to a rehabilitation facility; 3.3% (9/274)
to a long-term chronic care facility (4). Those who require
subsequent readmissions can still impose significant cost
to the total health-care expenditures. For example, in the
United States, median cost per patient can range from USD
$42,181 in the low-cost hospitals to USD$82,588 in the
high-cost hospitals (69). The inclusion of health-care costs
in the study gave us an idea how to manage the hospital
resources but the relevant data was not always easy to be
collected.

Till date, there remain a limited number of studies that
examined the cost-effectiveness of the various therapies
for PARDS. Future studies examining therapies of PARDS
should consider including a cost-effectiveness in their
overall analyses.

Caregiver and family stress

Family routine is often disrupted whenever a child is
admitted to the PICU. Emotional, physical and financial
stresses are common among parents and caregivers. The
reason for this could be due to changes in the appearance
and condition of a critically ill child, parental role alteration,
procedures, sights and sounds within the PICU (70). A
study involving 118 parents of 91 children (74 mothers
and 44 fathers) was conducted to assess the psychological
outcomes in parents of critically ill hospitalized children
using the Speilberger State-Trait Anxiety Inventory-
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state anxiety subscale (STAI), Center for Epidemiological
Studies-Depression (CES-D) and Decisional Conflict Scale
(DCS). This study showed that 24% of parents had severe
anxiety (STAI >60), 51% had possibility of major depression
(CES-D >21) and 26% displayed significant conflict (DCS
>37.5) (71). Another prospective study was done to examine
the long-term effects of the PICU experience on parents
and on family adaptation. Data were obtained from 63
parents from the 2 groups of patients [parents with children
in the PICU wvs. parents with children in a general care
unit (GCU)]. Mothers whose child was in the PICU had
significantly higher Parental Stressor Scale: PICU (PSS:
PICU) total scores compared to those in the GCU. Some
families were still in the dysfunctional range even 6 months
after discharge. Another study also reported a high levels
of distraction in working families and also interrupted
or suspended normal daily activities (70). Hence, this is

Table 1 Conventional clinical outcomes

Lee et al. Pertinent outcomes in PARDS

another important component to be considered in future
PARDS studies.

Conclusions

Although currently available studies that examine and
report long-term outcomes in survivors of PARDS are
limited, we expect this number to increase over the next few
years. Clinicians and researchers can adapt experience from
other pediatric chronic lung diseases or adult ARDS studies
to study these contemporary outcomes. The advantages
and disadvantages of each conventional and contemporary
measure outcomes are summarized in Tables 1 and 2. As a
medical community, we should start moving away from only
describing the traditional clinical outcomes such as duration
of MV, PICU stay and mortality. Future studies in PARDS
are required to study the impact of PARDS on subsequent

Conventional outcome measures Advantages Disadvantages

Mortality Convenient Need a greater number of patients to achieve statistical significance
given the low mortality in PARDS
The death may not be due to PARDS

Ventilation parameters Convenient Limited to survivors

Need for ECMO Convenient Not applicable in non-ECMO centers

PICU and hospital length of stay Convenient Potentially confounded by other factors

Table 2 Contemporary clinical outcomes

Contemporary outcome measures Advantages Disadvantages

A. Long-term pulmonary function

Respiratory symptom questionnaire Easy and quick to perform
(patient reported outcome and/or
parent reported outcome)

Peak expiratory flow rate (PEFR)

Feasible for children 4-6 years old

Questionnaires need to be validated

Does not give us an objective evaluation of pulmonary
status

Highly effort dependent and can be manipulated by
children

Can be perform in out-patient setting

Lung function test
development

Provide information on lung growth and

Require cooperation from child

Require special technical and safety considerations
(e.g., sedation) in infants and preschool-age children

Table 2 (continued)
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Table 2 (continued)

Contemporary outcome measures Advantages Disadvantages

B. Risk of pulmonary hypertension

Electrocardiogram (ECG) Noninvasive, easy to perform, Insufficiently sensitive to serve as a screen for PHT
inexpensive, widely available

