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ABSTRACT
Background  Adverse events (AEs) cause suffering for 
hospitalised children, a fragile patient group where the 
delivery of adequate timely care is of great importance.
Objective  To report the incidence and characteristics 
of AEs, in paediatric inpatient care, as detected with the 
Global Trigger Tool (GTT), the Trigger Tool (TT) or the Harvard 
Medical Practice Study (HMPS) method.
Method  MEDLINE, Embase, Web of Science and Google 
Scholar were searched from inception to June 2021, without 
language restrictions. Studies using manual record review 
were included if paediatric data were reported separately. 
We excluded studies reporting: AEs for a specific disease/
diagnosis/treatment/procedure, or deceased patients; study 
protocols with no AE outcomes; conference abstracts, 
editorials and systematic reviews; clinical incident reports 
as the primary data source; and studies focusing on specific 
AEs only. Methodological risk of bias was assessed using 
a tool based on the Quality Assessment Tool for Diagnostic 
Accuracy Studies 2. Primary outcome was the percentage 
of admissions with ≥1 AEs. All statistical analyses were 
stratified by record review methodology (GTT/TT or HMPS) 
and by type of population. Meta-analyses, applying random-
effects models, were carried out. The variability of the pooled 
estimates was characterised by 95% prediction intervals 
(PIs).
Results  We included 32 studies from 44 publications, 
conducted in 15 countries totalling 33 873 paediatric 
admissions. The total number of AEs identified was 8577. 
The most common types of AEs were nosocomial infections 
(range, 6.8%–59.6%) for the general care population and 
pulmonary-related (10.5%–36.7%) for intensive care. 
The reported incidence rates were highly heterogeneous. 
The PIs for the primary outcome were 3.8%–53.8% and 
6.9%–91.6% for GTT/TT studies (general and intensive care 
population). The equivalent PI was 0.3%–33.7% for HMPS 
studies (general care). The PIs for preventable AEs were 
7.4%–96.2% and 4.5%–98.9% for GTT/TT studies (general 
and intensive care population) and 10.4%–91.8% for HMPS 
studies (general care). The quality assessment indicated 
several methodological concerns regarding the included 
studies.
Conclusion  The reported incidence of AEs is highly variable 
in paediatric inpatient care research, and it is not possible to 
estimate a reliable single rate. Poor reporting standards and 
methodological differences hinder the comparison of study 
results.

INTRODUCTION
Adverse events (AEs) are costly,1 cause 
suffering for patients, their fami-
lies and for healthcare professionals2 
and have been recognised as a critical 
global healthcare issue.3 4 An AE may be 
defined as unintended physical injury 

WHAT IS ALREADY KNOWN ON THIS 
TOPIC

	⇒ The only available systematic review 
in this area is dated and shows a 
surprisingly low estimate of adverse 
event (AE) incidence. As paediatric 
inpatients are particularly vulnerable 
and run a high risk of exposure to AEs, 
a systematic review examining this 
important knowledge gap is lacking.

WHAT THIS STUDY ADDS

	⇒ This review gives an up-to-date 
estimate of the incidence and variation 
of paediatric inpatient AEs. It also adds 
relevant methodological reflections 
about structured retrospective record 
review methods, as well as their 
application and reporting quality.

HOW THIS STUDY MIGHT AFFECT 
RESEARCH, PRACTICE OR POLICY

	⇒ A better knowledge of the complex 
nature of paediatric AEs is important 
for the development of more targeted 
patient safety interventions to increase 
quality of care and prevent paediatric 
patients suffering AEs. An awareness of 
the current incomplete reporting of key 
elements related to AE data may help 
researchers to improve the quality of 
reporting in future studies.
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resulting from or contributed to by medical care 
that requires additional monitoring, treatment or 
hospitalisation, or that results in death.5 The inci-
dence of AEs varies between contexts (eg, country, 
hospital types, included specialities) and research 
is heavily influenced by the method used. Between 
7% and 40% adult general inpatients are affected 
by AEs. These are often deemed to be preventable, 
indicating that patient safety can be improved.6

Hospitalised children are a fragile patient group. 
Even a low degree of error related to acts of omis-
sions or commissions can affect the child’s health 
and in the long-term risk affecting the child’s devel-
opment and future.7 Patients treated at intensive 
care units run a greater risk of being exposed to 
AEs than general care patients.8 9 Sedation and the 
need for intravascular and/or breathing devices are 
factors associated with AEs in paediatric patients. 
Those patients experiencing AEs are on average 
younger and have a longer length of stay.8

There are various methods for detecting, 
measuring and characterising AEs in healthcare, but 
as yet no gold standard exists.10 A commonly used 
method is structured retrospective record review, 
which includes different approaches, for example, 
the Harvard Medical Practice Study (HMPS) 
method11 12 or the Global Trigger Tool (GTT)5 with 
its subsequent adaptations (Trigger Tools, TTs) 
to be used in different contexts, such as paediat-
rics,13 14 oncology,15 psychiatry16 or home health-
care.17 Record review has been shown to be superior 
in detecting AEs compared with other methods, 
such as incident reporting systems and administra-
tive data.14 18–20

In adult care, several systematic reviews6 21–24 
regarding the identification of AEs using record 
review methodology, with or without meta-analysis, 
have been published. To the best of our knowledge, 
only one systematic review focusing on paediatric 
care has been published.25 This review included 
nine publications, of which six used record review 
data and three used administrative record data, and 
was restricted to a minimum of 1000 patients. The 
admission year for included patients ranged from 
1984 to 2009. This review presents a surprisingly 
low AE incidence. The publications of GTT and TT 
studies in the paediatric context have increased in 
the last 10 years. Therefore, an updated systematic 
review, irrespective of study sample sizes, was indi-
cated. The aim of this systematic review is to report 
the incidence and characteristics of AEs, in paedi-
atric inpatient care, as detected with the GTT, the 
TT or the HMPS method.

