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Abstract
Health-Related Quality of Life (HRQoL) after Pediatric Intensive Care Unit (PICU) admission is considered a valuable out-
come measure. Yet, data on HRQoL after PICU admission are scarce and often collected in heterogeneous patient groups. 
The current study aimed to evaluate HRQoL in children with bronchiolitis 6 months after PICU admission, which represents 
a homogenous patient group. This study was conducted at the Radboud University Medical Centre in the Netherlands. Chil-
dren admitted to the PICU between November 2019 and April 2020 were eligible. HRQoL was assessed with the “TNO-
AZL Preschool children Quality of Life” (TAPQOL) questionnaire and compared to Dutch normative data. Lower scores 
represent worse HRQoL. HRQoL was assessed in 34 children (response rate 81%), mean age at assessment was 7.6 months 
(SD 2.5 months), and median length of stay was 5 days (range 1–17). Parents reported significant lower scores on stomach 
problems (p < 0.001; d = 0.8) and lung problems (p < 0.001; d = 1.2) and significant higher scores on appetite (p < 0.001; 
d = 0.6) and problem behavior (p < 0.001; d = 0.5) compared to normative data. Effect sizes were moderate to large.

Conclusion: Significant differences in several HRQoL domains were found after PICU admission for bronchiolitis com-
pared to normative data. Whereas the domains lung and stomach problems showed significantly impaired scores, most 
domains revealed HRQoL levels comparable with healthy peers. This study may contribute to the optimization of HRQoL 
PICU outcomes by highlighting specific HRQoL domains to focus on at admission and during follow-up.

What is Known:
• With the decline in PICU mortality, HRQoL became an important outcome measure. Yet, the currently limited number of studies on HRQoL 

outcomes often involve heterogeneous patient groups.
• Bronchiolitis is one of the most frequent reasons for PICU admission, and although a significant part of children admitted for bronchiolitis 

has a medical history, compared with other reasons for PICU admission, this patient group is relatively homogeneous in terms of age, disease 
course, and treatment.

What is New:
• In the present study, six months after PICU admission for bronchiolitis, children scored differently on multiple HRQoL domains compared to 

healthy peers.
• Significantly impaired HRQoL scores were reported on lung and stomach problems in comparison to normative data.
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Abbreviations
HRQoL	� Health-Related Quality of Life
HUI	� Health utility index
PICS-p 	� Post Intensive Care Syndrome in pediatrics
PICU	� Pediatric Intensive Care Unit
PIM2	� Pediatric Index of Mortality score 2
PRISM-III	� Pediatric Risk of Mortality Score III
PROM	� Patient-Reported Outcome Measure
Radboudumc	� Radboud University Medical Centre
SD	� Standard deviation
TAPQOL	� TNO-AZL Preschool children Quality of 

Life

Introduction

The development of the Pediatric Intensive Care Unit 
(PICU) has contributed to the substantial decline in mortal-
ity of children with critical illness [1, 2]. As PICU mortality 
has become relatively rare over the last decades [1, 3], being 
3.8% on Dutch PICU’s nowadays [4], this outcome measure 
was no longer sufficient to evaluate critical care. Further-
more, the traditional focus on mortality reduction has been 
broadened to optimization of outcome after PICU admission 
[5]. Children often experience long-term physical, cogni-
tive, emotional, and social problems post PICU admission, 
summarized as Post Intensive Care Syndrome in pediatrics 
(PICS-p) [5]. PICS-p became an important phenomenon 
since the publication of the PICS-p framework in 2012 [6] 
and further stimulated the focus on long-term outcome after 
PICU admission [5].

Patient-Reported Outcome Measures (PROMs) are nowa-
days a keystone in research and high-quality patient care. 
A frequently used PROM is Health-Related Quality of Life 
(HRQoL). HRQoL encompasses the subjective evaluation 
of physical, social, and emotional functioning. In childhood, 
HRQoL is influenced by other factors than in adult life, for 
instance, by developmental capacities [1]. After critical ill-
ness, HRQoL measurement can consider the self-perceived 
impact of illness and PICU admission on the different domains 
of young children’s lives. Therefore, it adds valuable depth 
to the measurement of possible sequelae [7]. Aspesberro and 
colleagues underlined the relevance of HRQoL by stating that 
“maximising long-term HRQoL might represent the most 
important goal of medicine in general and intensive care in 
particular” [1]. Taking HRQoL into account when research-
ing PICS-p expands the understanding of the actual impact on 
the child’s life.

