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Healthcare interventions improving and reducing quality of life
in children at the end of life: a systematic review
Veerle Piette 1,2, Kim Beernaert1,2, Joachim Cohen1,2, Nele S. Pauwels3, Anne-lore Scherrens1,2, Jutte van der Werff ten Bosch4 and
Luc Deliens1,2

BACKGROUND: Children with serious illness suffer from symptoms at the end of life that often fail to be relieved. An overview is
required of healthcare interventions improving and decreasing quality of life (QOL) for children with serious illness at the end of life.
METHODS: A systematic review was performed in five databases, January 2000 to July 2018 without language limit. Reviewers
selected quantitative studies with a healthcare intervention, for example, medication or treatment, and QOL outcomes or QOL-
related measures, for example, symptoms, for children aged 1–17 years with serious illness. One author assessed outcomes with the
QualSyst and GRADE (Grades of Recommendation, Assessment, Development, and Evaluation) Framework; two authors checked a
25% sample. QOL improvement or reduction was categorized.
RESULTS: Thirty-six studies met the eligibility criteria studying 20 unique interventions. Designs included 1 randomized controlled
trial, 1 cross-sectional study, and 34 cohort studies. Patient-reported symptom monitoring increased QOL significantly in cancer
patients in a randomized controlled trial. Dexmedetomidine, methadone, ventilation, pleurodesis, and palliative care were
significantly associated with improved QOL, and chemotherapy, stem cell transplant, and hospitalization with reduced QOL, in
cohort studies.
CONCLUSIONS: Use of patient-controlled symptom feedback, multidisciplinary palliative care teams with full-time practical
support, inhalation therapy, and off-label sedative medication may improve QOL. Curative therapy may reduce QOL.
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IMPACT:

● QOL for children at the end of life may be improved with patient-controlled symptom feedback, multidisciplinary palliative care
teams with full-time practical support, inhalation therapy, and off-label sedative medication.

● QOL for children at the end of life may be reduced with therapy with a curative intent, such as curative chemotherapy or stem
cell transplant.

● A comprehensive overview of current evidence to elevate currently often-failing QOL management for children at the end
of life.

● New paradigm-level indicators for appropriate and inappropriate QOL management in children at the end of life.
● New hypotheses for future research, guided by the current knowledge within the field.
● Various healthcare interventions (as described above) could or might be employed as tools to provide relief in QOL

management for children with serious illness, such as cancer, at the end of life, and therefore could be discussed in pediatrician
end-of-life training to limit the often-failed QOL management in this population, cave the one-size-fits-all approach for
individual cases.

● Multidisciplinary team efforts and 24/7 presence, especially practical support for parents, might characterize effective palliative
care team interventions for children with serious illness at the end of life, suggesting a co-regulating link between well-being of
the child partly to that of the parents

● Hypothesis-oriented research is needed, especially for children with nonmalignant disorders, such as genetic or neurological
disorders at the end of life, as well as QOL outcomes for intervention research and psychosocial or spiritual outcomes.
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INTRODUCTION
Despite medical advancements in therapy and treatment, a
substantial proportion of children with serious illness such as
cancer or neuromuscular conditions will still die of their disease.
Yearly, between 24.4 and 75.3% of deaths for children between 1
and 17 are caused by serious illness in European and non-
European countries, according to a 2017 population-level study.1,2

Partly as a result of medical–technical developments and
expanding possibilities of treatment, care for children often
remains focused on cure and life prolongation even in the last
months of life.3–6 There is a growing recognition that care should
focus on maintaining the quality of life (QOL) at the end of life.7

In order to provide adequate health care at the end of life for
children with serious illness, an overview is required, of which
healthcare interventions have negative and/or positive effects on
children’s QOL at the end of life. Such an overview is currently not
available. Gathering evidence on the effects of healthcare
interventions is indicated as one of pediatric oncology’s key
priorities.8 A complete overview of all known possible effects of
healthcare interventions on QOL and related measures is
necessary to support healthcare providers in safe and effective
decision making,9 and for the construction of quality measures,
such as quality indicators and evidence-based guidelines.10

Our main objective was to systematically review peer-reviewed
quantitative literature for evidence about (associations indicating)
the effects of healthcare interventions on QOL or QOL-related
measures at the end of life for children with a serious illness.
Specific research questions were: (1) in which designs, popula-
tions, and settings were healthcare interventions studied with
regard to QOL and QOL-related measures in children at the EOL?;
(2) what healthcare interventions were studied?; (3) what
healthcare interventions (are associated with) significantly
increase(d) or reduce(d) QOL below α 0.05?; and (4) what was
the overall study quality and certainty of evidence?

METHODS
Registration
The protocol was registered in the PROSPERO International
Prospective Register of Systematic Reviews (CRD 42018105109)
and published.11 The Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) were followed, see Supple-
mentary Information 1.

Search strategy
We identified studies by searching in five electronic databases: in
MEDLINE, EMBASE, CENTRAL, CINAHL, and Web of Science. A
search was performed on July 7, 2018. The language was not
limited; the time was limited to publications from 2000 or later.
We excluded studies before 2000 as care prior to this date is likely
to differ from that of later generations,12 and a scoping review
indicated research is scarce before 2000. The MEDLINE search
strategy was developed alongside information specialists, based
on the Peer Review of Electronic Strategies (PRESS) guidelines.13

The electronic MEDLINE search strategy is provided in Supple-
mentary Information 2.

Study eligibility criteria
Study designs. Interventional and observational designs with
quantifiable results, such as randomized controlled trials (RCTs)
and cohort and cross-sectional studies. Observational designs
were included due to the suspected scarcity of research on
children at the end of life9,14 and to capture any associations of
interventions with QOL.

Population. Children with serious illness aged from 1 up to and
including 17 years at the end of life, meaning children suffering
from a serious illness who are within the last year of their lives.

Acutely ill children, neonates, and young adults were excluded;
the end-of-life periods of these populations differ for diagnosis,
prognosis, and care context. The mean, median, and/or range of
age had to be situated between 1 and 17 years. If a paper
discussed children in general terms without age reference, the
study was also included. The children were considered to be at the
end of life when the study described their sample as being at the
end of life at the time of admission of the health intervention,
using explicit terminology referring to the end of life, such as
“terminally ill,” “near death,” or “dying.” Serious illness was defined
as having at least one complex chronic condition, according to the
definition (in ICD-10-codes) poised in recent literature.15

Intervention. Healthcare interventions applied to the population
as described above. The WHO definition for health interventions
was used: “any act performed for, with or on behalf of a person or
population whose purpose is to assess, improve, maintain,
promote or modify health, functioning, or health conditions’.16

Outcomes. QOL outcomes relating to the QOL of the child. We
included QOL as such as outcome, but also QOL-related measures:
outcomes that could be present on a QOL-scale, such as, among
others, physical, psychosocial, and spiritual symptoms, and
treatment success, burden, intensity, or toxicity. A broad selection
of outcomes was necessary for a thorough overview. We only
included outcomes at the level of the child, and excluded
outcomes for other stakeholders, such as QOL of parents or
medical staff.