METHODS
The review was carried out as a systematic review and 
meta-analysis. The study protocol was uploaded on h 
10.5281/zenodo.5513354.

Information sources and search strategies
The following databases were used for the search: 
MEDLINE, Embase, Web of Science and Google 
Scholar.26 A search strategy was developed with the 
help of librarians, and this encompassed subject head-
ings and free text words that described the popula-
tion, the context, the concept and type of evidence 
source. The search terms used were: Iatrogenic 
Disease, Medical Errors, Patient Harm, adverse event*, 
harm, trigger*, Adolescent, Child, Infant, p?ediatric*, 
neonat*, child*, newborn* infant*, adolescen*, prema-
ture*, preschool, teenager*, Hospitals, Inpatients, 
Hospitalisation, Hospital Units, Hospital Departments, 
hospital*, intensive care, inpatient*, review*, record*, 
chart*, trigger tool and Harvard Medical Practice*. The 
systematic searches were performed between 4 and 8 
June 2021 and no restrictions in language or publica-
tion year were applied. The full search strategy and 
outcomes for the respective database are shown in 
online supplemental material 1, tables S1–S4. Further-
more, the search was supplemented in the data extrac-
tion process with a manual scan of the reference lists 
of eligible publications.

Selection process
Publications that met the following criteria were 
included: (1) Children, all age groups, if cared for in 
paediatric inpatient units; (2) Studies including both 
adults and paediatric patients if the data for paediatric 
patients were reported separately; (3) Peer reviewed 
full text primary publications, reporting relevant quan-
titative outcome data; (4) Studies applying manual 
retrospective medical record review using GTT, TT 
or HMPS methodologies. We accepted all types of AE 
definitions (online supplemental material 1, table S5).

The following exclusion criteria were applied: (1) 
Publications reporting AEs for paediatric patients 
with a specific disease/diagnosis/treatment/procedure 
or who were deceased; (2) Studies in primary care, 
psychiatric care, day care/ambulatory care and emer-
gency departments or other outpatient units at the 
hospital; (3) Study protocols without AE outcome 
data; (4) Publications such as conference abstracts, 
editorials and systematic reviews; (5) Studies using, 
for example, clinical incident reporting systems as the 
primary data source where these incident reports were 
subsequently analysed using record review; and (6) 
Publications reporting only specific AEs, for example, 
adverse drug events (online supplemental material 1, 
table S5).

The first screening step of applying the eligibility 
criteria to titles and abstracts was done independently 
by four reviewers, working in pairs (MU/PD, UF/
LB). Thereafter, eligible full texts were retrieved, 
and the same reviewers independently assessed full 
texts. The reason for exclusion was noted and any 
discrepancies between the individual reviewers were 
discussed in the pairs until consensus was reached. If 
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required, discussion was held with the whole research 
group. Discussions during the selection process mostly 
concerned whether multiple publications on the same 
study were considered as overlapping or not.

Data extraction process
To ensure quality, data were independently extracted 
by two researchers per publication. Data regarding key 
study characteristics (eg, sample size, setting, number 
of hospitals, method used, patient demographics) and 
patient outcomes (incidence, frequencies, preventa-
bility, types, severity) were collected. Authors of 27 
primary studies were contacted by email to request 
additional information to calculate the primary 
outcome or part of the secondary outcomes. Informa-
tion was provided from 17 studies. Any discrepancies 
between reviewers were resolved in the same way as 
in the selection process and a consensus for each study 
was reached. All the studies included were discussed 
at some point within the research group. Discussions 
were either related to the quality assessment, the meth-
odology or interpretation of data.

Quality assessment
To assess the methodological quality of each included 
study, a previously used quality assessment tool (QAT) 
was adapted. This QAT was based on the structure of 
the Quality Assessment Tool for Diagnostic Accuracy 
Studies 2 tool27 and the content of the QAT by Musy et 
al28 and later by Eggenschwiler et al29 (online supple-
mental material 1, page 14). The QAT consists of five 
domains: patient selection, reviewers, record review 
process, outcomes and flow. Each domain includes 
two to three signalling questions which form the basis 
for the assessment of risk of bias and applicability-
related concerns. These were rated as either low, high 
or unclear. Expert knowledge in quality assessments 
and record review methodology guided the adapta-
tions. Examples of adaptations used were revisions 
of the domain record review process with signalling 
questions regarding support and monitoring during 
the review process. Furthermore, the risk of bias and 
applicability-related concerns were also rated as an 
overall judgement for each study (online supplemental 
material 2). The QAT for each study was used by two 
reviewers independently and a consensus was reached.

Primary outcome
A meta-analysis was carried out with the percentage 
of admissions with ≥1 AEs as the primary outcome 
measure.

Secondary outcomes
Secondary outcomes were AEs per 100 admissions, 
AEs per 1000 inpatient days, percentage of prevent-
able AEs, as well as percentage of admissions with 
preventable AEs. In addition, types of AEs and AE 
severity were described.

Statistical analysis
Analyses were conducted using R V.4.1.3 on Linux30 
with the meta31 and metafor32 packages. All statistical 
analyses were stratified, distinguishing general and 
intensive care populations, as these are known from 
the literature to differ in the distribution of AEs.6 22 33 
They were also stratified by the record review meth-
odology used (GTT/TT or HMPS). The categorisation 
of the two populations was based on whether most 
patients were admitted to either general or intensive 
care units. Studies using the HMPS methodology did 
not predominantly include intensive care patients. The 
GTT and TT methodologies were analysed together, 
as these methods share the same conceptual approach.