Six-minute walk test (6MWT) Simple and inexpensive test Need cooperation from child
Reflective of activities of daily living

Test of choice when using a functional
walk test

Feasible for children 7 years old and

above
Cardiopulmonary exercise test Simultaneous objective evaluation of the More expensive, requires more expertise in
(CPET) cardiovascular, respiratory, and muscular interpretation

systems under conditions of controlled
metabolic stress

Echocardiography (ECHO) Noninvasive Need cooperation from child
Cardiac catheterization Gold standard Invasive testing

C. Nutrition status and growth
Triceps skinfold (reflects body fat) Easy and quick to perform

Mid-upper arm muscle Objective assessment
circumference (reflects lean body
mass)

Estimates of adiposity (weight for
height and BMI for age)

Head circumference
Height for age
Weight for age
Height velocity
D. PICU-acquired weakness

Medical Research Council (MRC) Easy and quick to perform May not be practical if encephalopathy and pain limit
scale voluntary muscle contraction

Unable to exclude central nervous system problem as
the cause of generalized weakness

Electrodiagnostic testing [nerve Can differentiate critical illness myopathy Lack of universal ICU availability
conduction studies (NCS) and (CIM) from critical illness polyneuropathy

R tility i tients who lack th ility t
electromyography (EMG)] (CIP) educed utility in patients who lack the ability to

voluntarily contract muscles, are encephalopathic, or
have severe weakness or peripheral edema

E. Neurological outcomes and neurocognitive development
Pediatric cerebral performance Easy and quick to perform Subjective assessment

t le (PCPC
category scale ( ) Applicable to a wide age range Future projections by assessors

Table 2 (continued)
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Table 2 (continued)

Contemporary outcome measures Advantages Disadvantages

F. Functional status
Functional status scale (FSS) Easy and quick to perform It is not designed to predict long-term outcomes
Applicable to a wide age range

Enable large pediatric outcome studies

Pediatric overall performance Easy and quick to perform Subjective assessment
t ies (POP!
categories (POPC) Applicable to a wide age range Future projections by assessors
Other adaptive behavior scale: Consider as gold standard for measuring Time consuming
Adaptive Behavior Assessment activities of adaptive skills in children

System (ABAS-Ill), Vineland Adaptive
Behavior Scales (Vineland™-I),
Bayley Scales of Infant and Toddler
Development (Bayley-Ill)

Allow long-term follow-up

G. Health-related quality of life (HRQOL)

Generic versus disease-specific Generic gives a comprehensive overview Generic unable to provide a detailed or reliable
measurement that are specific to certain condition
and not sensitive to the impact of changes in clinical
conditions or treatment

Disease-specific gives more details and  Disease-specific requires development, testing and
more sensitive to changes validation

Self-report versus proxy-report Self-report—more self-reflective Self-report—not applicable to young children as they
are unable to express themselves

Proxy-report—perceived HRQOL may not be truly
reflective of patients’ HRQOL and subject to bias

Age-specific questionnaires witha  More precise Required age-adjusted —a standardized assessment
narrow versus wide age range score that suit all will be a challenge (given the fact that
children at their varying stage of development)
H. Health-care costs Healthcare financial and resources Crude estimation
lannin
P 9 Unable to account for all the hidden costs (e.g.,

administrative and supportive costs)
Time-consuming

Difficult to obtain

I. Caregiver and family stress Ensure long-term well-being of the family Need trained personnel to perform the tests
quality of survivorship and these include functional status, the formulation of the search strategy.
respiratory status, growth, and quality of life of the patient
and the family.
4 Footnote
Conflicts of Interest: The authors have no conflicts of interest
Acknowledgments flicts of
to declare.
The authors thank Ms Peggy Fong Bih Yuh, head librarian
of KK Women’s and Children’s Hospital, for assisting with Ethical Statement: The authors are accountable for all

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2019;7(19):513 | http://dx.doi.org/10.21037/atm.2019.09.32



Annals of Translational Medicine, Vol 7, No 19 October 2019

aspects of the work in ensuring that questions related

to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.
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