Study selection
All records were exported to the reference management software
Endnote (Version X7.1). Duplicated records were removed. Using
Covidence review management software, four authors (V.P., A.l.-S.,
K.B., and N.S.P.) screened the titles and abstracts. V.P. screened all
records, and A.l.-S, K.B., and N.S.P. independently screened one-
third of all records. Three authors (V.P., A.l.-S., and N.S.P.) screened
full texts. V.P. screened all records, and A.l.-S. and N.S.P. each
independently screened half of the records. Any discrepancies
were discussed between the two reviewers in question. In case of
disagreement, a third reviewer (K.B. or J.v.d.W.t.B.) was consulted.
One author (V.P.) hand-searched the reference lists and contacted
authors of the selected studies for additional relevant publications.

Data extraction
The following variables were extracted as described in the
publication(s): Author(s), title, publication date, article language,
journal, data collection, country, aim, healthcare intervention(s),
QOL or QOL-related outcome, results for outcome (for main scales,
subscales, and sub-analyses), QOL measurement, children’s age
(mean, median, range, interquartile range; also if the children
themselves were not participating), intervention duration, start
and end of intervention in days before death, number of
participants (children who were directly or indirectly assessed),
and children’s illness. The following variables were extracted and
classified according to the judgment of the authors of this review:
study design, who reported the QOL or proxy of QOL outcome,
setting, and illness category. Data were extracted from text, tables,
and graphs. If data were missing, authors were not contacted for
additional information. The authors of selected publications were
contacted to verify the extracted data.

Study quality assessment, certainty of evidence, and data analysis
Data extraction, quality assessment, and grading of certainty of
the evidence were performed by V.P. A 25% sample was checked
by other researchers (A.-l.S. and N.S.P.). The quality of each
individual study was assessed with the quantitative checklist
within the QualSyst Tool17 (scale ranging from 0 to 1.0). The
certainty of evidence was assessed with the GRADE (Grades of
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Recommendation, Assessment, Development, and Evaluation)
approach.18 We categorized certainty of evidence per healthcare
intervention as high (very certain that effect is close to a true
effect), moderate (moderately certain), low (limited certainty), or
very low (little certainty).

Data synthesis
We summarized results in overview tables. We grouped healthcare
interventions and outcomes according to clinical homogeneity
and categorized healthcare interventions into two categories,
pharmacological or non-pharmacological, and QOL outcomes into
five categories as emergent from the data. Original summary
measures were kept. Significant results were categorized for QOL
improvement or reduction.

RESULTS
Study selection
As shown in Fig. 1, 8614 studies were identified in MEDLINE,
EMBASE, CENTRAL, CINAHL, and Web of Science, and 8578 studies
were excluded. Thirty-six studies met the eligibility criteria.19–54

Study characteristics
Studies mainly had a retrospective cohort (29/36, 81%) or
prospective cohort design (5/36, 14%), as illustrated in Table 1.
One study had a experimental design (RCT) (1/36, 3%), and
another study had a cross-sectional design (1/36, 3%). In two-
thirds, children with cancer were studied (23/36, 64%). In one-third
(12/36), multiple disorders were studied, for example, a combina-
tion of cancer and other disorders. Mean or median age of
children ranged from 3.4 years to 17 years. In total, 2493 children
were studied. Most healthcare interventions were administered in
a hospital setting (16/36, 44%). Outcomes were mostly reported
by parents (19/36, 53%).

Studied healthcare interventions and outcomes
Twenty different healthcare interventions were studied, as
shown in Table 1. Seventeen percent (6/36) had QOL as such
as an outcome. QOL as such was measured with the PedsQL 4.0
(one study), the Health Utilities Index (one study), the Survey
About Caring for Children with Cancer (one study), or an
undefined numeric rating scale (three studies). Eighty-three
percent of studies (30/36) used QOL-related measures, such as
symptoms. Mainly physical symptoms were studied (33/36,
92%).

Significant results
Table 2 shows all significant results. In total, nine interventions
revealed statistically significant associations with QOL.

Improved QOL. One pharmacological intervention (dexmedeto-
midine) and three non-pharmacological interventions (noninva-
sive mechanical ventilation, pleurodesis, and electronic patient-
reported symptom monitoring) were significantly associated with
improved QOL (-related measures). Dexmedetomidine was
associated with decreased pain, noninvasive ventilation and
pleurodesis with decreased cardiopulmonary symptoms, and
electronic patient-reported symptom monitoring with improved
emotional QOL. Results for dexmedetomidine, pleurodesis, and
noninvasive mechanical ventilation resulted from retrospective
cohort studies, while the result for patient-reported symptom
monitoring was from an RCT.
Two interventions had associations with improved and reduced

QOL, but mostly with improved QOL: palliative care was
associated with higher quality of life as such, less pain, less
dyspnea, more fun, more meaning in life, and better communica-
tion, but more constipation and energy loss. Methadone was
associated with less pain, less fatigue, and less insomnia, but more
dyspnea.

Records identified through database
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Records after duplicates were
removed (n = 5550)

Records excluded (n = 5445)
with main reasons:

No relevant population
(e.g. bereaved children, adults,
acutely ill children)

No population in age category
1–17 or sample size = 1 (n = 16) 
No population that is (judged
to be) at the end of life (n = 22)

No health intervention (n = 12)
No QOL outcome (n = 9)
No quantative results (n = 10)

No relevant design
(e.g. case report, review,
opinion piece)

No focus on QOL of the child
(e.g. QOL of family, medical
staff, or siblings)

Studies included (n = 36)

Duplicates excluded (n = 3064)

Records screened by 4
independent researchers

based on title and abstract (n = 5550)

Full text assessed for eligibility
by 3 independent researchers and

pediatrician (n = 105)

Full-text articles excluded (n = 69)
with reasons:

Fig. 1 Selection and inclusion of studies with reasons for exclusion. PRISMA flow chart showing the number of included and
excluded papers for the phases of identification, screening, eligibility and inclusion.
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Reduced QOL. One pharmacological intervention (IV chemotherapy)
and one non-pharmacological intervention (hospitalization) were
significantly associated with reduced QOL and QOL-related measures;
both interventions were associated with increased dyspnea. Both
results came from the same retrospective cohort study.
One intervention was associated both with improved and reduced

QOL, but most associations were with reduced QOL: stem cell
transplant was associated with a higher number of physical and
psychological symptoms, fatigue, diarrhea, sadness, and fear, but with
reduced constipation.
Detailed characteristics of significant results can be found in

Table 3.

Characteristics of healthcare interventions with significant results
Table 4 shows the characteristics of healthcare interventions with
significant results. Most interventions with significant results were
non-pharmacological. Often doses, procedures, duration, and
timing of admission were not available. Palliative care programs
were mostly physical and psychosocial, and always included a
multi-professional team. Most programs had a 24/7 on-call service
and helped with coordination of care.

Study quality and evidence certainty
Study quality. QualSyst scores ranged from 0.27 to 0.86, as
indicated in Table 1. Qualsyst scores were generally low due to the

absence of control groups and the absence of matched
comparison groups, inadequate subject/comparison selection or
source of information, insufficient description of subject and
comparison characteristics, insufficient operationalization, small
sample sizes, non-validated measurement tools, unreported
estimates of variance, and no controlling for confounding.
Detailed QualSyst scores can be found in Supplemental
Information 3.