Where not explicitly reported, we calculated the 
number of admissions with ≥1 AE from the reported 
percentage estimates of admissions with AEs. Similarly, 
we derived the number of patient days by dividing the 
total number of AEs by the reported rate of AEs per 
1000 patient days. Studies using the HMPS method-
ology were excluded from the meta-analyses for AEs 
per 100 admissions and AEs per 1000 patient days. 
Most of these studies included only the most severe 
AE per admission and therefore the estimates were not 
comparable.

We fitted random intercept logistic models, using 
the R metaprop function with the Wilson method for 
CIs for the meta-analysis of the percentage of admis-
sions with ≥1 AE, the percentage of preventable AEs 
and the percentage of admissions with preventable 
AEs.31 For the AEs per 100 admissions and AEs per 
1000 patient days we used random intercept Poisson 
models, fitted with the R metarate function.32

Other systematic reviews on the same topic reported 
I2 values of up to 100%20 21 23. Although frequently 
reported I2 is not valid in the context of single propor-
tions. We decided to characterise the variability of the 
estimates by reporting prediction intervals (PIs).34 35 
The 95% PI quantifies the sample variability and is 
expected to capture estimates from future studies with 
a 95% level of confidence.36 We identified high 
heterogeneity, illustrated by the width of the PIs, 
which is wider than the 95% CI in the presence of 
between-study heterogeneity. Hence, we focused our 
reporting on PIs rather than CIs. Furthermore, we 
investigated heterogeneity via stratified analyses of five 
elements relating to risk of bias and four connected to 
applicability-related concerns. P values, derived from 
the likelihood ratio test for model fit, were consid-
ered statistically significant with a value of p<0.05. 
The PRISMA 2020 guideline for reporting systematic 
reviews was applied.37

RESULTS
Publication retrieval
The database searches yielded 3790 publications of 
which 1317 were duplicates leaving 2473 unique 
publications which were screened by title and 
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abstract. In total, 108 publications underwent full text 
screening, including four publications from reference 
lists. After assessment of eligibility, 64 publications 
were excluded and 44 publications8 11–14 33 38–75 of 32 
unique studies8 11 12 14 33 38–42 45 48–50 53 55 57–68 71–74 were 
included (online supplemental material 1, figure S1). 
As one study55 reported outcomes for both popula-
tions, a total of 33 samples were included, 22 for the 
general care and 11 for intensive care populations.

Study characteristics
The studies were published between 1991 and 2021 
with inclusion periods ranging from year 1984 to 2019 
and 59.4% of the studies were published in the last 
10 years. The study periods ranged from 1 month to 
6 years. The 32 studies originated from 15 countries, 
of which 34.4% were from North America, 28.1% 
from Europe, 18.8% from South America, 9.4% from 
Australia, 6.3% from Africa and 3.1% from Asia. In 
total, 33 873 paediatric admissions (median, 330; 
range: 11–6661) and 124 800 patient days (median, 
2743; range, 87–21 789) were included. A wide vari-
ation of units was found, and 68.8% (n=22) of the 
33 samples included mainly general care (eg, surgical, 
medical) and 34.4% (n=11) included mainly intensive 
care units for paediatric and neonatal patients. Patients’ 
mean age (n=14 studies) varied between 3.0 years to 
7.8 years and mean length of stay (n=17 studies) 2.8 
days to 22.8 days (table 1). Most of the studies (n=28) 
were written in English, three in Spanish and one in 
Portuguese.

Study methodology characteristics
A majority used GTT/TT (n=23, 71.9 %), followed by 
HMPS (n=9, 28.1%). No study published after 2014 
used the HPMS method. The most frequent sampling 
strategy was random (n=26, 81.3%). A majority of the 
32 studies (n=25, 78.1%) were assessed to have used a 
two-stage retrospective record review process and the 
number of triggers/screening criteria varied between 
14 and 88. Twenty-six (81.3%) described training 
prior to the review process (table  2) and 12 studies 
used test records.

Seven studies (21.9%) had teams where the whole or 
part of the team had prior experience in record review 
methodology and seven studies (21.9%) reported 
support during the review process, such as expert 
consultation. Ten studies (31.3%) described a moni-
toring process to ensure completeness, consistency and 
accuracy (data not shown).

Both acts of omissions and commissions were 
included in 53.1% (n=17) of the studies and 78.1% 
(n=25) included ≥1 AE per patient. Outcomes for 
inter-rater reliability, using double reviews, were 
reported in 53.1% (n=17). Of those, kappa values 
were reported in five (26.3%) studies, percentage 
agreement in four (21.1%), and both measures in 
eight (42.1%). Half of the studies included AE(s) that 

occurred both before, during and after index admis-
sion, and eight studies (25.0%) didn’t specify the time 
frame for inclusion. The GTT manual’s AE definition 
or similar was used in 17 studies (53.1%) and the 
HMPS definition or similar in 10 (31.3%) (table 2), 
and 77.8% (n=25) of these had a reference to their 
AE definition. Preventability was assessed in 19 studies 
(59.4%) (table 2).

AE descriptions
The total number of identified AEs was 8577 (range 
0–34 per patient) in 33 samples, 3459 (range 0–27 
per patient) in the general care population (13 GTT/
TT and 9 HMPS samples) and 5118 (range 0–34 per 
patient) in the intensive care population (11 samples). 
Preventability was reported in 16 samples (48.5%) 
with a total of 3785 identified preventable AEs (online 
supplemental material 1, table S6).

