
Copyright © 2016 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

Online Review Article

Pediatric Critical Care Medicine www.pccmjournal.org e247

Objective: Although more children are surviving critical illness, 
little is known about long-term physical impairment. This scoping 
review aims to critically appraise existing literature on functional 
outcome measurement tools, prevalence, and risk factors for 
physical impairments in pediatric critical care survivors.
Data Sources: PubMed, Embase, and Cumulative Index to Nursing 
and Allied Health Literature, using a combination of MeSH terms 
and keywords (critical illness, intensive care, and functional out-
comes/status).
Study Selection: All human studies reporting functional outcomes 
in children 0–18 years old admitted to the PICU. Non-English lan-
guage, adult and preterm infant studies were excluded.

Data Synthesis: Three global assessment tools and eight multidi-
mensional measures were used to measure functional outcome in 
pediatric survivors of critical illness. Rates of acquired functional 
impairment in a general pediatric intensive care cohort ranged 
from 10% to 36% at discharge and 10% to 13% after more than 
2 years. Risk factors for acquired functional impairment include 
illness severity, the presence of organ dysfunction, length of ICU 
stay, and younger age. There is some evidence that physical 
impairment may be more severe and persistent than psychosocial 
components.
Conclusions: Functional impairment may be persistent in pediat-
ric survivors of critical care. Unfortunately, studies varied largely 
in measurement timing and tools used. The lack of differentia-
tion between impairment in different functional domains limited 
the generalizability of data. Further studies using a combination 
of standardized measures at various time points of the disease 
process can help establish more comprehensive rates of physical 
impairment. (Pediatr Crit Care Med 2016; 17:e247–e259)
Key Words: critical illness; functional status; intensive care; 
morbidity; outcomes assessment; pediatrics

Pediatric critical care mortality has decreased secondary 
to evidence-based use of invasive ventilation, complex 
procedures, and medications (1), with current crude 

mortality rates of 3–5% (2, 3). However, survivors can experi-
ence disabilities and poorer health status (2), with significant 
associated healthcare costs. Children with chronic conditions 
are more likely to be readmitted to PICUs (2) and have longer 
stays compared with previously healthy children (4, 5). Grow-
ing demand for PICU care is evident—the United States saw a 
24% increase in PICU beds between 1995 and 2001, dispropor-
tionately faster than pediatric population growth rates (3, 6).

With improved life expectancy, mortality may not be the 
most meaningful outcome measure (7). Of greater relevance 
is the level of disability following critical illness and the cor-
responding social and economic burden (8). Awareness of psy-
chologic, social, and physical impairments can guide care in 
returning children to their preadmission state—a worthy goal 
from both an individual and a public health perspective (7, 8).

Copyright © 2016 by the Society of Critical Care Medicine and the World 
Federation of Pediatric Intensive and Critical Care Societies

DOI: 10.1097/PCC.0000000000000706

*See also p. 473.
1Department of Biochemistry, Yong Loo Lin School of Medicine, National 
University of Singapore, Singapore, Singapore.

2Department of Nutrition and Dietetics, KK Women’s and Children’s  
Hospital, Singapore, Singapore.

3Children’s Intensive Care Unit, KK Women’s and Children’s Hospital,  
Singapore, Singapore.

4Office of Clinical Sciences, Duke-NUS School of Medicine, Singapore, 
Singapore.

5Clinical Nutrition Research Centre, A*STAR-NUHS, Centre for Transla-
tional Medicine, Singapore, Singapore.

6Department of Endocrinology, Tan Tock Seng Hospital, Singapore, Singapore.
7Centre for Human Health and Performance, University College London, 
London, United Kingdom.

8Institute of Sport, Exercise and Health, University College Hospitals  
London, London, United Kingdom.

9Division of Critical Care, University College Hospitals London, London, 
United Kingdom.

10 Division of Respiratory and Critical Care, National University Hospital, 
Singapore, Singapore.

Supplemental digital content is available for this article. Direct URL citations 
appear in the printed text and are provided in the HTML and PDF versions of 
this article on the journal’s website (http://journals.lww.com/pccmjournal).
Ms. Ong is currently receiving a grant (KKHHEF/2014/05) from “KK 
Women’s and Children’s Hospital Health Endowment Fund” and is sup-
ported by a graduate research scholarship from the National University 
of Singapore. She received funding from the National University of Sin-
gapore Graduate Research Grant. Dr. Lee received funding from the KK 
Women's and Children's Hospital. The remaining authors have disclosed 
that they do not have any potential conflicts of interest.
For information regarding this article, E-mail: ong.chengsi@kkh.com.sg

Functional Outcomes and Physical Impairments in 
Pediatric Critical Care Survivors: A Scoping Review*

Chengsi Ong, MS1,2; Jan Hau Lee, MBBS, MRCPCH, MCI3,4;  