Evidence certainty. Ratings for evidence certainty were very low
for all healthcare interventions and related outcomes, except for
electronic patient-reported symptom monitoring that had mod-
erate certainty of evidence for emotional QOL, as presented in
Table 2 and Supplemental information 4.

DISCUSSION
To our knowledge, this is the first systematic literature review
mapping and synthesizing the effects, and associations indicating
effects, of healthcare interventions on QOL in children with serious
illness at the end of life, according to the best available evidence.
We found 36 eligible studies with a total of 20 different healthcare
interventions that were studied in relation to QOL or QOL-related
measures. Only one RCT was found, and mainly cohort studies
were used to study health interventions and QOL in children at

Table 2. Significant associations between healthcare interventions and quality of life.

Evidence certaintya Healthcare intervention Quality of life category Association with quality of life P valueb

Quality of life improves Quality of life reduces

Pharmacological

Very low Dexmedetomidine37 Physical symptoms Pain37↓ <0.001

Very low IV chemotherapy21 Physical symptoms Dyspnea21↑ <0.001

Very low Methadone24 Physical symptoms Pain24↓ Dyspnea24↑ <0.001/<0.001c/0.03

Fatigue24↓ 0.01

Insomnia24↓ 0.005/<0.001

Very low Stem cell transplant40 Physical symptoms Constipation40↓ Fatigue40↑ 0.05d/0.04

Diarrhea40↑ <0.001

Number of physical symptoms
that cause serious suffering40↑

0.009

Very low Stem cell transplant40 Psychological symptoms Sadness40↑ 0.04

Afraid40↑ 0.03

Number of psychological
symptoms that cause
serious suffering40↑

0.007

Non-pharmacological

Very low Noninvasive mechanical
ventilation45

Physical symptoms Heart rate45↓ <0.001

Respiratory rate45↓ <0.001

Partial oxygen saturation45↑ <0.001

Moderate Electronic feedback
intervention program19

Quality of life as such Emotional quality of life in children
who survived beyond the
intervention19↑

0.04

Moderate Electronic feedback
intervention program19

Emotional quality of life in children
from 8 years onwards who survived
beyond the intervention19↑

0.01

Very low Pleurodesis29 Physical symptoms Respiratory rate29↓ 0.03

Aeriation short term29↑ 0.04

Very low Hospitalization21 Physical symptoms Dyspnea21↑ 0.01

Very low Palliative care25–27 Quality of life as such Quality of lifee 25–27↑ <0.001/<0.001/<0.001

Very low Palliative care31,54 Physical symptoms Pain54↓ Constipation31↑ 0.008/0.01

Dyspnea54↓ Energy loss31↑ <0.01/<0.007

Very low Palliative care31 Psychological symptoms Amount of fun31↑ 0.03

Event adding meaning to life31↑ 0.02

Very low Palliative care26 Communication Communication26↑ <0.001

aMeasured with Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach.18
bP values are reported as they appear from left to right in the corresponding row.
cFor children report and parent report, respectively.
dP value was reported as 0.046 in the original paper, due to formatting requirements this P value now shows 0.05.
eReferences25,26 may refer to two similar publication on the same program and the same sample for the same outcome.

Healthcare interventions improving and reducing quality of life in. . .
V Piette et al.

1070

Pediatric Research (2021) 89:1065 – 1077



Ta
bl
e
3.

D
et
ai
le
d
ch

ar
ac
te
ri
st
ic
s
o
f
si
g
n
ifi
ca
n
t
re
su
lt
s.

H
ea
lt
h
ca
re

in
te
rv
en

ti
o
n

Q
u
al
it
y
o
f
lif
e
o
u
tc
o
m
e

Q
O
L
m
ea
su
re
m
en

t
Sc
al
e

R
ep

o
rt

C
o
m
p
ar
is
o
n
g
ro
u
p

Su
m
m
ar
y
st
at
is
ti
c

R
es
u
lt

P
va
lu
e
(9
5%

C
I)

Ph
ar
m
ac
o
lo
g
ic
al

h
ea
lt
h
ca
re

in
te
rv
en

ti
o
n
s

D
ex
m
ed

et
o
m
id
in
e3

7
Pa

in
3
7

FL
A
C
C

1–
10

N
A

N
o

M
ea
n
d
iff
er
en

ce
U
n
sp
ec
ifi
ed

d
ec
re
as
e
b
ef
o
re

an
d
af
te
r
d
ai
ly

in
fu
si
o
n
s

<
0.
00

1
(N
A
)

IV
ch

em
o
th
er
ap

y2
1

D
ys
p
n
ea

2
1

C
TC

A
E
v4

.0
C
h
ar
t
re
vi
ew

1–
2:

M
ild

3–
5:

Se
ve

re
N
A

N
o

O
d
d
s
ra
ti
o

15
.8
-f
o
ld

In
cr
ea
se
d
o
d
d
s

<
0.
00

1
(3
.7
–
67

.5
)

M
et
h
ad

o
n
e2

4
Pa

in
2
4

PS
A
S

0-
4

C
h
ild

N
o

M
ea
n
d
iff
er
en

ce
1.
79

Po
in
ts

d
ec
re
as
e

b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
1

<
0.
00

1
(N
A
)

2.
44

Po
in
ts

d
ec
re
as
e

b
et
w
ee

n
th
e
b
as
el
in
e
an

d
fo
llo

w
-u
p
2

<
0.
00

1
(N
A
)

M
et
h
ad

o
n
e2

4
Pa

in
2
4

PS
A
S

0–
4

Pa
re
n
t

N
o

M
ea
n
d
iff
er
en

ce
2.
11

Po
in
ts

d
ec
re
as
e

b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
1

<
0.
00

1
(N
A
)

2.
42

Po
in
ts

b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
2

<
0.
00

1
(N
A
)

M
et
h
ad

o
n
e2

4
Fa
ti
g
u
e2

4
PS

A
S

0–
4

Pa
re
n
t

N
o

M
ea
n
d
iff
er
en

ce
0.
52

Po
in
t
d
ec
re
as
e
b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
2

0.
01

(N
A
)

M
et
h
ad

o
n
e2

4
In
so
m
n
ia
2
4

PS
A
S

0–
4

C
h
ild

N
o

M
ea
n
d
iff
er
en

ce
1.
43

Po
in
t
d
ec
re
as
e
b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
1

<
0.
00

1
(N
A
)

1.
45

Po
in
t
d
ec
re
as
e
b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
2

<
0.
00

5
(N
A
)

M
et
h
ad

o
n
e2

4
In
so
m
n
ia
2
4

PS
A
S

0–
4

Pa
re
n
t

N
o

M
ea
n
d
iff
er
en

ce
1.
43

Po
in
t
d
ec
re
as
e
b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
1

<
0.
00

1
(N
A
)

1.
24

Po
in
t
d
ec
re
as
e
b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
2

<
0.
00

1
(N
A
)

M
et
h
ad

o
n
e2

4
D
ys
p
n
ea

2
4

PS
A
S

0–
4

Pa
re
n
t

N
o

M
ea
n
d
iff
er
en

ce
0.
32

Po
in
t
in
cr
ea
se

b
et
w
ee

n
b
as
el
in
e
an

d
fo
llo

w
-u
p
2.