The most common types of AEs in general care 
(n=9 studies) were nosocomial infections (range, 
6.8%–59.6%), medication-related (2.3%–48.6%) and 
surgical-related (0.9%–30.5%). Pulmonary-related 
(10.5%–36.7%), nosocomial infections (6.6%–40%) 
and medical technical product-related (1.3%–30.8%) 
were the most common types of AEs in intensive care 
(n=8 studies) (table 3).

Twenty-one studies assessed and described the 
severity of paediatric AEs. A majority of these (71.4%, 
n=15) used a modified version of the National Coor-
dinating Council for Medication Error Reporting and 
Prevention (NCC MERP) Scale (online supplemental 
material 1, table S6). The studies assessing severity by 
the modified NCC MERP Scale, irrespective of popu-
lation, had a range for minor consequences, category 
E, between 16.5% and 88.4% (mean, 56.9%); major, 
category F, 0.0% and 62.7% (28.9%); permanent, 
category G, 0.0% and 14.8% (4.0%); life-threatening, 
category H, 0.0% and 28.9% (7.4%) and death, cate-
gory I, 0.0% and 15.7% (2.7%). The intensive care 
population had a mean of 11.7% for the two most 
severe categories—life-threatening and death, whereas 
the general care population had a mean of 3.1%.

Meta-analyses
The forest plot in figure 1 shows the primary outcome, 
that is, percentage of admissions with ≥1 AEs for 32 
out of 33 samples. The range of percentage of admis-
sions ≥1 AEs for GTT/TT was 6.1%–38.0% and 
16.2%–83.9% for general and intensive care and the 
equivalent for HMPS was 0.0%–19.0%. The pooled 
estimates for the GTT/TT (general and intensive care 
populations) were 17.7% (95% PI 3.8%–53.8%) and 
47.3% (95% PI 6.9%–91.6%), respectively, and 3.9% 
(95% PI 0.3%–33.7%) for the HMPS (general care). 
There was a statistically significant difference in the 
pooled estimates between the two populations within 
the GTT/TT methodology (p=0.0003).
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Online supplemental material 1, figures S2–S5 
present forest plots for the secondary outcomes. In 24 
samples (GTT/TT), AEs per 100 admissions (general 
care, range 6.8–93.8; intensive care, 30.2–325.0) were 
supplied or could be calculated. The pooled estimate 
for the general care population was 24.8 AEs per 
100 admissions (95% PI 4.2–145.2) and 103.6 AEs 
per 100 admissions (95% PI 5.3–699.7) for intensive 
care (table  4; online supplemental material 1, figure 
S2). An overview of the pooled estimates and related 
measures for the primary and secondary outcomes is 
shown in table 4.

In 22 samples (GTT/TT), AEs per 1000 patient days 
varied between 15.5 and 390.8 for general care and 
22.6 and 599.1 for intensive care. The pooled esti-
mates for AEs per 1000 patient days were 48.3 (95% 
PI 5.9–393.1) and 126.2 (95% PI 6.4–2495.1) for 
general care and intensive care, respectively. Half of 
the studies for intensive care had over 100 AEs per 
1000 patient days (range 195.7–599.1) (table 4; online 
supplemental material, figure S3).

Of the 16 samples that reported preventability, the 
pooled percentage of preventable AEs for GTT/TT 
(general and intensive care populations) was 58.6% 
(95% PI 7.4%–96.2%) and 67.4% (95% PI 4.5%–
98.9%). The corresponding for the HMPS was 53.2% 
(95% PI 10.4%–91.8%) (table 4; online supplemental 
material, figure S4). The pooled percentage of admis-
sions with preventable AEs (12 samples) was for the 
GTT/TT (general and intensive care) 7.3% (95% PI 
0.0%–100.0%) and 25.0% (95% PI 2.5%–81.3%) 
and for HMPS 2.3% (95% PI 0.0%–59.3%) (table 4; 
online supplemental material, figure S5).

Quality assessment and sensitivity analysis
Several methodological concerns were identified 
during the quality assessment process.

Concerning overall assessments, risk of bias was 
assessed as high in 85% compared with 44% in the 
9 GTT/TT and 13 HMPS studies for the general 
population and 100% for the intensive care popula-
tion (n=10, GTT/TT). When compared with GTT/
TT studies, HMPS studies more frequently had both a 
low risk of bias with low applicability concerns at the 
domain level (online supplemental material 1, table 
S7, figures S6-S7).

The stratified analysis exploring heterogeneity was 
based on the quality assessment and percentage of 
admissions with ≥1 AE as the outcome. Lower AE 
outcomes were detected where the risk of bias was 
rated as high or unclear in the domain ‘record review 
process’ than in those with a low risk of bias for general 
care (GTT/TT) (online supplemental material 1, figure 
S8). For the HMPS methodology, variation is driven 
by the unclear category, which hampers interpretation 
(online supplemental material 1, figure S9). For the 
intensive care population, studies with high risk of bias 
detected lower levels of AEs in the domain ‘patient Fi
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Figure 1  Forest plot of percentage of admissions with ≥1 adverse event (AE) for general care and intensive care populations and methodology, ordered 
by sample size. $ Sum of subgroups. ¥ Calculation of number of admissions with AEs. ¢ Scored 2–6 on the causation scale compared with 4–6 for other 
studies using this scale to determine whether an AE was caused by healthcare management rather than the patient’s disease. GTT, Global Trigger Tool; 
HMPS, Harvard Medical Practice Study; TT, Trigger Tool.
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selection’ than those rated as low risk of bias (online 
supplemental material 1, figure S10). In all three strata, 
high risk of bias for the domain ‘outcomes’ was typi-
cally associated with higher AE rates compared with 
low risk of bias. Nevertheless, the limited sample size 
does not provide enough evidence to draw any solid 
conclusions.