Melvin K. S. Leow, FACE, FACP, FRCP(Edin)4,5,6; Zudin A. Puthucheary, MRCP, PhD7,8,9,10

http://journals.lww.com/pccmjournal
mailto:ong.chengsi@kkh.com.sg


Copyright © 2016 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

Ong et al

e248 www.pccmjournal.org	 May	2016	•	Volume	17	•	Number	5

Table 1. Functional Outcome Measures Used in Critically Ill Children

Measurement Tool Purpose Characteristics Validation advantages limitations

Global measures

 POPC, pediatric cerebral 
performance (59)

Measure short-term overall and 
cognitive disability after critical 
illness or injury in children; 
POPC may be more reflective of 
physical impairments

Six-point measure (good, mild disability, moderate disability, 
severe disability, coma or vegetative state, and brain 
death); assessed by healthcare provider. Time to 
administer: < 5 min

Good interrater reliability, POPC 
correlates well with motor 
development and adaptive  
function in PICU population but  
less precise (5, 59)

Fast to administer, validated, and widely 
used in PICU outcome studies

Subjective, requires knowledge on child 
development, does not differentiate between 
aspects of function, ceiling effect possible 
for those with significant disability, unable 
to definitively identify rates of physical 
impairment

 Modified Glasgow Outcome 
Scale (46)

Assess functional outcome in 
PICU survivors

Six-point measure (normal, functionally normal, mild 
handicap, moderate handicap, severe handicap, and died); 
assessed using standard questionnaire by healthcare 
provider

Time to administer: < 5 min

Not stated Fast to administer Subjective, requires knowledge on child 
development, does not differentiate between 
aspects of function, validation unclear

 Royal Alexandra Hospital 
for Children Measure of 
Function (93)

Measure HRQOL in hospitalized 
children

One- to 100-point rating scale about function; assessed by 
healthcare provider. Adapted from a measure of overall 
function

Time to administer: < 5 min

Moderate interrater reliability, moderate 
parent/clinician agreement in a 
pediatric hospital setting (49)

Fast to administer Poor validity for nonschooling age, subjective, 
does not differentiate between different 
aspects of function/health status

Multidimensional measures—health-related quality of life

 HUI (HUI1, HUI2, and 
HUI3) (67, 68)

HUI1: evaluate HRQOL in VLBW 
infants

HUI2a: originally to measure 
HRQOL in childhood cancer 
survivors, now used for both 
clinical and general populations

HUI3a: measure HRQOL in both 
clinical and general populations

HUI1: four- to eight-point scale in each of four domains 
(physical, role, social emotional, and health problems)

HUI2: three- to five-point scale in each of six domains 
(sensation, cognition, emotion, pain, mobility, and self-care)

HUI3: five- to six-point scale in each of eight domains 
(vision, hearing, speech, ambulation, dexterity, emotion, 
cognition, and pain)

Self/proxy reports available

Time to administer: 5–10 min

HUI1: good reproducibility but high-
respondent confusion

HUI2 and 3: validated in multiple 
patient cohorts including ex-VLBWs, 
childhood cancer survivors, and 
neurologic disorders (94, 95)

HUI2 and 3 widely used, suitable 
for various populations and ages, 
available in many languages. When 
used together, HUI2 and 3 provide 
a comprehensive view of various 
aspects of function and disability

HUI1: no longer in use

HUI2 and 3: not valid in young children  
< 5 yr old, more suitable for community 
surveys as more sensitive to changes in the 
higher functioning range

 Pediatric Quality of Life 
Inventory 4.0 (66)

Measure HRQOL in healthy and ill 
children (2–18 yr)

23 items in five domains (physical, psychosocial, emotional, 
social, and school)

Self/proxy reports available

Time to administer: 5 min

Good correlation between parent and 
patient scores, scores significantly 
different between chronic and 
healthy children (96)

Has disease-specific questionnaires to 
complement generic questionnaires, 
available in many languages, wide 
pediatric age range

May not be as sensitive to small changes in 
areas of function

 Child Health  
Questionnaire (65)

Measure HRQOL in healthy and ill 
children (5–18 yr)

28–87 questions targeting 14 different concepts: physical 
and psychosocial domains, including family functioning

Self/proxy reports available

Time to administer: 5–25 min

Good internal consistency, variable 
test-retest reliability, good construct 
validity, moderate discriminant 
validity in children with chronic 
disease (97, 98)

Widely used, available in many 
languages, normative values available

Not validated for use in children < 5 yr

 Stein-Jessop Function 
Status II (Revised) (62)

To assess behavioral function in 
children with chronic illness 
(0–16 yr)

43 questions, proxy report. Scores summarized into global 
health and stage-specific domains (responsiveness, 
activity, and interpersonal functioning)

Time to administer: 15–30 min

Moderate correlation with illness 
susceptibility and hospital length 
of stay, and moderate discriminant 
validity for chronic disease (62)

Wide age range Not as well validated, unable to differentiate 
specifically between domains of function

Multidimensional measures—adaptive behavior

 Vineland Adaptive Behavior 
Scales, version 2 (74)

Measure adaptive behavior in 
children with disabilities  
(0–18 yr)

Four domains (communication, daily living, socialization, and 
motor)

Time to administer: 45 min

Good interrater, test-retest reliability, 
and good validity against other 
functional measures (99, 100)