In the field of pediatric intensive care, the value of long-
term HRQoL has been recognized. A review of 78 studies 
assessing children’s HRQoL after PICU admission sug-
gests a significant impact of critical illness on HRQoL [1]. 

More specific, pre-planned prospective parts of two large 
randomized controlled trials revealed significantly lower 
HRQoL scores among children up to 24 months after PICU 
admission compared to a normative population in one hand 
and a matched healthy control group on the other [8–10]. 
Although there is increased knowledge on sequelae after 
critical illness, much less is known about long-term effects 
of PICU admission specifically in young children [7]. More-
over, since available data are heterogeneous in terms of age, 
disease course, and treatment, the effect of PICU admission 
on post-discharge HRQoL remains unclear, hindering the 
translation of existing data into clinical practice. By evaluat-
ing HRQoL in a relatively homogeneous patient group, the 
impact of PICU admission on HRQoL might be clarified.

Bronchiolitis is an acute respiratory tract infection and is 
one of the most common non-elective indication for PICU 
admission [11]. Bronchiolitis is often a clinical diagnosis 
and can be caused by multiple viral pathogens. Research to 
date into long-term outcome after PICU admission for bron-
chiolitis is scarce [11, 12]. As bronchiolitis usually causes 
admission in previously healthy children during the first 
5 months of life [13], this concerns a homogenous patient 
group regarding mainly age and treatment and to a lesser 
extent history. Thus, with the relatively high incidence of 
bronchiolitis and the importance of HRQoL as outcome 
measure, a relevant research issue is raised [11, 14].

The primary aim of the current study was to evaluate 
HRQoL in children 6 months after PICU admission for bron-
chiolitis. Based on the aforementioned studies on HRQoL in 
different PICU populations, we hypothesized that HRQoL 
would be lower in these children as compared to norma-
tive data. This research can help optimize PICU treatment 
by giving specific attention to the affected domains during 
admission and follow-up.

Materials and methods

Participants

This prospective cohort study is part of the “Long-tErM 
Outcome after broNchiolitis”-trial (LEMON-trial, CMO 
file 202–6527). It has been conducted in the eight-bed 
general tertiary PICU of the Radboud University Medical 
Centre (Radboudumc) in the Netherlands. Children admit-
ted between November 2019 and April 2020 were eligible 
for participation. This timeframe encloses one “bronchiolitis 
season” in the Netherlands and was for the vast majority 
before the start of the Covid-19 pandemic. The local Medical 
Ethics Committee has approved the study protocol. Informed 
consent was obtained from all participating parents.
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Procedure

Parents were approached 6 months (range 3–7) after PICU 
discharge. Contact details from all parents were extracted 
from the electronic patient record without opening the 
patient file. Parents were contacted by telephone and were 
given the option to complete the questionnaire either by tel-
ephone or digitally.

Patient characteristics were obtained from the patient 
record. The Pediatric Risk of Mortality Score III (PRISM-
III) and Pediatric Index of Mortality score (PIM2) were 
obtained from a pre-existing database [15, 16]. Parents were 
asked if their child had been re-admitted to a hospital and, 
if so, for what reason. Parental demographic data were col-
lected as well.

Health‑related quality of life measure

The TNO-AZL Preschool children Quality of Life (TAPQOL) 
questionnaire is a scientifically widely used and validated 
questionnaire to evaluate the domains of HRQoL in pre-
school children [17]. For children up to 1.5 years old, the 
instrument contains 32 items clustered into nine domains: 
stomach problems, skin problems, lung problems, sleep-
ing, appetite, positive mood, anxiety, liveliness, and prob-
lem behavior. The definition of each domain can be found in 
Supplementary material. To determine HRQoL, most items 
consist of two sub-questions. The first one assesses the exist-
ence of a complaint or functional limitation during the past 
3 months. The second question assesses the child’s reaction to 
that problem. On the domains liveliness, positive mood, prob-
lem behavior, and anxiety, there is no second sub-question, 
because these domains already include an emotional dimen-
sion. As HRQoL is defined as a multi-dimensional construct, 
no total score is calculated.