DISCUSSION
We conducted a systematic review and a meta-analysis, 
consisting of 32 studies with 44 publications exam-
ining the incidence and characteristics of AEs detected 
using three commonly used record review methods 
(GTT, TT and HMPS). Nosocomial infections were 
common in both populations and most of the AEs 
were less severe. There was substantial between-study 
heterogeneity and overall high risk of bias in most 
studies. The PIs for the primary outcome for GTT/TT 
studies were 3.8%–53.8% and 6.9%–91.6% (general 
care and intensive care populations) and 0.3%–33.7% 
for the HMPS studies (general care). The PIs for the 
percentage of preventable AEs for GTT/TT studies 
were 7.4%–96.2% and 4.5%–98.9% (general care and 
intensive care) and the equivalent for HMPS studies 
was 10.4%–91.8%.

Incidence and characteristics of adverse events in 
paediatric inpatient care
Our review confirms substantial heterogeneity 
between general care and intensive care studies, as 
well as between methodologies (GTT/TT and HMPS). 
However, the results also display a high level of heter-
ogeneity within populations. The degree of hetero-
geneity is in accordance with previously published 
systematic reviews.22 23 25 76 The majority of studies 
were judged to be at high risk of bias, which also 
lowers the trust we place in the summary estimates. 
Therefore, caution is needed when drawing conclu-
sions from the pooled data of the combined studies. 
We urge the reader to focus on the given PIs when 
interpreting the pooled data.

Berchialla et al25 focused solely on paediatric inpa-
tient AEs in their systematic review and reported a 
pooled incidence of AEs at 2.0%. This is lower than the 
pooled incidence of admissions with ≥1 AE using the 
GTT/TT methodology, shown in the present review: 
17.7% for the general care population and 47.3% for 
the intensive care population. However, it is in line 
with the 3.9% for studies conducted using HMPS 
methodology. Their inclusion of studies using only the 
HMPS’s AE definition may partly explain the differ-
ence, as the threshold for inclusion of an AE is higher 
due to the requirement of temporary or permanent 
disability, death or increased length stay. This could 
have led to minor, but perhaps commonly occurring 
AEs, being excluded with the risk of underestimation 
of AEs as a consequence.Ta
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Sauro et al23 included, in addition to record review, 
other data collection methods, and found a pooled 
estimate of 1.4 AEs per 100 paediatric admissions and 
up to 11.9 AEs per 100 admissions in adult care. This 
is also considerably lower than our corresponding esti-
mate for GTT/TT studies at 24.8 and 103.6 (general 
care and intensive care populations) AEs per 100 
admissions. On the other hand, a newly published 
systematic review29 including GTT/TT studies in 
general care reported a pooled incidence of 30.0 AEs 
per 100 adult admissions which is higher compared 
with our findings in the general care population.

Half of the studies assessed and reported prevent-
ability, both for general and intensive care, and around 
60% of AEs were identified as preventable. However, 
as discussed by Hibbert et al,6 the assessment of 
preventability is a subjective judgement and compar-
ison between studies is to be done with caution. This, 
therefore, is a methodological limitation. Panagioti et 
al22 included both adult and paediatric populations 
and showed an overall pooled prevalence of 6% for 
preventable AEs. This is in line with our preventability 
estimates in GTT/TT studies of 7.3% for admissions 
in general care but is higher compared with the 2.3% 
found in the HMPS studies. However, we found a 
pooled estimate of 25% for preventable AEs for inten-
sive care compared with 18% in the study by Panagioti 
et al.22

A longitudinal retrospective record review study 
indicated an increased frequency of AEs over time, 
where one explanation was the increased number of 
patients with less complex conditions receiving day 
and outpatient care instead of inpatient care. This leads 
to an increased proportion of seriously ill patients in 
hospitals, and this may affect the AE rates for inpatient 
care.77

Important aspects of the variation in AE rates are 
the context and case mix of patients such as inclusion 
of units, medical specialities, hospital types, academic 
level of the hospital, patient age and comorbidity, and 
level of care. In both general care and intensive care 
populations, nosocomial infection was among the 
most common type of adverse event, also identified as 
one of the main causes of morbidity and mortality for 
paediatric inpatients.78 Paediatric patients have many 
risk factors for infections related to, among other 
things, immunodeficiencies and poor skin barrier. 
Skin harm is a predisposing factor for nosocomial 
infections,79 and was the overall third most common 
type of AEs in the current review. It is important to 
keep in mind the considerable variation regarding the 
taxonomy of reported types of AE used, which makes 
comparisons between studies difficult.

Study methodology
The use of record review methodology for specific 
populations seems to have increased over the last few 
decades. All studies conducted solely in the intensive 

care population were conducted after 2006 and a vast 
majority in the last 10 years.

We could not sufficiently explain the heteroge-
neity in the primary outcome using the quality of the 
studies. Insufficient reporting affected the risk of bias 
and applicability-related concerns negatively. The high 
risk of bias for the domain ‘outcomes’ was typically 
associated with a higher percentage of admissions with 
an AE. Sauro et al23 reported, in accordance with our 
findings, a significantly higher pooled estimate of AEs 
for lower-quality studies. Furthermore, they showed, 
in consistency with the current study, that the presence 
of AEs at admission was unclear.