Addresses developmental skills in 
children, large age range, age norms 
available

Relatively long administration time, requires 
trained administrators

 Functional Status  
Scale (60)

To assess functional outcome in 
hospitalized children based on 
adaptive behavior (0–18 yr)

Five-point scale in each of six domains (mental, sensory, 
communication, motor, feeding, and respiratory status); 
assessed by healthcare provider

Time to administer: < 5 min

Moderate to good interrater reliability 
in high-risk PICU population, 
correlates with adaptive behavior 
(60) and POPC (75)

Relatively fast to administer, more 
objective and precise than POPC

Not applicable to non-PICU patients or 
relatively well PICU patients

PCPC	=	pediatric	cerebral	performance	category,	HUI	=	Health	Utility	Index,	HRQOL	=	health-related	quality	of	life,	VLBW	=	very	low	birth	weight.
aHUI 2 and 3 are meant to be complementary.
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Early assessment of health status and long-term outcomes 
other than mortality in children focused on premature infants 
and children with chronic diseases (9–11). Impairments in 
physical, psychologic, and social behavior demonstrated the 
importance of function and health in evaluating medical treat-
ment (9–11). Over the past decade, the burden of disability after 
critical illness has also gained attention as long-term functional 
impairments have become apparent in adults. Physical limita-
tions seem to outlast the neuropsychologic deficits (12–15) and 
impact activities of daily living and return-to-work rates (16–
18). Survivors attributed their physical limitations to muscle 
wasting (12), which is now widely studied, and it seems to be a 
cause of significant medical, financial, and social burden to ICU 
survivors and their families (19–22).

Risk factors associated with ICU muscle wasting and weak-
ness in adults—sepsis (21, 23), organ dysfunction (21), pro-
longed mechanical ventilation (21), acute lung injury (20), 
hyperglycemia (24), and high corticosteroid dose (21)—also 
affect children (25–29), raising the possibility of muscle wast-
ing and corresponding physical impairment following criti-
cal illness in children. Transient physical impairments, such 
as motor delays or lowered ability to perform daily activities, 
may not be alarming if children can eventually catch up to 
their peers. A prolonged impairment, however, would place 
considerable burden on the patient and family (30).

Quantifying physical and mental deficits in adult criti-
cal illness survivors has posed methodological difficulties for 
investigators in the past (31, 32). Recent studies have offered a 
variety of assessments of cognitive dysfunction complement-
ing health-related quality of life (HRQOL) questionnaires 
(13, 15). However, the best assessment of physical disability in 
the same population remains unclear (33). This scoping review 
sets out to assess the potential tools available for quantification 
of PICU survivor functional and physical disability.

MeTHODS
The process of a scoping review recommended by Armstrong 
et al (34) was used. A search was performed to identify all stud-
ies on functional outcomes and tools used in children admitted 
to the PICU. PubMed, EMBASE, and CINAHL databases were 
reviewed from the earliest available date until January 2015 using 
a combination of MeSH terms and key words: “functional out-
comes,” “functional status,” “critical illness,” and “intensive care.” 
Results were filtered for human studies and English language. 
Studies pertaining to premature infants and primarily adult 
populations (> 18 yr) were excluded. Full articles were retrieved, 
and articles not meeting our definition of functional status (e.g., 
endocrine and cardiac function) were excluded. Reference lists 
were searched for any other articles, and all articles that described 
the functional status of critically ill children (but not necessar-
ily as the primary aim of the study) were included. Two authors 
(C.O. and J.H.L.) reviewed all short-listed titles and abstracts for 
inclusion in this review. Data extraction and synthesis using the 
final list of studies were then performed. Because of heterogene-
ity of the studies, no statistical synthesis was conducted, and a 
narrative approach was used instead to interpret the literature.

Included studies were reviewed for the following character-
istics: functional outcome tool used, PICU population type, 
rates and type of functional impairment, time of assessment, 
and risk factors for functional impairment. Signs of possible 
physical impairment were highlighted wherever possible. 
Although other functional impairments do exist, in particular 
neuropsychologic ones, we did not describe them in detail as it 
was not the intention of this review.

ReSUlTS
A total of 297 titles were screened; of which, 39 full articles and 
reference lists were reviewed (Supplemental Fig. 1, Supple-
mentary Digital Content 1, http://links.lww.com/PCC/A238; 
legend: selection of studies.). Twenty-five articles were finally 
included in our review. In the following sections, we describe 
the tools used and report the prevalence and risk factors for 
functional impairment in the PICU.

Types of Measures
Three global measures and eight multidimensional measures 
have been used to assess functional outcomes in the PICU pop-
ulation (Table 1) (5, 35–58), and their aims and limitations are 
discussed below.