0.
03

(N
A
)

St
em

ce
ll
tr
an

sp
la
n
t4
0

Fa
ti
g
u
e4

0
N
R
S

1–
5

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e
d
iff
er
en

ce
22

%
In
cr
ea
se

w
it
h
SC

T
co

m
p
ar
ed

to
n
o
n
-S
C
T

0.
04

(1
;4
4)

St
em

ce
ll
tr
an

sp
la
n
t4
0

C
o
n
st
ip
at
io
n
4
0

N
R
S

1–
5

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e

16
%

D
ec
re
as
e
w
it
h
SC

T
co

m
p
ar
ed

to
n
o
n
-S
C
T

0.
04

6
(−

28
;−
4)

St
em

ce
ll
tr
an

sp
la
n
t4
0

D
ia
rr
h
ea

4
0

N
R
S

1-
5

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e

31
%

In
cr
ea
se

w
it
h
SC

T
co

m
p
ar
ed

to
n
o
n
-S
C
T

<
0.
00

1
(1
0;
51

)

St
em

ce
ll
tr
an

sp
la
n
t4
0

N
u
m
b
er

o
f
p
h
ys
ic
al

sy
m
p
to
m
s
th
at

ca
u
se
s

se
ri
o
u
s
su
ff
er
in
g
4
0

N
R
S

1–
5

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e

1.
3%

In
cr
ea
se

w
it
h
SC

T
co

m
p
ar
ed

to
n
o
n
-S
C
T

0.
00

9
(−

0.
1;
2.
7)

St
em

ce
ll
tr
an

sp
la
n
t4
0

Sa
d
n
es
s4

0
N
R
S

1–
5

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e

23
%

In
cr
ea
se

w
it
h
SC

T
co

m
p
ar
ed

to
n
o
n
-S
C
T

0.
04

(3
;4
3)

St
em

ce
ll
tr
an

sp
la
n
t4
0

B
ei
n
g
af
ra
id

4
0

N
R
S

1–
5

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e

24
%

In
cr
ea
se

w
it
h
SC

T
co

m
p
ar
ed

to
n
o
n
-S
C
T

0.
03

(2
;4
6)

St
em

ce
ll
tr
an

sp
la
n
t4
0

N
u
m
b
er

o
f
p
sy
ch

o
lo
g
ic
al

sy
m
p
to
m
s
th
at

ca
u
se
s

se
ri
o
u
s
su
ff
er
in
g
4
0

N
R
S

1–
5

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e

0.
7%

In
cr
ea
se

w
it
h
SC

T
co

m
p
ar
ed

to
n
o
n
-S
C
T

0.
00

7
(0
;1
.4
)

N
o
n
-p
h
ar
m
ac
o
lo
g
ic
al

h
ea
lt
h
ca
re

in
te
rv
en

ti
o
n
s

N
o
n
in
va
si
ve

m
ec
h
an

ic
al

ve
n
ti
la
ti
o
n
4
5

H
ea
rt

ra
te

(c
ar
d
ia
c

fr
eq

u
en

cy
)4
5

D
ec
re
as
e
o
f

h
ea
rt

ra
te

Pu
ls
es

p
er

m
in
u
te

N
A

N
o

M
ea
n
d
iff
er
en

ce
o
r

H
o
d
g
es
–
Le
h
m
an

n
es
ti
m
at
e

22
.4
9
D
ec
re
as
e

<
0.
00

1
(N
A
)

N
o
n
in
va
si
ve

m
ec
h
an

ic
al

ve
n
ti
la
ti
o
n
4
5

R
es
p
ir
at
o
ry

ra
te

(r
es
p
ir
at
o
ry

fr
eq

u
en

cy
)4
5

R
es
p
ir
at
o
ry

fr
eq

u
en

cy
R
es
p
ir
at
io
n
s

p
er

m
in
u
te

N
A

N
o

Se
e
ab

o
ve

9.
39

D
ec
re
as
e

<
0.
00

1
(N
A
)

Healthcare interventions improving and reducing quality of life in. . .
V Piette et al.

1071

Pediatric Research (2021) 89:1065 – 1077



Ta
bl
e
3.

co
n
ti
n
u
ed

H
ea
lt
h
ca
re

in
te
rv
en

ti
o
n

Q
u
al
it
y
o
f
lif
e
o
u
tc
o
m
e

Q
O
L
m
ea
su
re
m
en

t
Sc
al
e

R
ep

o
rt

C
o
m
p
ar
is
o
n
g
ro
u
p

Su
m
m
ar
y
st
at
is
ti
c

R
es
u
lt

P
va
lu
e
(9
5%

C
I)

N
o
n
in
va
si
ve

m
ec
h
an

ic
al

ve
n
ti
la
ti
o
n
4
5

O
xy
g
en

sa
tu
ra
ti
o
n
4
5

O
xy
g
en

sa
tu
ra
ti
o
n

U
n
cl
ea
r

N
A

N
o

Se
e
ab

o
ve

1.
17

In
cr
ea
se

<
0.
00

1
(N
A
)

N
o
n
in
va
si
ve

m
ec
h
an

ic
al

ve
n
ti
la
ti
o
n
4
5

Pa
rt
ia
l
fr
ac
ti
o
n
o
f
o
xy
g
en

4
5

U
n
cl
ea
r

U
n
cl
ea
r

N
A

N
o

Se
e
ab

o
ve

39
.8
5
In
cr
ea
se

<
0.
00

1
(N
A
)

El
ec
tr
o
n
ic

fe
ed

b
ac
k

in
te
rv
en

ti
o
n
p
ro
g
ra
m

1
9

Em
o
ti
o
n
al

q
u
al
it
y
o
f
lif
e1

9
Pe

d
sQ

L
4.
0

0–
10

0
C
h
ild

o
r
p
ar
en

t
N
o

M
ea
n
d
iff
er
en

ce
6
Po

in
t
in
cr
ea
se

in
ch

ild
re
n

w
h
o
su
rv
iv
ed

b
ey
o
n
d

in
te
rv
en

ti
o
n

0.
04

(0
.3
;1
1.
7)

El
ec
tr
o
n
ic

fe
ed

b
ac
k

in
te
rv
en

ti
o
n
p
ro
g
ra
m

1
9

Em
o
ti
o
n
al

q
u
al
it
y
o
f
lif
e1

9
Pe

d
sQ

L
4.
0

0–
10

0
C
h
ild

o
r
p
ar
en

t
N
o

M
ea
n
d
iff
er
en

ce
8.
1
Po

in
t
in
cr
ea
se

in
ch

ild
re
n

fr
o
m

8
ye
ar
s
o
n
w
ar
d
s
w
h
o

su
rv
iv
ed

b
ey
o
n
d

in
te
rv
en

ti
o
n

0.
01

(1
.8
;1
4.
4)

Pl
eu

ro
d
es
is
2
9

R
es
p
ir
at
o
ry

ra
te

2
9

C
h
ar
t
re
vi
ew

B
re
at
h
s

p
er

m
in
u
te

Ph
ys
ic
ia
n

N
o

N
A

U
n
sp
ec
ifi
ed

d
ec
re
as
e

0.
03

(N
A
)