The TAPQOL was developed and validated for children 
of at least 1-year old but proved to have adequate psychomet-
ric properties in younger children [17–19]. Criterion validity 
has been reported good for all domains in the questionnaire, 
confirming that it can distinguish between healthy and less 
healthy children [20].

Statistical analysis

Data management and analysis were performed using SPSS 
version 26.0. Following the scoring instructions of the 
TAPQOL, the scores per domain were summed and trans-
formed into 0 (worst possible health state) to 100 (best pos-
sible health state) scale scores. Likewise, missing data were 
imputed on the basis of the TAPQOL manual [20]. This 
guideline allows domains with at least four items to have one 
item missing, whereby scores of the other three items are 
extrapolated to a total scale score. As data were skewed, the 

Mann–Whitney U test was performed to compare the scores 
to normative data. Cohen's d effect sizes were determined 
to assess the magnitude of the differences in mean scores 
between the patient group and the normative population. 
Effect sizes were calculated by dividing the difference in the 
mean scores, by the standard deviation (SD) of the norma-
tive group. Effect sizes < 0.5 were considered small, ≥ 0.5 
moderate and ≥ 0.8 large [21]. The original dataset of the 
normative Dutch group was provided by the TAPQOL man-
ual [20].

Results

Study population

The flowchart of inclusion is depicted in Fig. 1.
Table 1 shows the child, parent, and admission character-

istics. Ten children (29%) had a medical history, including 
congenital neurological disease (n = 1), congenital cardiac 
disease (n = 2), palatoschisis (n = 1), prematurity (n = 5), 
and extreme prematurity (n = 1). One child had congenital 
cerebellar ataxia, also known as Joubert Syndrome. This 
child had a congenital cardiac disease as well, which was 
considered part of the syndrome. Therefore, this child is 
categorized as having a congenital neurological disease. 
Five of the nine children who were hospitalized during the 
follow-up interval had no medical history, and in these cases, 
the admission was due to a respiratory problem. The other 
admissions were in relation to each child’s described medi-
cal history.

Health‑related quality of life scores

The results obtained from the TAPQOL questionnaire are 
presented in Table 2. One parent did not fully complete the 
questionnaire on three domains, resulting in a study group 
containing 33 instead of 34 children in these domains.

Discussion

The current study described HRQoL in children 6 months 
after PICU admission for bronchiolitis as reported by their 
parents. Statistically significant worse HRQoL scores were 
reported on lung and stomach problems compared to nor-
mative data. Effect sizes on these domains were large. Fur-
thermore, in comparison to normative data, better HRQoL 
scores were found on appetite and behavior problems with 
moderate effect sizes.

The current study results align with earlier research using 
a multi-domain HRQoL measure after critical illness [9, 
10, 23]. These studies established the significant impact of 
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critical illness on HRQoL by comparing patients to a norma-
tive group [9, 10, 23]. Results in these studies were presented 
in specific age groups but not in specific diseases. In a recent 
study, Hordijk and colleagues found the majority of HRQoL 
domains to be significantly lower after PICU admission, 
with moderate to large effect sizes, compared to normative 

Fig. 1   Flowchart of inclusion

Responders, n = 36

Health-related Quality of Life 
assessment, n = 34 (81%)

Eligible children, n = 42

Non-responders*, n = 6

Non-responders after 
planned assessment, n = 2

*Unable to contact by phone and e-mail.

Table 1   Child, parent, and admission characteristics of PICU patients

PICU pediatric intensive care unit, no number, wks weeks, mnts months, 
PRISM-III Pediatric Risk of Mortality Score III, PIM2 Pediatric Index 
of Mortality score 2, yrs years
a PRISM-III describes severity of illness on the first day of admission, 
with higher scores indicating higher risk of death [15]
b Probability of death was based on the PIM2 score, which describes 
severity of illness at time of PICU admission [16]
c The maternal education is used as an indicator for socioeconomic 
status [22], divided into lower: no/elementary/secondary lower voca-
tional education; intermediate: secondary medium/high vocational 
education; and higher: college/university [20]

Child characteristics

Male (%) 19 (56)
Medical history (%) 10 (29)

Admission characteristics

Median age at PICU admission, wks (range) 7 (1–34)
Median length of PICU stay, days (range) 5 (1–17)
Invasive mechanical ventilation rate (%) 29 (85)
Severity of illness (range)
  PRISM-IIIa, score 5 (0–13)
  Probability of deathb, % 1 (0–8)