Clinician-Derived Global Measures. The most com-
monly used tool was the pediatric overall performance cat-
egory (POPC), a six-point score adapted from the adult 
traumatic brain injury Glasgow Outcome Scale (59). POPC 
can be used together with the pediatric cerebral perfor-
mance category (PCPC) sale to identify both neurologic defi-
cits and impairment in overall function (5, 37, 40, 42, 43).  
When used together, the difference in the POPC and POPC 
scores can reflect the presence of physical impairment although 
not conclusively. Another similar global assessment tool is the 
six-point modified Glasgow Outcome Score (MGOS). However, 
MGOS has not been as widely used as the POPC, and its valid-
ity in the PICU population requires further study. The Royal 
Alexandra Hospital for Children Measure of Function (RAHC 
MOF) requires clinicians to score a child on a 0–100 scale with 
the aid of descriptions on various functional skills (49, 50).

Overall, these abbreviated scales are easy to administer, 
allowing collection of large population data to study trends. 
However, they are subjective, leading to larger interobserver 
variation, and assessment requires the ability to identify age-
appropriate developmental milestones (59, 60). Despite con-
sideration of various aspects of function, these measures 
provide a single summary score, which fails to reveal the most 
affected functional domains.

Multidimensional Measures. HRQOL. HRQOL tools were 
used to measure various aspects of physical and psychosocial 
functional outcomes and behavior in pediatric critical care 
survivors (38, 51–57). Although HRQOL and functional abil-
ity are not identical, they have overlapping constructs and are 
thus often used interchangeably (61). The assumption is that the 
burden of illness can manifest in behavioral changes, thus affect-
ing functional status (62). HRQOL then captures how a child’s 
health and functional status affects quality of life (61, 63).

http://links.lww.com/PCC/A238
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Multidimensional HRQOL tools used in the PICU popu-
lation include the Health Utilities Indexes (HUI) 1, 2 and 3, 
the Pediatric Quality of Life Inventory version 4.0 (PedsQL), 
the Stein-Jessup Functional Status II (Revised), and the Child 
Health Questionnaire (CHQ) (38, 51–57). Multidimensional 
HRQOL tools are more detailed than the RAHC MOF, dif-
ferentiating between components of physical, mental, social, 
and emotional health (63, 64). Cumulative scores can com-
pare a child’s function longitudinally or among established 
age-matched norms. In HRQOL measures, physical function 
components include motor function, ambulation or physical 
activity, pain, and self-care or role function (65–69) (Table 2).

Adaptive behavior. Appropriate growth and development is 
crucial in children, often assessed through tests of age-appro-
priate skills and behavior (70, 71). In children with disabilities, 
adaptive function (i.e., how appropriately a child behaves in 
daily life) may be more relevant than isolated developmental 
impairments (72, 73). The Vineland Adaptive Behavior Scale 
2 (VABS-2) (43) is administered and scored by a psychologist 
or graduate-level trained professional (74). Similar to HRQOL 
questionnaires, VABS-2 differentiates between various com-
ponents of physical (motor and self-care) and psychosocial 
(social and communication) functional domains (74). Unfor-
tunately, the need for specific trained personnel and lengthy 
administration time inhibits scalability.

To overcome this, the National Institute of Child Health 
and Human Development Collaborative Pediatric Critical 
Care Research Network (CPCCRN) designed the Functional 
Status Score (FSS) (58, 60). FSS tasks abilities on a five-point 
scale across six domains of function, correlating well with a 

validated adaptive behavior assessment tool (60), as well as 
POPC but with more precision (75).

The various measures covered 11 different but related 
components of function, not specific to the type of measure 
(HRQOL or adaptive behavior). No single tool encompassed 
all components, and no two tools measured the exact same 
constructs, each varied in their purpose and focus on the type 
of function. Thus, these measures are not interchangeable but 
can be used to complement one another to cover a variety 
of physical and psychosocial components, depending on the 
information researchers intend to capture.

Functional Outcomes in PICU Survivors
Prevalence. Functional impairment has been extensively 
described in children post critical illness (Table 3) (5, 35–58). 
Of particular importance is the rate of acquired functional 
impairment from critical illness as opposed to preexisting 
disease (76, 77). Acquired functional impairment in a gen-
eral PICU population ranged from 10% to 36% at discharge, 
to 26% at 6 months, and 10% to 13% when followed up at 
more than 2 years (5, 37, 39, 41, 44, 46, 47, 50). A longi-
tudinal study demonstrated that some impairment resolves 
with time as acquired impairment dropped from 26% at 6 
months to 19% at 2 years after PICU admission (50).

Functional impairment rates differed across measures. 
Within the same patient population, absolute impairment was 
lower using multidimensional measures compared with global 
measures (43, 47). The reduced precision of global measures 
versus multidimensional measures (75) may result in over-
estimation of impairment. Another possible explanation is 

Table 2. Domains Covered by Multidimensional Measures

Domain

Physical Psychosocial

Role/ 
Self  
Care

Physical 
activity/ 

ambulation Sensory Pain Motor Respiratory emotional Social School Cognitive Communication

Child Health 
Questionnaire

✓ ✓ ✓ ✓ ✓ ✓ ✓

Functional Status 
Scale

✓ ✓ ✓ ✓ ✓ ✓ ✓

Functional  
Status II 
(Revised)