Many methodological limitations and reasons for 
the variations of AE outcomes in published studies 
have been suggested, for example, patient record docu-
mentation, the experience of the review team, quality 
assurance activities, inclusion criteria, AE definitions, 
choice of triggers and time frame for inclusion of AEs.6 
Apart from the researchers’ adaptations, some varia-
tions may be explained by the different record review 
methods. Although, it would have been very interesting 
to analyse the variation based on the different method-
ological applications, it was outside of the scope of this 
review. In a recently published meta-analysis for adult 
inpatients, some of the variation could be explained 
by those methodological aspects (type of hospital 
included, age of sample included and experience of 
the review team).29

Another aspect is that variables that might affect 
the estimates of AE outcomes were not always clearly 
specified in the studies, for example, the time frames 
for AE inclusion. As a consequence, data extractors 
made interpretations based on triggers, for example, 
hospital readmission within 30 days. Another example 
is the inclusion of acts of commissions and/or omis-
sions which was often not explicitly specified in the 
studies. GTT and TT studies following the Institute for 
Healthcare Improvement’s manual exclude AEs related 
to acts of omission which could lead to an underes-
timation of AEs. Wilson et al12 found in their study 
that acts of omission were nearly twice as common as 
acts of commission. Hibbert et al6 suggest that several 
additional variables should be included when using 
GTT, for example, omissions, preventability and other 
characterisations, to get a better understanding of 
AEs. This suggestion is in accordance with the HMPS 
methodology, where AEs are categorised to a higher 
extent compared with GTT. To summarise, as many 
studies use minor adaptations of the record review 
process,19 80 the reporting of AEs would benefit from a 
standardised guideline. This would decrease the meth-
odological heterogeneity, thereby increasing replica-
bility, interpretations and comparisons.

Clinical implications
Despite variations between inpatient care, AE outcomes 
and measurements, the high incidence of AEs and 
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percentage of preventable AEs indicate that there is 
more to be done regarding patient safety interventions. 
Zegers et al81 made an umbrella review concerning 
evidence-based interventions to reduce inpatient AEs 
and they conclude a need for more high-quality studies 
to determine what interventions will have the most 
positive impact on patient safety. However, they state 
that there is evidence available for interventions to 
prevent infections, falls, delirium, adverse drug events, 
cardiopulmonary arrest and mortality. Furthermore, 
the measurement of AEs must be incorporated as part 
of the learning system within healthcare organisations 
and be connected to evidence-based interventions and 
evaluation of these as part of the continuous improve-
ment work as measurement alone does not create safe 
care.82

Strengths and limitations
The adoption of a robust search strategy using several 
databases with no limitations in publication dates or 
language of publication lessens the likelihood that 
important studies were missed and may have changed 
the estimates in a significant way. However, the possi-
bility of missing potentially relevant studies meeting 
the inclusion criteria is always present as we did not 
search for ‘grey’ literature. We did not use funnel plots 
to explore publication bias or other biases associated 
with small study size, as patterns of publication bias in 
the field of single-arm studies reporting proportions is 
not well understood and also because funnel plot anal-
yses can lead to inaccurate conclusions.83A rigorous 
approach was adopted to the screening and data 
extraction process, as well as the assessment of bias 
and applicability. The large number of studies included 
further strengthens the study. We also contacted the 
authors for several of the studies where vital variables 
were missing. This led to fewer variables being catego-
rised as not specified and therefore fewer studies were 
excluded from the meta-analyses.

One limitation is that the exclusion criteria disqual-
ified studies with, for example, only automated AE 
detection, those including only outpatients or studies 
focusing on a specific diagnosis, treatment, or AE such 
as adverse drug events. This could have reduced the 
number of eligible studies and the final sample size 
as estimates could differ from estimates in a wider 
population. Concerning generalisability, most studies 
were conducted in Europe, as well as North and South 
America. Last but not the least, critically ill patients 
need complex care, which puts them at risk for AEs.3 
As previously stated, paediatric patients run a high 
risk for AEs during inpatient care, in general care, 
but specifically in intensive care.7 Some of the hetero-
geneity within the general care population might be 
explained by the fact that several studies in the general 
care population also included intensive care patients 
to some extent. We choose to include a heterogeneous 
group of studies to provide estimates of paediatric 

inpatient AEs to represent the diversity of hospital 
settings, as well as to include the three most common 
record review methodologies.

For the reporting of the meta-analysis, we have taken 
the decision to not report on I2 values. This measure 
can be used to compare statistical heterogeneity but 
not clinical heterogeneity.84 Rücker et al84 recom-
mends using τ2 to assess clinical heterogeneity. IntHout 
et al34 go a step further and recommend presenting 
PIs instead, as it is presented on the same scale as the 
outcome measure in contrast to τ2 or I2. Therefore, we 
opted to provide PIs as measures of heterogeneity.

We acknowledge a deviation from the published 
study protocol, as we changed our primary outcome 
measure during the data-extraction phase, before 
conducting any statistical analyses. The percentage 
of admissions with ≥1 AE was chosen instead of AEs 
per 100 admissions, because this was the only measure 
with which we could directly compare the two meth-
odological groups of GTT/TT and HMPS.

CONCLUSION
This review demonstrates a large between-study vari-
ation in estimates of the incidence of paediatric AEs. 
It also highlights the importance of a thorough under-
standing of the complex nature of AEs, and the sources 
of variation and of bias. The current lack of reporting 
standards in this field impedes comparison of study 
results. To advance the field of record review meth-
odology, new reporting and risk of bias guidance tools 
are needed to enhance both comparability and overall 
quality of the studies and to maximise impact of study 
findings.
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Databases, search strategies and outcomes 

The search strategy was constructed, based on the search query with the eligibility criteria. 