Pl
eu

ro
d
es
is
2
9

A
er
ia
ti
o
n
sh
o
rt

te
rm

2
9

C
h
ar
t
re
vi
ew

Ph
ys
ic
ia
n

N
o

N
A

U
n
sp
ec
ifi
ed

in
cr
ea
se

0.
04

(N
A
)

H
o
sp
it
al
iz
at
io
n
2
1

D
ys
p
n
ea

2
1

C
TC

A
E
v4

.0
C
h
ar
t
re
vi
ew

1–
5
U
n
kn

o
w
n

N
A

N
o

O
d
d
s
ra
ti
o

1.
1-
fo
ld

In
cr
ea
se
d
o
d
d
s

0.
01

(1
.0
;1
.1
)

Pa
lli
at
iv
e
ca
re

2
5

Q
u
al
it
y
o
f
lif
e2

5
M
cG

ill
Q
O
L

Q
u
es
ti
o
n
n
ai
re

an
d
PO

S

0–
10

C
h
ild

o
r
p
ar
en

t
N
o

M
ea
n
ra
n
k
d
iff
er
en

ce
U
n
sp
ec
ifi
ed

in
cr
ea
se

<
0.
00

1
(N
A
)

Pa
lli
at
iv
e
ca
re

2
7

Q
u
al
it
y
o
f
lif
e2

7
Q
u
es
ti
o
n
n
ai
re

0–
10

Pa
re
n
t

N
o

M
ea
n
ra
n
k
d
iff
er
en

ce
U
n
sp
ec
ifi
ed

in
cr
ea
se

<
0.
00

1
(N
A
)

Pa
lli
at
iv
e
ca
re

2
6

Q
u
al
it
y
o
f
lif
e2

6
Q
u
es
ti
o
n
n
ai
re

1–
10

Pa
re
n
t

N
o

M
ea
n
ra
n
k
d
iff
er
en

ce
U
n
sp
ec
ifi
ed

in
cr
ea
se

<
0.
00

1
(N
A
)

Pa
lli
at
iv
e
ca
re

5
4

Pa
in

5
4

Su
rv
ey

5-
p
o
in
t
Li
ke
rt

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e
d
iff
er
en

ce
19

%
D
ec
re
as
e
o
f
p
ai
n
fo
r

se
co

n
d
co

h
o
rt

0.
08

(N
A
)

Pa
lli
at
iv
e
ca
re

5
4

D
ys
p
n
ea

5
4

Su
rv
ey

5-
p
o
in
t
Li
ke
rt

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e
d
iff
er
en

ce
21

%
D
ec
re
as
e
o
f
d
ys
p
n
ea

fo
r
se
co

n
d
co

h
o
rt

<
0.
00

1
(N
A
)

Pa
lli
at
iv
e
ca
re

3
1

C
o
n
st
ip
at
io
n
3
1

SC
C
C

Sy
m
p
to
m

p
re
se
n
ce

Pa
re
n
t

N
o

O
d
d
s
ra
ti
o

U
n
sp
ec
ifi
ed

in
cr
ea
se
d
o
d
d
s

0.
01

(N
A
)

Pa
lli
at
iv
e
ca
re

3
1

En
er
g
y
lo
ss

3
1

SC
C
C

Su
ff
er
in
g
o
f

sy
m
p
to
m

p
re
se
n
ce

Pa
re
n
t

N
o

O
d
d
s
ra
ti
o

U
n
sp
ec
ifi
ed

in
cr
ea
se
d
o
d
d
s

0.
00

7
(N
A
)

Pa
lli
at
iv
e
ca
re

3
1

A
m
o
u
n
t
o
f
fu
n
3
1

SC
C
C

G
re
at

d
ea
l/
a
lo
t/

so
m
e
Li
tt
le
/n
o
n
e

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e
d
iff
er
en

ce
25

%
In
cr
ea
se

fo
r
PC

g
ro
u
p

co
m
p
ar
ed

to
n
o
n
-P
C
g
ro
u
p

0.
03

(N
A
)

Pa
lli
at
iv
e
ca
re

3
1

Ev
en

t
ad

d
in
g
m
ea
n
in
g
to

lif
e3

1
SC

C
C

G
re
at

d
ea
l/
a
lo
t/

so
m
e
Li
tt
le
/n
o
n
e

Pa
re
n
t

Ye
s

Pe
rc
en

ta
g
e
d
iff
er
en

ce
26

%
In
cr
ea
se

fo
r
PC

g
ro
u
p

co
m
p
ar
ed

to
n
o
n
-P
C
g
ro
u
p

0.
02

(N
A
)

Pa
lli
at
iv
e
ca
re

2
6

C
o
m
m
u
n
ic
at
io
n
2
6

N
R
S

1–
10

Pa
re
n
t

N
o

M
ea
n
ra
n
k
d
iff
er
en

ce
1
Po

in
t
in
cr
ea
se

fr
o
m

7.
0
to

8.
0

<
0.
00

1
(N
A
)

N
A
N
o
t
av
ai
la
b
le
,F
LA
CC

Fa
ce
,L
eg

s,
A
ct
iv
it
y,
C
ry
,a
n
d
C
o
n
so
la
b
ili
ty

sc
al
e,
CT

CA
E
v4
.0
N
at
io
n
al
C
an

ce
r
In
st
it
u
te
’s
C
o
m
m
o
n
Te
rm

in
o
lo
g
y
C
ri
te
ri
a
fo
r
A
d
ve

rs
e
Ev
en

ts
v4

.0
,P
SA

S
Pe

d
ia
tr
ic
Sy
m
p
to
m

A
ss
es
sm

en
t
Sy
st
em

,
SC

CC
Su

rv
ey

A
b
o
u
t
C
ar
in
g
fo
r
C
h
ild

re
n
w
it
h
C
an

ce
r,
PO

S
Pa

lli
at
iv
e
O
u
tc
o
m
e
Sc
al
e,

SC
T
st
em

ce
ll
th
er
ap

y,
N
RS

N
u
m
er
ic

ra
ti
n
g
sc
al
e,

PC
Pa

lli
at
iv
e
ca
re
.

Healthcare interventions improving and reducing quality of life in. . .
V Piette et al.

1072

Pediatric Research (2021) 89:1065 – 1077



Ta
bl
e
4.

D
et
ai
le
d
ch

ar
ac
te
ri
st
ic
s
o
f
h
ea
lt
h
in
te
rv
en

ti
o
n
s
w
it
h
si
g
n
ifi
ca
n
t
re
su
lt
s.