✓ ✓ ✓ ✓ ✓ ✓

Health Utilities 
Index 1

✓ ✓ ✓ ✓ ✓ ✓ ✓

Health Utilities 
Index 2

✓ ✓ ✓ ✓ ✓ ✓

Health Utilities 
Index 3

✓ ✓ ✓ ✓ ✓

Pediatric Quality of 
Life Inventory

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Vineland Adaptive 
Behavior  
Scales 2

✓ ✓ ✓ ✓
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Table 3. Functional Outcomes in Pediatric Survivors of Critical Illness

Study  
Reference

Population  
Characteristics

Measures  
Used Follow-Up

absolute  
Functional  
Disability  

Rates

acquired  
Functional  
Disability  

Rates

Risk Factors  
for acquired  
Functional  
Impairment

Pollack  
et al (35)

n = 24
Long stay, > 13 d; 

age: median,  
13 mo

4 categories: 
functionally 
independent, 
functionally 
dependent, 
severely 
mentally 
disabled, or 
death

1 yr post ICU 
discharge

46% 25% overall None identified

Fiser  
et al (5)

n = 10,598
Multicenter general 

PICU; age: mean, 
53.8–86.9 mo 
across centers

POPC, PCPC ICU discharge 68% 24% overall  
(14%  
cognitive;  
≥ 10% 
physical)

Longer ICU stay
Higher PRISM 

scores

van der Heide  
et al (36)

Long stay (57 ± 52 
d), n = 19 vs 
control (12 ± 11 
d), n = 15; age: 
mean, 10.7 ± 5.4 
yr vs 7.3 ± 4.7 yr

POPC Mean, 4.7 ± 1.7 
yr from 
admission

58% in long 
stay, 47% 
control

Long stay:  
1 (8%);  
control: 0

No significant 
difference in 
overall outcome 
between groups

de Mos  
et al (37)

n = 23 (not all 
assessed)

In PICU cardiac 
arrest; age: 
median, 13 mo 
(range, 1 d to 
17.7 yr)

POPC, PCPC ICU discharge; 
1 yr post 
discharge

Discharge: 
100%

Follow-up: 67%

Discharge:  
36% overall 
(29% cognitive;  
≥ 7% physical)

Increasing cardiac 
arrest duration

Keenan  
et al (38)

Inflicted vs 
noninflicted 
traumatic brain 
injury; age: 
median, 1.5 yr 
(IQR, 1.3–2 yr)

POPC, FSII(R) 1 yr post 
discharge

POPC: 54% 
overall

POPC and 
FSII(R) 
lower in 
inflicted than 
noninflicted 
traumatic 
brain injury

Not stated Baseline function 
not assessed

Alievi et al (39) n = 443
General; age: 

median, 12 mo 
(4–45 mo)

POPC, PCPC ICU discharge 85% 36% overall  
(25% cognitive; 
≥ 11% physical)

Higher PIM score
Longer ICU stay

Knoester  
et al (40)

n = 186
Previously healthy 

children; age: 
median, 1.4 yr 
(range,  
0.1–17.3)

POPC, PCPC ICU discharge, 
3 mo 
post ICU 
discharge

Discharge: 99%
Follow-up: 69%

Discharge:  
91% overall 
(73% cognitive; 
≥ 18% physical)

Follow-up: 50% 
overall (21% 
cognitive; ≥ 
29% physical)

Not stated

Mestrovic  
et al (41)

n = 493
General; age: 

median, 36.5 mo

POPC ICU discharge 58% 25% overall Higher PIM scores
Previously well or 

nonneurologic 
chronic disease

(Continued)



Copyright © 2016 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

Online Review Article

Pediatric Critical Care Medicine www.pccmjournal.org e253

Typpo  
et al (42)

n = 21,465
Multicenter; age: 

range, 1 mo to 
18 yr

POPC, PCPC ICU discharge 21% Not stated Chronic diseases 
(noncongenital 
heart disease, 
neurologic, 
immune, and 
oncologic disease)

Day 1 number and 
type of multiple 
organ dysfunction 
(hematologic, 
neurologic, and 
hepatic)

Ebrahim  
et al (43)

n = 65
Urgent admissions; 

age: median, 
52 mo (range, 
1–211)

POPC, PCPC, 
VABS- 
2, PedsQL 
4.0

1 mo post ICU 
admission

POPC: 37%
VABS-2: 28%
PedsQL: poor 

mean HRQOL 
score

Not stated Not stated

Farris  
et al (44)

n = 384
Multicenter, 

international 
survivors of 
severe sepsis; 
age: range,  
0–17 yr

POPC 28 d after ICU 
admission

52% 34% overall Intra-abdominal or 
CNS infection, 
trauma, 
cardiopulmonary 
resuscitation, 
and history of 
malignancy or 
immune- 
compromised

Ethnicity (Hispanic)
Higher PRISM score

Bone  
et al (45)

n = 29,352
Multicenter; age: 

range, 1 mo to 
18 yr

POPC, PCPC Baseline, ICU 
discharge

59% 10% overall  
(3% cognitive; 
≥ 7% physical)