The final search strategy was constructed and validated in MEDLINE. The last author 

compiled a test set of relevant publications, the final search strategy was constructed to 

identify at least 95% of these citations. The search strategy in MEDLINE was then translated 

for use in the remaining databases and was also validated against the test set. All steps were 

carried out by information specialists except for the EMBASE database search which was 

performed by AWSR. Duplicates were excluded in accordance with Bramer et al.1 de-

duplication method for EndNote. The search strategies and their outcomes for Medline, 

Embase, Web of Science and Google Scholar are presented in tables S1-S4.  

 

Table S1 Ovid Medline database search, ALL 1946 to 2nd June 2021, search date 4th June 2021 

Search terms Items found 

Concept 
1.  exp Iatrogenic Disease/ 78 011 
2.  exp Medical Errors/ 116 321 
3.  exp Patient Harm/ 182 
4.  adverse event*.tw. 175 944 
5.  harm.tw. 51 945 
6.  trigger*.tw. 304 989 
7.  or/1-6 715 698 

Population 
8.  exp Adolescent/ 2 094 701 
9.  exp Child/ 1 972 385 
10.  exp Infant/ 1 170 419 
11.  p?ediatric*.tw. 377 272 
12.  neonat*.tw. 277 105 
13.  child*.tw. 1 452 803 
14.  newborn*.tw. 167 883 
15.  infant*.tw. 420 148 
16.  adolescen*.tw. 296 962 
17.  premature*.tw. 135 272 
18.  preschool.tw. 25 704 
19.  teenager*.tw. 14 859 
20.  or/8-19 4 421 231 

Context 
21.  exp Hospitals/ 285 846 
22.  exp Inpatients/ 23 916 
23.  exp Hospitalization/ 257 553 
24.  exp Hospital Units/ 118 753 
25.  exp Hospital Departments/ 190 887 
26.  hospital*.tw. 1 374 930 
27.  intensive care.tw. 156 013 
28.  inpatient*.tw. 116 945 
29.  or/21-28 1 815 773 

Types of evidence source 
30.  (review* adj5 (record* or chart*)).tw. 124 371 
31.  trigger tool.tw. 287 
32.  Harvard Medical Practice*.tw. 26 
33.  or/30-32 124 533 

Combined sets / Limits: publication year, language 
34.  7 and 20 and 29 and 33 1389 
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Table S2 Ovid Embase database search, 1974 to 7th June 2021, search date 8th June 2021 

Search Terms Items found 

Concept 
1.  exp iatrogenic disease/ 888 950 

2.  exp medical error/ 147 543 

3.  exp patient harm/ 2122 

4.  adverse event*.tw. 314 703 

5.  harm.tw. 69 071 

6.  trigger*.tw. 390 929 

7.  or/1-6 1 663 470 

Population 
8.  exp adolescent/ 1 590 228 

9.  exp infant/ 1 024 663 

10.  exp child/ 2 741 828 

11.  p?ediatric*.tw. 589 425 

12.  neonat*.tw. 360 500 

13.  child*.tw. 1 825 708 

14.  newborn*.tw. 196 148 

15.  infant*.tw. 480 946 

16.  adolescen*.tw. 387 560 

17.  premature*.tw. 177 034 

18.  preschool.tw. 30 071 

19.  teenager*.tw. 20 975 

20.  or/8-19 4 416 514 

Context 
21.  exp hospital/ 1 202 608 

22.  exp hospital patient/ 195 246 

23.  exp hospitalization/ 411 147 

24.  exp child hospitalization/ 11 187 

25.  exp "hospital subdivisions and components"/ 586 726 

26.  exp hospital department/ 23 929 

27.  hospital*.tw. 2 105 252 

28.  intensive care.tw. 228 605 

29.  inpatient*.tw. 197 436 

30.  exp hospital infection/ 48 667 

31.  or/21-30 2 884 244 

Types of evidene source 
32.  (review* adj5 (record* or chart*)).tw. 228 720 

33.  trigger tool.tw. 449 

34.  Harvard Medical Practice*.tw. 35 

35.  or/32-34 228 986 

Publication type 
36.  Conference Abstract.pt. 4 102 339 

37.  Editorial.pt. 692 899 

38.  or/37-38 4 795 238 

Combined sets 
39.  and/7,20,31,35 3295 

40.  39 not 38 1658 
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Table S3 Web of Science database search, indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI 
Timespan=All years, search date 4th June 2021 

Search Terms Items found 

Concept 
1.  TS=(iatrogenic) 26 603 
2.  TS=("adverse event*") 175 510 
3.  TS=(harm) 100 701 
4.  TS=(trigger*) 450 002 
5.  #4 OR #3 OR #2 OR #1 745 154 

Population 
6.  TS=(p$ediatric*) 427 520 
7.  TS=(neonat*) 283 334 
8.  TS=(child*) 1 903 734 
9.  TS=(newborn*) 152 320 
10.  TS=(infant*) 449 274 
11.  TS=(adolescen*) 484 521 
12.  TS=(premature*) 151 696 
13.  TS=(preschool) 52 943 
14.  TS=(teenager*) 20 423 
15.  #14 OR #13 OR #12 OR #11 OR #10 OR #9 OR #8 OR #7 OR #6 2 894 445 

Context 
16.  TS=(hospital*) 1 179 674 
17.  TS=("intensive care") 170 727 
18.  TS=(inpatient*) 122 042 
19.  #18 OR #17 OR #16 1 339 227 

Types of evidene source 
20.  TS=(review* NEAR/4 (record* OR chart*) ) 111 024 
21.  TS=("trigger tool") 406 
22.  TS=("Harvard Medical Practice*") 83 
23.  #22 OR #21 OR #20 111 349 

Combined sets / Limits: publication year, language 

24.  #23 AND #19 AND #15 AND #5 643 

 

 

Table S4 Google Scholar database search, (include citations), the first 100 publications were included in the 
screening process, search date 4th June 2021 

Search string Items found 

((iatrogenic OR "adverse event*" OR harm OR trigger*) AND (pediatric* OR paediatric* 
OR neonat* OR child* OR newborn* OR infant* OR adolescen* OR premature* OR 
preschool OR teenager*) AND (hospital* OR "intensive care" OR inpatient*) AND 
("trigger tool" OR "Harvard Medical Practice*"))  

2290 
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Eligibility criteria  

The inclusion and exclusion criteria for publications are shown in table S5.  