H
ea
lt
h
ca
re

in
te
rv
en

ti
o
n

D
es
cr
ip
ti
o
n

D
o
se
/p
ro
ce
d
u
re

D
u
ra
ti
o
n
,
m
ea
n
,
o
r

m
ed

ia
n
(r
an

g
e)
,d

ay
s

Pe
ri
o
d
b
ef
o
re

d
ea
th
,
m
ea
n
,d

ay
s

O
th
er

sp
ec
ifi
ca
ti
o
n
s

Ph
ar
m
ac
o
lo
g
ic
al

h
ea
lt
h
ca
re

in
te
rv
en

ti
o
n
s

D
ex
m
ed

et
o
m
id
in
e3

7
α2

-A
d
re
n
o
re
ce
p
to
r

ag
o
n
is
t

1
μg

/k
g
b
o
lu
s
o
ve
r
10

m
in

w
it
h
co

n
ti
n
u
o
u
s

in
fu
si
o
n
at

0.
1–

3
μg

/k
g
/h

2
(1
–
11

1)
N
A

A
u
th
o
rs

re
p
o
rt
ed

th
at

b
o
lu
s
d
o
se
s
o
f
0.
1
μg

/k
g

co
u
ld

b
e
ad

m
in
is
te
re
d
u
p
to

ev
er
y
30

m
in

if
p
ai
n

sc
o
re
s
w
er
e
≥
53

7

IV
ch

em
o
th
er
ap

y2
1

In
tr
av
en

o
u
s
cy
to
st
at
ic

N
A

N
A

30
D
is
ea
se
-o
ri
en

te
d
,n

o
t
co

m
fo
rt
-o
ri
en

te
d
,

ch
em

o
th
er
ap

y
w
as

lo
o
ke
d
at

M
et
h
ad

o
n
e2

4
O
p
io
id

0.
1
m
g
/k
g
PO

q
12

h
o
u
rs

17
(N
A
)a
;5

5
(N
A
)b

N
A

Th
e
m
ed

ic
at
io
n
w
as

in
it
ia
te
d
at

th
e
st
an

d
ar
d

p
ed

ia
tr
ic

an
al
g
es
ic

d
o
si
n
g

St
em

ce
ll
tr
an

sp
la
n
t4
0

Su
rg
ic
al

ca
n
ce
r-
d
ir
ec
te
d

th
er
ap

y
N
A

N
A

N
A

Th
e
st
em

ce
ll
tr
an

sp
la
n
t
w
as

th
e
la
st

ca
n
ce
r-

d
ir
ec
te
d
th
er
ap

y
th
e
ch

ild
re
n
re
ce
iv
ed

N
o
n
-p
h
ar
m
ac
o
lo
g
ic
al

h
ea
lt
h
ca
re

in
te
rv
en

ti
o
n
s

N
o
n
in
va
si
ve

m
ec
h
an

ic
al

ve
n
ti
la
ti
o
n
4
5

Th
er
ap

y
to

ai
d
b
re
at
h
in
g

N
A

N
A

N
A

Th
e
ve

n
ti
la
ti
o
n
h
ad

a
p
al
lia
ti
ve

ch
ar
ac
te
r
an

d
w
as

u
se
d
to

tr
ea
t
ac
u
te

o
r
ch

ro
n
ic

re
sp
ir
at
o
ry

fa
ilu

re

El
ec
tr
o
n
ic

fe
ed

b
ac
k

in
te
rv
en

ti
o
n
1
9

C
o
m
p
u
te
r-
b
as
ed

d
at
a

co
lle
ct
io
n
sy
st
em

N
A

14
0
(N
A
)

N
A

Th
e
sy
st
em

co
lle
ct
ed

p
at
ie
n
t’s

sy
m
p
to
m
s
an

d
H
R
Q
o
L
d
at
a
an

d
g
en

er
at
ed

p
ri
n
te
d
fe
ed

b
ac
k

re
p
o
rt
s
an

d
e-
m
ai
l
al
er
ts

H
o
sp
it
al
iz
at
io
n
2
1

In
p
at
ie
n
t
h
o
sp
it
al

d
ay
s

N
A

N
A

30

Pa
lli
at
iv
e
ca
re

d
Sp

ec
ia
liz
ed

p
al
lia
ti
ve

h
o
m
e
ca
re

2
5

M
ed

ic
al

an
d
n
u
rs
in
g
ca
re

A
24

/7
o
n
-c
al
l
se
rv
ic
e

Ps
yc
h
o
so
ci
al

su
p
p
o
rt

C
o
o
rd
in
at
io
n
o
f
p
ro
fe
ss
io
n
al

as
si
st
an

ce

N
A

N
A

Th
er
e
w
er
e
tw

o
se
p
ar
at
e
te
am

s
fo
r
ad

u
lt
s
an

d
ch

ild
re
n
.
Se

rv
ic
es

w
er
e
p
ro
vi
d
ed

w
h
ile

cl
o
se
ly

co
o
p
er
at
in
g
w
it
h
th
e
lo
ca
l
h
ea
lt
h
ca
re

p
ro
fe
ss
io
n
al
s,
su
ch

as
g
en

er
al

p
ra
ct
it
io
n
er
s,

p
ed

ia
tr
ic
ia
n
s,
n
u
rs
in
g
,a

n
d
h
o
sp
ic
e
se
rv
ic
es

Sp
ec
ia
liz
ed

p
al
lia
ti
ve

h
o
m
e
ca
re

2
6

M
ed

ic
al

an
d
n
u
rs
in
g
ca
re

A
24

/7
o
n
-c
al
l
se
rv
ic
e

Ps
yc
h
o
so
ci
al

su
p
p
o
rt

C
o
o
rd
in
at
io
n
o
f
p
ro
fe
ss
io
n
al

as
si
st
an

ce

11
.8

(0
.5
–
58

.0
)

N
A

Th
is
p
ro
g
ra
m

is
th
e
sa
m
e
p
ro
g
ra
m

as
m
en

ti
o
n
ed

in
th
e
lin

e
ab

o
ve
,r
ep

o
rt
ed

in
a
d
iff
er
en

t
p
u
b
lic
at
io
n
.
Se

e
ab

o
ve

fo
r
sp
ec
ifi
ca
ti
o
n
s

Pa
lli
at
iv
e
h
o
m
e
ca
re

te
am

2
7

Pa
lli
at
iv
e
ca
re

in
co

o
p
er
at
io
n
w
it
h
lo
ca
l

h
ea
lt
h
ca
re

p
ro
fe
ss
io
n
al
s
24

/
7
m
ed

ic
al

o
n
-c
al
l
se
rv
ic
e

C
o
o
rd
in
at
io
n
o
f
p
ro
fe
ss
io
n
al

as
si
st
an

ce

6.
5
(1
–
48

w
ee

ks
)