Unscheduled 
admission

Higher PIM2 score
Longer ICU stay 

(especially  
> 2.5 d)

Invasive mechanical 
ventilation, 
cardiopulmonary 
resuscitation, 
renal replacement 
therapy, and 
extracorporeal 
membrane 
oxygenation

Butt  
et al (46)

n = 775
General; age: 28% 

< 1 mo, 37%  
1 mo to 2 yr, and 
35% > 2 yr

MGOS 30–36 mo 
post ICU 
discharge

25% 10% overall  
(in children  
> 1 mo)

Not stated

Taylor  
et al (47)

n = 626
General; age: 

median, 19.3 m 
(range,  
0–29.3 yr)

MGOS, HUI1 Median, 3.5 yr 
(range,  
2.3–6 yr) 
post ICU 
discharge

MGOS: 30%
HUI1: 16%

13% overall Not stated

(Continued)

Table 3. (Continued). Functional Outcomes in Pediatric Survivors of Critical Illness

Study  
Reference

Population  
Characteristics

Measures  
Used Follow-Up

absolute  
Functional  
Disability  

Rates

acquired  
Functional  
Disability  

Rates

Risk Factors  
for acquired  
Functional  
Impairment



Copyright © 2016 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

Ong et al

e254 www.pccmjournal.org	 May	2016	•	Volume	17	•	Number	5

Namachivayam 
et al (48)

Long stayers  
≥ 28 d; age: 
median, 4.2 mo 
(IQR,  
0.38–41.5 mo)

MGOS Median, 4 yr 
(IQR, 1.4–7.6 
yr) post ICU 
discharge

68% overall  
(of n = 96)

33% overall  
(of n = 72)

Not stated

Morrison  
et al (49)

n = 405
General; age: 

median, 2.3 yr

RAHC MOF 3–24 mo 
post ICU 
discharge

37% Not available Preadmission 
HRQOL not 
studied

Polic  
et al (50)

n = 200
General; age: 

median, 15.5 yr 
(range, 10–18 yr)

RAHC MOF Preadmission,  
6 mo, 24 mo  
post ICU 
admission

6 mo: 37%
24 mo: 31%

6 mo: 26%  
overall

24 mo: 19% 
overall

Higher PIM 2 score
Preexisting 

neurodevelopment 
disability

Ambuehl  
et al (51)

n = 484
General; age: 

median, 11.3 mo 
(IQR, 0.5–5.5 yr)

HUI1 12 mo, 24 mo 
post ICU 
discharge

12 mo: 20%
24 mo: 23%

Not available Preadmission 
HRQOL not 
assessed

Gemke  
et al (52)

n = 226
General; age: mean, 

55 mo

HUI2 1 yr post ICU 
discharge

69% overall 
(physical: 
sensation 
22%; mobility 
50%; self-
care 40%; 
pain 20%; 
psychosocial: 
emotion 40%; 
cognition 
40%)

27% overall 
(physical: 
sensation 12%; 
mobility 11%; 
self-care 12%; 
pain 11%; 
psychosocial: 
emotion 22%; 
cognition 13%)

Not stated

Jones  
et al (53)

n = 1,455
Multicenter PICU; 

age: median, 4.7 
yr (IQR, 1.7–10.1 
yr)

HUI2 6 mo post ICU 
admission

73% overall 
(Physical: 
sensation 
43%; pain 
35%; mobility 
31%; self-
care 33%; 
psychosocial: 
cognition 
30%; emotion 
33%)

Not available Preadmission 
HRQOL not 
studied

Cunha  
et al (54)

n = 210
Multicenter general 

PICUs; age: 
range, ≥ 6 yr

HUI3 Preadmission,  
6 mo 
post ICU 
admission

Not stated 41% overall Trauma

Normal baseline 
pain and emotion 
scores

Conlon  
et al (55)

n = 70
Long stayers ≥ 28 

d; age: median, 
39 d (IQR, 
2–234 d)

PedsQL 4.0 2–11 yr 
post ICU 
discharge

43% (physical: 
31%; 
psychosocial: 
emotional 
37%; social 
37%; school 
45%)

Not available Preadmission 
HRQOL not 
assessed

(Continued)
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that this is a reflection of differences in subdomain coverage 
between tools (47).

Physical Impairment. A comparison between POPC and 
PCPC scores indicates that at least 19–70% of acquired impair-
ment was physical (5, 37, 39, 40, 45). These included pulmonary 
issues and scarring (because of operations and meningococcal 
disease) (40), but it was unclear from this study whether other 
aspects of physical function (e.g., self-care or mobility) were 
affected.

Distinction between physical and psychosocial impair-
ments was shown by multidimensional tools. One study using 
the HUI2 found acquired emotional impairments to be most 
common (22%), followed by cognitive impairments (13%) 
(52). Rates of physical impairment were lower, with 11–12% of 
the population having impairments in mobility, self-care, pain, 
and sensation. However, emotional impairments were mostly 

mild with the most severe impairment being in the domain of 
self-care (52). In a larger multicenter study, rates of acquired 
physical impairment at hospital discharge were more prevalent 
than psychosocial ones (feeding 8% and motor 7% vs com-
munication 3% and mental 3%) (58). Similar to the previous 
study, the most severe impairments were also seen in the physi-
cal domains, specifically respiratory and motor functions.