Follow-up interval after PICU discharge, mnts (range) 6 (3–7)
Hospital admission during follow-up interval (%) 9 (27)

Parent characteristics

Proxy-report by mother (%) 32 (94)
Age of parent, yrs (range) 33 (23–41)
Maternal education (%)
  Lower 4 (12)
  Intermediate 15 (44)
  Higher 15 (44)

Table 2   HRQoL scores six months after PICU admission for bronchi-
olitis compared to normative data [20]

HRQoL scores are assessed with the TAPQOL questionnaire. Higher 
scores represent better HRQoL. The Mann–Whitney U test is used to 
determine statistical significance
HRQoL Health-Related Quality of Life, TAPQOL TNO-AZL Preschool 
children Quality of Life, vs versus
*p < 0.05 vs normative data
**p < 0.001 vs normative data
a In all domains n = 34, except for the domains liveliness, positive mood, 
and anxiety, in which n = 33 due to missing answers

Domain Normative data 
(n = 340)
Mean (SD)

Study group 
(n = 33–34)a

Mean (SD)

Effect size (d)

Stomach problems 91.9 (13.8) 80.9 (20.1)** 0.8
Skin problems 91.8 (10.8) 92.2 (11.0) 0.04
Lung problems 93.6 (16.2) 75.0 (29.4)** 1.2
Sleeping 82.3 (17.3) 77.2 (23.8) 0.3
Appetite 84.6 (13.2) 91.9 (16.3)** 0.6
Liveliness 98.0 (8.0) 98.5 (6.4) 0.1
Positive mood 98.7 (6.5) 96.5 (10.0) 0.3
Problem behavior 67.7 (15.3) 76.1 (22.2)** 0.5
Anxiety 78.3 (18.0) 84.8 (22.6)* 0.4
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data [9]. These scores were found in a large cohort of young 
children (n = 390, median age 0.4 years) with heterogeneous 
reasons for PICU admission, for example, cardiac surgery. In 
the current study, fewer domains showed significant impair-
ment, which could be explained by the relatively good prog-
nosis of bronchiolitis—including low mortality and gener-
ally recovery without sequelae—compared to the children 
in the study of Hordijk et al. Further, the instrument used by 
Hordijk and colleagues contains different HRQoL domains 
[9], and these domains are not completely comparable to the 
domains described in the current study. Regarding this issue, 
the study of Knoester and colleagues [23] allows a more 
precise comparison to our study since the TAPQOL was 
also used in their study. Similar to our results, significant 
more lung problems were found (after 3 and 9 months) in 
the youngest subgroup (1–6 years) after PICU admission. In 
general, the reported impaired HRQoL domains are in line 
with the described earlier studies.

The domains appetite and problem behavior are scored 
higher in the current study group than in the normative 
population, which might be explained by response shift. 
Response shift is an important subject in HRQoL stud-
ies and has earlier been described in the same TAPQOL 
domains [23]. It refers to a change in an individual’s inter-
nal standard or personal values, comparable to an internal 
“recalibration” [24]. In the current study, the scores might 
have been influenced by reprioritizing concerns of parents 
due to the experienced stress when their child was struck 
by critical illness. A second explanation for these higher 
scored domains could be the distinction in age between the 
study group and normative group (mean age 2.5 years). 
The development of children is age-specific. Therefore, it 
is imaginable that young children score better on appetite 
and behavior problems than older children, independent of 
PICU admission. Previous studies confirm this theory, as 
healthy children up to 1-year old score higher on the appe-
tite and problem behavior domains than healthy children 
above 1-year old [17, 25].

Comparing our results to studies using other HRQoL 
measures [26–29] is complicated due to the wide variety 
in HRQoL instruments, lack of consistency on the HRQoL 
definition, lack of consensus on which instrument is most 
appropriate in pediatrics, and the frequent provision of a 
single-score summary HRQoL classification [24, 30]. For 
example, studies conducting the Health Utility Index (HUI) 
stated that approximately 80% of children have a “good” 
QoL 1–3 years after PICU admission [26, 29]. This consid-
ered, we cannot conclude whether our results are in agree-
ment with these earlier studies or not, which underlines the 
need for concurrence on pediatric HRQoL instruments.