N
A

Tw
o
ex
am

p
le
s
o
f
co

o
rd
in
at
io
n
o
f
p
ro
fe
ss
io
n
al

as
si
st
an

ce
w
er
e
in
cl
u
d
ed

in
th
e
p
ap

er
:t
ra
n
si
ti
o
n

o
f
ca
re

b
et
w
ee

n
h
o
sp
it
al

an
d
h
o
m
e
an

d
as
si
st
an

ce
in

ap
p
ro
p
ri
at
e
co

m
m
u
n
ic
at
io
n

H
o
m
e-
b
as
ed

p
al
lia
ti
ve

ca
re

3
1

Sc
h
ed

u
le
d
vi
si
ts

b
y
n
u
rs
es
,s
o
ci
al

w
o
rk
,
ch

ild
lif
e

th
er
ap

is
t,
an

d
ch

ap
la
in

24
/7

m
ed

ic
al

o
n
-c
al
l
h
o
m
e
se
rv
ic
e

A
ss
es
sm

en
t
an

d
tr
ea
tm

en
t
o
f
d
is
tr
es
si
n
g

sy
m
p
to
m
s

C
o
o
rd
in
at
io
n
o
f
ca
re

Ps
yc
h
o
so
ci
al

ca
re

N
A

N
A

Ps
yc
h
o
so
ci
al

ca
re

in
cl
u
d
ed

co
u
n
se
lin

g
an

d
su
p
p
o
rt
,a

ss
is
ti
n
g
w
it
h
co

m
m
u
n
it
y
re
so
u
rc
es
,

b
er
ea
ve
m
en

t
su
p
p
o
rt
,
m
em

o
ry

m
ak
in
g
fo
r

si
b
lin

g
s,
sc
h
o
o
lv
is
it
s,
an

d
m
o
ti
o
n
al
,s
p
ir
it
u
al
,a
n
d

b
er
ea
ve
m
en

t
su
p
p
o
rt

Pe
d
ia
tr
ic

A
d
va
n
ce
d
C
ar
e

Te
am

5
4

C
lin

ic
al

co
n
su
lt
at
io
n
s
to

th
e
m
ed

ic
al

te
am

an
d

th
e
p
at
ie
n
t
an

d
/o
r
fa
m
ily
,s
et
ti
n
g
u
p
sy
st
em

w
id
e

im
p
ro
ve

m
en

ts
to

ca
ri
n
g
fo
r
ch

ild
re
n
w
it
h

ad
va
n
ce
d
ca
n
ce
r,
ed

u
ca
ti
o
n
to

p
ed

ia
tr
ic
o
n
co

lo
g
y

p
ra
ct
it
io
n
er
s

N
A

N
A

C
lin

ic
al

h
el
p
w
as

p
ro
vi
d
ed

fo
r
in
p
at
ie
n
t,

o
u
tp
at
ie
n
t,
an

d
h
o
m
e
se
tt
in
g
s

Ex
am

p
le
s
w
er
e
p
ro
vi
d
ed

fo
r
sy
st
em

w
id
e

im
p
ro
ve

m
en

ts
:d

ir
ec
t
ad

m
is
si
o
n
p
o
lic
y
an

d
th
e

co
m
fo
rt

co
rn
er

Pl
eu

ro
d
es
is
2
9

Su
rg
ic
al

th
er
ap

y
Pl
eu

ra
l
fl
u
id

w
as

as
p
ir
at
ed

w
it
h
a
sy
ri
n
g
e.

Th
en

,
50

0
m
g
d
o
xy
cy
cl
in
e
w
as

m
ix
ed

w
it
h
40

m
l

n
o
rm

al
sa
lin

e

1
(0
–
19

)c
N
A

Tw
o
p
at
ie
n
ts

(o
n
e
as

yo
u
n
g
as

3
ye
ar
s)

h
ad

re
p
ea
t
p
le
u
ro
d
es
es

w
it
h
50

0
m
g
d
o
xy
cy
cl
in
e
in

ea
ch

p
le
u
ra
l
sp
ac
e

N
A
n
o
t
av
ai
la
b
le
.

a B
as
el
in
e
to

m
ea
su
re
m
en

t
m
o
m
en

t
1.

b
B
as
el
in
e
to

m
ea
su
re
m
en

t
m
o
m
en

t
2.

c F
o
r
ch

es
t
tu
b
e
p
la
ce
m
en

t.
d
C
ar
e
w
as

p
ro
vi
d
ed

b
y
a
m
u
lt
id
is
ci
p
lin

ar
y
te
am

fo
r
al
l
p
ro
g
ra
m
s.

Healthcare interventions improving and reducing quality of life in. . .
V Piette et al.

1073

Pediatric Research (2021) 89:1065 – 1077



the end of life. Mainly children with cancer were studied. Overall
eight medications, ten treatments, and two methods for delivery
of care were found to be studied for QOL in terms of healthcare
interventions. Six healthcare interventions were significantly
associated with improved QOL, and three interventions were
significantly associated with reduced QOL in children with serious
illness at the end of life. In general, certainty of evidence was very
low, mainly due to a lack of measures for bias reduction in cohort
studies. The body of evidence shows fragmented research, as
different outcomes were studied for various healthcare interven-
tions, and the same outcome was rarely studied for the same
intervention, due to which no meta-analysis was not possible.

Interpretation of results
Our systematic review revealed various indications could be made
for appropriate QOL management in children with serious illness
at the end of life.
Electronic symptom monitoring feedback and patient-

controlled interventions are hypothesized to be one of the
cornerstones of appropriate pediatric end-of-life management.
Electronic symptom monitoring feedback was the only healthcare
intervention that reliably improved QOL in children with cancer at
the end of life. It seems that a noninvasive form of QOL
monitoring can hold a place in the provision of appropriate care
for these children. An important element may be the fact the
system was patient controlled, an aspect that is also found in the
multiple patient-controlled analgesia studies within our selection
of papers.36,39 These papers, although not statistically general-
izable due to the methods used, showed mainly associations with
improved QOL. Therefore, besides the importance of symptom
feedback systems being implemented in hospital service for
children, one may also carefully hypothesize that patient-
controlled interventions are an important aspect of appropriate
care in children at the end of life.
Off-label sedative medication and treatments seem to present

adequate symptom control in the population at hand. Both QOL-
increasing medications that emerged from our selection, metha-
done and dexmedetomidine, are sedative in nature, and efficient
in relieving pain, the main troublesome symptom in children at
the end of life.55,56 The main portion of the studies without use of
inferential statistics in this review were also sedative in nature
(propofol, various opioids, nerve blocks, and forgoing of artificial
hydration and feeding). The widespread reporting of sedative
medication use could point to its importance for this population in
terms of appropriate care provision. It is also to be noted that both
significantly effective medications and some non-inferentially
studied interventions are off-label for the pediatric population,
and off-label prescription may be needed in certain children for
appropriate symptom control.
Furthermore, improved breathing could be central to improved

QOL for at least a part of the population. Two lung treatments
were shown to have associations with improved QOL. Dyspnea is
reported to be one of the most disturbing symptoms for children
at the end of life.57

Palliative care interventions seem to be effective for families with
children with serious illness at the end of life when they are
multidisciplinary, provide 24/7 round-the-clock assistance, medical
help for the child, and practical or even emotional help for the
parents. Our summary of results for palliative care interventions
showed that all significant results in this category resulted from
palliative care teams with these characteristics. The clear presence of
practical assistance for parents suggests that the QOL of the child
also increases when parents receive practical and emotional help.
The latter hypothesis is supported by neurodevelopmental research,
which has previously shown co-regulation mechanisms between
parents and children, especially mothers, are associated with child
self-regulation, and this interaction is suggested as a hypothesis to
also be of crucial importance in appropriate pediatric end-of-life

care.58,59 There was one cohort study out of five that indicated some
negative associations of palliative care with QOL, which could be a
result of a measurement error, or the palliative care intervention in
question could have been inappropriate, possibly due to intensive
psychological counseling, which seemingly characterized this
intervention. It could be hypothesized that children at the end of
life cannot handle intensive psychological treatment that only
provides benefits in the long term.
Curative treatment seemingly negatively impacts the QOL of

children at the end of life, although this should be further tested.
Both chemotherapy and stem cell transplant significantly reduced
QOL and were explicitly stated to be of curative nature. In adults,
negative effects of these interventions are often used as an
indicator for inappropriate care, and it is generally believed care at
the end of life in children should avoid disease-oriented
treatment.3,60–63 The majority of parents still prefer chemotherapy
over comfort care at the end of life,64 which probably results from
a parent’s understandable hope that their child will survive, and
highlights the need for measures that indicate when a child has
no realistic chance of survival to assist parents in treatment
decision making. Some traditional disease-oriented treatments
such as chemotherapy are also used as a comfort measure, for
example, to control pain,14 and it is worth investigating which
application forms and doses provide symptom relief.
Lastly, there are indications that end-of-life context and place of

care can influence QOL: hospitalization significantly improved
chances for severe dyspnea in one study we found. However, this
result might also reflect the fact that children with severe
symptoms are more often hospitalized. Hospitalization is con-
sidered stressful for children, but might also provide the only
facility for relief in cases where symptoms are severe.