Factors associated With acquired Functional 
Disability
Several risk factors for acquired functional impairment have 
been proposed, but there are conflicting data. Preexisting neu-
rodevelopmental disease was a risk factor in one study (50), 
but this was contradicted in another study (41). In the first 
study, patients were at relatively good baseline function and 
neurologic deficits were likely mild (50), whereas in the second 

Colville  
et al (56)

n = 72
Multicenter; age: 

median, 11 yr 
(range, 7–17 yr)

PedsQL 4.0 3 mo, 12 mo 
post ICU 
discharge

Physical and 
school 
functioning 
significantly 
below norms 
at 3 mo. 
School 
function 
normalized 
and physical 
function 
improved but 
remained 
impaired at 
12 mo

Not available Preadmission 
HRQOL not 
assessed

Buysse  
et al (57)

n = 47
Meningococcal 

septic shock; 
age: median, 
3.7 yr (range, 
0.1–16.1 yr)

Child Health 
Questionnaire

Median, 14 
mo (range, 
10–28 mo) 
post ICU 
discharge

Significantly 
lower physical 
abilities 
and health 
compared 
with norm 
values

Not available Preadmission 
HRQOL not 
assessed

Pollack  
et al (58)

n = 4,798
Multicenter, general 

PICU; age: 
median, 3.7 yr 
(IQR,  
0.8–10.9 yr)

Functional 
Status Scale

Hospital 
discharge

33% 18% overall 
(physical: 
feeding 8%; 
motor 7%; 
respiratory 4%; 
sensory 2%; 
Psychosocial: 
communication 
3%; mental 
3%)

Younger age  
(< 1 yr)

Type of operation 
(top 3: general, 
cardiac, and 
neurosurgery)

System of primary 
dysfunction (top 3:  
neurologic, 
acquired 
cardiovascular, 
and cancer)

IQR = interquartile range, POPC = pediatric overall performance category, PCPC = pediatric cerebral performance category, FSII(R) = Stein-Jessup Functional 
Status	II	(Revised),	VABS	=	Vineland	Adaptive	Behavior	Scale,	PedsQL	=	Pediatric	Quality	of	Life	Inventory,	MGOS	=	modified	Glasgow	Outcome	Scale,	 
HUI = Health Utility Index, RAHC MOF = Royal Alexandra Hospital for Children Measure of Function, HRQOL = health-related quality of life, PRISM = Pediatric 
Risk of Mortality, PIM = Pediatric Index of Mortality.
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study, majority of the children had severely poor function 
prior to admission (41). This suggests that critical illness can 
be debilitating for children who were in good premorbid func-
tional health and is a direct effect of the critical illness instead 
of exacerbation of an underlying disease state. Indeed, in a 
group of previously healthy critically ill children, the major-
ity (91%) suffered functional deterioration at discharge as 
measured by the POPC (40). Children with preexisting func-
tional impairment are not necessarily spared, but perhaps the 
tool used (POPC) was unable to capture changes in function 
because of a ceiling effect (41).

Nonneurologic chronic diseases were proposed as risk fac-
tors for functional impairment in a large multicenter study  
(n = 21,465) (42). Yet, the difference was not clinically sig-
nificant, and authors attributed functional impairment to an 
increased risk of multiple organ dysfunction instead, in keep-
ing with three other studies (44, 45, 58). All types of organ 
dysfunction (cardiovascular, hematologic, hepatic, neurologic, 
renal, and respiratory) were associated with acquired func-
tional impairment (42, 44, 45).

Age may also be important—one study showed significantly 
higher impairment rates measured by FSS in those below  
1 year old than those above 1 year old (7% vs 4%) (58). Greater 
illness severity as measured by the Pediatric Index of Mortality 
and Pediatric Risk of Mortality scores and longer PICU stay 
were also associated with acquired functional impairment 
(5, 39, 41, 44, 45, 50).

Only one study explored factors affecting recovery from 
acquired functional impairment (50) and found that children 
with chronic diseases were more likely to have persistent func-
tional impairments 24 months after PICU admission.

DISCUSSION
We examined 11 unique but overlapping tools for the assess-
ment of functional outcomes in pediatric critical care. Using 
these tools, 10–36% of children can experience functional 
impairment as a result of critical illness, which persists in  
10–13% of survivors after more than 2 years (46, 47), indicating 
prolonged disability. Risk factors include younger age, greater 
illness severity, and organ dysfunction, two of which echo those 
found in adult ICU survivors with functional impairment  
(12, 18, 21). However, several gaps in PICU survivorship 
research currently limit the generalizability of our findings.