As part of this study, psychological problems in parents 
were evaluated [31]. Prevalence of Post-Traumatic Stress 
Disorder (PTSD), anxiety, and depression were found to 

be higher in the study group compared to Dutch normative 
data. These psychological problems might affect how par-
ents complete questionnaires about their children’s HRQoL. 
Furthermore, negative long-term physical outcomes in chil-
dren after a PICU admission might influence psychological 
well-being of parents. This interaction is an area requiring 
further research.

Limitations and strengths

The current study has a number of limitations that should be 
taken into account. First, HRQoL was measured at a single 
time point after discharge. After PICU admission, (HR)QoL 
seems to improve over time [23, 32–34]. Since time between 
discharge and outcome assessment varies in our study (range 
3–7 months), the presented results may underestimate and 
overestimate the effect on HRQoL after three and 7 months, 
respectively. Another consequence of conducting a single 
measurement is the absence of a baseline HRQoL. Because 
the pre-morbid state is an important factor of HRQoL [2], 
this is a shortcoming of this study.

Second, there is a possibility of selection bias. In com-
parison to the general Dutch population, the mothers of 
the children that participated in our study had a higher 
educational level [35]. In the study of de Laat et al. [36], 
mothers with low levels of education reported more psy-
chosocial problems in their children compared to highly 
educated mothers. Based on that study, it could be pos-
sible that the prevalence of psychosocial problems, and 
thereby the effect on HRQoL in the current patient group 
is underestimated. Nevertheless, the high response rate 
in the current study generally contributes to reliability by 
reducing the chance of selection bias.

Third, the results in this study are influenced by limi-
tations of the used questionnaire and its application. The 
TAPQOL is validated for children from the age of 6 months. 
Yet, few children in this study were younger than this age. 
Since these were small numbers and the margin between 
their age and 6 months included at most a few weeks (i.e., 
5 children between 5.5 and 6 months of age and 3 children 
between 5.0 and 5.5 children of age), the same reference 
values were used for these children as for the entire group. In 
addition, the TAPQOL is known to show ceiling effects, and 
the domain “stomach problems” has rather weak reliability 
(α = 0.39–0.51) [17, 18, 25]. Furthermore, part of the ques-
tionnaires was administered by phone. Parents may provide 
more socially desirable answers over the phone, which may 
have influenced our results. Moreover, the usage of proxy 
report by the TAPQOL can cause bias, as the mental HRQoL 
of the parents is correlated to the HRQoL they report for 
their child [9]. The psychological condition of the parents in 
this study could have been altered due to the critical illness 
of their child, the COVID-19 crisis during the measurement 
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period, or both. Nevertheless, parents are the most closely 
involved people in a young child’s life, making them the 
most reliable source of information [9].

Fourth, due to the relatively small sample size, determi-
nants of HRQoL were not investigated, which may cause 
bias. For example, length of stay and severity of illness influ-
ence the HRQoL after PICU stay [9, 33, 34]. However, the 
homogeneity in our study group minimizes this possibility.

Implications

The evolving phenomenon known as PICS-p typically 
focuses on physical, cognitive, emotional, and social health. 
Taking HRQoL into account when researching PICS-
p expands the understanding of the actual impact on the 
child's life [7]. Our study can strengthen the already ini-
tiated change into focusing on long-term PICU outcomes. 
Acknowledgement of long-term outcomes might be help-
ful to initiate timely interventions to reduce morbidity. This 
in an excellent fit with the recently started national PICU 
follow-up program in the Netherlands.

To develop a complete picture of HRQoL after PICU 
admission for bronchiolitis, standardized measurements over 
time, with an instrument specially designed for young chil-
dren, are needed. If risk factors for impaired HRQoL could 
be identified, close follow-up could be set out for those chil-
dren most in need.

Conclusion

Six months after PICU admission for bronchiolitis, children 
in the current study group are found to score significantly 
different on multiple HRQoL domains compared to Dutch 
normative data. Significantly impaired HRQoL scores were 
reported on lung and stomach problems in comparison to the 
normative group. Despite the fact that bronchiolitis is known 
for its relatively good prognosis nowadays, the present study 
shows that it can still influence HRQoL 6 months after PICU 
discharge. Recognition of long-term outcomes may be useful 
for timely identification of children at risk of deterioration 
in HRQoL after PICU admission and for taking measures 
to reduce morbidity.
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