Study quality and evidence certainty
Evidence certainty was moderate for electronic patient-reported
symptom reporting (measured via RCT) and very low for all other
interventions (cohort studies). RCTs are often not feasible or
ethically permissible for children at the end of life, due to the
vulnerable population. Most studies, therefore, employed non-
interventional, retrospective designs. However, measures that
could control bias in these designs were absent in most cohort
studies, such as controlling for confounders.
Certainty of evidence was low for studies, yet a stringent

quality assessment tool was used (QualSyst), and the standards
of this tool are extremely high. Research in pediatric end-of-life
care research, due to its ethical and practical confinements, will
very rarely score very high on the measures of certainty of
evidence compared to other fields. However low the certainty of
some evidence, it remains important to generate new hypoth-
eses for further research based on the current state-of-the-art
and build theories based on all indications we can gather, rather
than to throw away the baby out with the bathwater. In order to
gain further knowledge in this field without depleting costly
resources and a vulnerable population, hypothesis-driven
research should be thought out in a careful manner that
provides a balance between quality of evidence and practicality
in studying the population at hand. Significant results were
plenty in our selection of studies, and therefore provide ample
opportunity for new research questions and construction of
main indications for appropriate QOL management in children
at the end of life. The overview of evidence in this review allows
us to suggest novel hypotheses based on the current state-of-
the-art end-of-life care research for children. The calculated risks
and sensitivities as a result of a stringent quality analysis
should not lead to the conclusion that no evidence is present,
yet should seek to falsify the hypotheses that are generated
through the current research in order to avoid research waste
and to more rapidly progress research into pediatric QOL
management.
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Research gaps and recommendations emerging from this review
While 20 healthcare interventions have been studied, certain
healthcare interventions have not been studied yet for their
effects, or the results were not published. Some common
healthcare interventions did not surface in our review, such as
gastronomy tubes that the majority of children (67.5%) receive at
the end of life.65

Studies for nonmalignant disorders are lacking: Mainly cancer
patients were studied, while half of child deaths resulting from
serious illness are due to nonmalignant conditions. Parents with
children with nonmalignant conditions report care to be under-
resourced and unresponsive, in contrast to parents of children
with cancer.66

Studies for nonphysical outcomes are lacking: Mostly physical
symptoms were studied. Pain, for example, was researched often
in our review, probably due to systematically available and
routinely employed measures with international scoring boards
(e.g., FACES, the nonverbal pain scale), resulting in widely and
rapidly available data in chart reviews, aside from being the main
symptom children suffer at the end of life.67 However, children
and their parents also indicate psychological, psychosocial, and
existential concerns besides physical ones.57,68

Future research recommendations are methodologically and
content-oriented. Methodologically, more robust, prospective,
interventional research should be conducted. When an RCT is not
feasible, designs should still use necessary measures to control
bias, such as restriction, or matching of the population for
confounders. Confidence intervals should be reported. Outcome
measures validated for the population at hand should be used,
for example, the Pediatric Advanced Care QOL Scale for children
with advanced cancer.69 In order to bypass scarce availability of
the population, the implementation in hospitals of systematic
patient-reported monitoring could be used to create big data
QOL sets and gather more evidence in a systematic manner.9,70

As patient-reported symptom monitoring was shown to be
beneficial for the child’s QOL at the end of life in our review, and
patient-reported outcomes were mentioned in previous research
as an indicator of appropriate child health care,71 patient-
reported outcomes might be used also for research data
collection, providing a database that can be used and spares
children of additional questionnaires, causing the population to
be less overloaded and bypassing recall and parent–child
discrepancy. However, appropriate privacy measures should be
taken in this regard, for example, in the case of adolescent–parent
conflict. Furthermore, clinically ambiguous interventions that are
employed in children at the end of life, for example, antibiotics or
clinical trials, should be looked into for their effect on QOL.
Ideally, the evaluation of interventions is again done via big
databases generated via patient-controlled symptom monitoring
systems. Effective interventions for children with nonmalignant
disorders could be investigated. The hypothesis that practical
support for parents improves QOL of the child, emerging from
interpretation of our results, could be further reviewed or be
incorporated into intervention research.
Practical recommendations for hospital management are that

(self-administered) QOL questionnaires for children are electroni-
cally and systematically implemented into pediatric hospital wards
by boards and management staff, as has previously already been
advocated by previous pediatric oncology research.72 QOL ques-
tionnaire administering has shown to provide benefits in singling
out high-risk patients in other pediatrics fields,73 shown benefits to
improve the mood of children with cancer,19 and could advance
pediatric QOL management as a field considerably by providing
valuable (anonymized) data. Furthermore, patient-controlled inter-
ventions might be implemented routinely into pediatric wards, for
example, by providing patient-controlled analgesia or by providing
tablets for children to fill out daily questionnaires, although
implementation should be carefully monitored.

Practical recommendation for individual case management are
that pediatricians in training are presented with the various
interventions that are possible and for now are shown to be
effective in (some) children with serious illness at the end of life.
Knowledge of the possibility of, for example, sedative/off-label
medication and inhalation therapy can guide the pediatrician with
a more well-equipped toolbelt for the rare and therefore often
difficult symptom management of the dying child, and provide at
least some theoretical grounds for practice.

Strengths and weaknesses
Our systematic review is the first to systematically identify the
quantitative evidence of the effects of healthcare interventions on
QOL and QOL-related measures for children with serious illness at
the end of life. Study execution was meticulous: PRISMA guidelines
were used for protocol and reporting and a Cochrane systematic
review course was followed. The search strategy was validated and
peer reviewed by an Information Specialist. Multiple reviewers
selected studies using predetermined selection criteria. Our review
also has certain limitations. The search strategy was constructed to
be comprehensive, but still might have overlooked studies with
relevant results, which was remedied by hand-searching references
and contacting the first authors for additional papers. No case
studies, qualitative studies or gray literature were included.

CONCLUSION
There are indications that patient-controlled symptom feedback
systems, multidisciplinary palliative care teams, sedative medica-
tion, and treatments directed at ameliorating breathing could
improve QOL for children at the end of life. Curatively oriented
treatments are carefully suggested to reduce QOL for children at
the end of life.
Future research should include hypothesis-driven studies, more

robust designs whenever possible, controlling for confounding,
nonmalignant populations, validated outcome measures, and
inclusion of QOL outcomes in intervention research, in order to
generate more and verify current conclusions about (in)appro-
priate health care for children at the end of life.
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