First, different interpretations exist in the definition of 
functional outcomes, a difficulty that has been reported in 
pediatric chronic illness research (61, 63, 78). Technically, 
functional status reflects one’s actual ability to perform tasks, 
whereas HRQOL indicates one’s perception of their functional 
ability (61, 63, 78). However, the HRQOL tools used have also 
included questions about a child’s behavior and ability to per-
form certain everyday tasks, making it difficult to differenti-
ate between the two (78). A necessary step in PICU survivor 
assessment is defining functional impairment unique to the 
pediatric critical illness population. Attention to development 
should be emphasized as hospitalization has been shown to 
affect behavior in children, particularly in those 2–5 years olds 

(79, 80). Recent expanded definitions of “function” in children 
look beyond that of biologic, psychologic, and social aspects 
to include contextual factors, such as caregiver assistance and 
environmental support because of their influence on child 
functioning (81, 82). Tools accounting for caregiver and envi-
ronmental factors, and at different stages of growth and devel-
opment (perhaps via adaptive behavior), would, thus, provide 
a more comprehensive view of outcome throughout critical 
illness and recovery.

Follow-up functional assessment varied from ICU discharge 
to 11 years after, adding to the difficulty of identifying true rates 
of acquired functional impairment (41, 55). Supplemental 
Figure 2 (Supplementary Digital Content 2, http://links.lww.
com/PCC/A239; legend: hypothesized trajectory of functional 
impairment in children with critical illness) demonstrates a 
possible trajectory of function in children during and after 
critical illness. Moving forward, serial measurements of func-
tional status at baseline (of preadmission function), discharge, 
and after discharge (possibly up to 2 yr) would help identify 
impairment as a result of critical illness and to determine 
impairment trajectory (77). This would also enable early iden-
tification of functional impairment and timely intervention in 
prevention of developmental delay. Tools also need to capture 
heterogeneity of function among healthy and children with 
chronic disease and be mindful of potential floor and ceiling 
effects (31). Children with chronic diseases may require special 
attention as they seem to be at greater risk of prolonged func-
tional impairment (50). Awareness of the difference between 
proxy and self-reported function and HRQOL at various ages 
is also important; new challenges related to higher executive 
function in adolescence can impact HRQOL (83). Achieving 
consensus on the best tool(s) to use may best be achieved by 
pooling of data (84). The FSS, designed as a standardized out-
come measurement tool for the CPCCRN, may be useful in 
large studies and deserves further study (60). A recent review of 
HRQOL measures in critically ill children identified the most 
appropriate questionnaires (PedsQL 4.0, KIDSCREEN-27, 
CHQ parent form-28, and KINDL) based on factors, such as 
sensitivity to change, response burden, and interpretability of 
scores (84), a point of consideration for future PICU research.

The lack of distinction between types of functional disabil-
ity remains a major limitation, partially because of the more 
common use of global functional measures. Global measures 
are useful for screening of functional impairment and large 
population outcome studies. However, multidimensional 
tools would enable a deeper analysis of the problem, guiding 
intervention and monitoring therapy efficacy. From the lim-
ited evidence available, physical impairments seemed more 
significant and persistent than psychosocial ones (52, 58), and 
risk factors are similar in children and adults (12, 18). Long-
term physical impairments have been observed in survivors of 
burns and acute lymphoblastic leukemia where muscle wasting 
is common (85, 86). Physical limitations, including diminished 
strength, running speed, and agility, could affect a child’s self-
esteem and social function (87). This interaction demonstrates 
the extended effect of physical impairments on psychosocial 

http://links.lww.com/PCC/A239
http://links.lww.com/PCC/A239
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health. Studies are needed to determine the true prevalence of 
physical impairments in PICU survivors and effects on long-
term developmental abilities and social functioning.

Our review was limited in that we explored physical out-
comes. Psychosocial impairments are by no means less detri-
mental in critically ill children; psychologic and intellectual 
impacts have been widely studied in various groups of children 
admitted to the PICU (88–90). Although clearly important, it 
was not the intention of this article to focus on the psycho-
social impairments, and we refer readers to other excellent 
reviews on this topic (91, 92). Furthermore, as discussed, the 
contribution of physical impairment to psychosocial impair-
ment in this pediatric population remains unclear. In addition, 
the heterogeneity of these studies prevented a meaningful sta-
tistical synthesis of the results. Given such heterogeneity, an 
integrative approach was undertaken to allow a more compre-
hensive summary of the evidence. Nevertheless, to the best of 
our knowledge, this is the first in-depth review describing the 
tools used to measure functional outcomes in pediatric sur-
vivors of critical care, in particular physical impairments. We 
demonstrate the need for standardization and consensus in 
PICU outcome studies and integration of functional outcome 
measures.

CONClUSIONS
Functional impairment may be persistent in pediatric survi-
vors of critical illness. The evidence is scarce in this popula-
tion especially in regard to the type and extent of functional 
impairment. Studies on general impairment using global 
measures are substantial, and domain-specific outcome 
research seems to be a necessary next step. Future directions 
include determining the best tools while accounting for age-
appropriate development and the spectrum of chronically ill 
and healthy children, identifying risk factors and mechanisms 
for the functional impairment, and subsequently interven-
tions to prevent prolonged functional impairment in criti-
cally ill children.
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