Table S5 Eligibility criteria in hierarchical order 

 Inclusion Exclusion 

Population - Children, all age groups, if they have been 
cared for at a paediatric inpatient unit  

- Studies addressing both adults and children 
if data provided for children are reported 
separately 

 

- Studies reporting adverse events (harm) for 
children with a specific disease, diagnosis, for 
example, rheumatoid arthritis or children 
undergoing specific treatments or procedures as 
intubation, x-ray as well as only deceased 
patients 

Context - Hospitalized patients, acute care settings, 
both acute and elective admissions 

- All levels of inpatient care  
- All types of specialties   
 

- Primary care, psychiatric care, day care/ 
ambulatory care 

- Emergency departments or other outpatient 
units at the hospital 

Types of 
evidence 
source 

- Peer reviewed full text primary studies, 
reporting relevant quantitative outcome data 

- Applied manual retrospective medical 
record review using Global Trigger Tool, 
Trigger Tool or Harvard Medical Practice 
Study methodologies as data collection 
methods 

- No restriction in language  
- No restriction in publication years  
 

- Study protocols with no AE outcome published 
- Conference abstracts and editorials  
- Systematic reviews 
- Studies using, for example, clinical incident 

reporting systems as the primary data source 
and later these incident reports are analysed 
using record review 

Concept - All studies irrespective of which adverse 
event definition was used  

- Studies reporting only specific adverse events, 
for example, adverse drug event 
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Table S6 Adverse event (AE) outcomes and characteristics 

First author, 
publication year 

Admissions 
with AE 
n (%) 

Admissions 
with  
preventable 
AE, n (%) 

AEs/ 100 
admissions 

AEs/ 1000 
patient days 

Number of 
AEs range 

Number of 
preventable 
AEs (%) range  

Reporting 
type of 
AEs 

Severity outcome of AEs 

General care population, GTT/TT methodology 
Chapman, 2014 3 567 (14.2) NA 25.1† NS 1001, 0–10 NA Yes Minor, 60.4%; major, 31.8%; permanent, 1.8%; life 

threatening, 4.3%; death, 1.7%¶ 

Davenport, 2017 4 43 (21.5†) NA 26.0 30.8 52, 0–8 NA Yes Minor, 40.0%; major, 46.0%; permanent, 1.9%; life 

threatening, 9,6%; death, 1,9%¶ 

Fajreldines, 2019 5 26 (8.2) NA 11.0 15.5 35, NS NA Yes Minor, 54.3%; major, 40.0%; permanent, 0%; life threatening, 

5.7%; death, 0%¶ 

Kirkendall, 2012 6 62 (25.8) NA 36.7 73.0† 88, NS NA No Minor,76%; moderate, 22%; permanent, 0%; life threatening, 

2%; death, 0%¶ 

Matlow, 2012 7-9 
(general care) 

218 (6.1†) 99 (2.8†) 6.8† 16.4† 242, NS NS Yes Minor, 16.5%; major, 62.7%; permanent, 6.1%; life 

threatening, 9.0%; death, 2.5%¶ Φ 

Paredes Esteban, 
2015 10 

31 (32.6) NS 45.3† 105.9 43, 0-5 NA Yes Minor, 88.4%; major, 11.6%; permanent, 0%; life threatening, 

0%; death, 0%¶ 

Salimath, 2020 11 12 

19 
159§ (30.6†) NS 35.0 66.4 182, NS NA No Minor, 58.8%; major, 23.6%; permanent, 12.1%; life 

threatening, 5%; death, 0,6%¶ 

Shah, 2009 13 14 19 (38.0) NS 68† 390.8 † 34, NS NA Yes Minor, 76.5%; major, 23.5%; permanent, 0.0%; life 

threatening, 0.0%; death, 0.0%¶ 

Solevåg, 2014 15 41 (8.3†) NS 8.3† 20.5† 41, 0–1 NA No NS separately for inpatients 

Stockwell, 2015 16 146 (24.3) NS 40.0 54.9 240 (NS) 108 (45.0), NS Yes Minor, 68.5%; major, 20.4%; permanent, 0.4%; life 

threatening, 10%; death, 0,4%¶ 

Stockwell, 2018 17 18 303† (8.0) 170† (4.5) 10.9 19.0 414, NS 210 (50.7), NS Yes Minor, 52.7%; major, 35.3%; permanent, 1.2%; life 

threatening, 10.1%; death, 0.7%¶ 

Stroupe, 2018 19 14 (14.0†) NS 20.0 48.7 20, 0–3 11 (55.0), NS No Minor,60%; major, 35%; permanent, 0%; life threatening, 0%; 

death, 5%†¶ 

Unbeck, 2014 20 204 (34.0) 161 (26.8) 93.8† 101.3† 563, 0–27 442 (78.5),  
0–22  

No NS 

General care population, HMPS methodology 

Brennan, 1991 21-23 86 (1.3†) NA 1.3† NS 86, 0–1 NA No NS for paediatric population 

Davis, 2002 24-26 102* (7.6†) 29*§ (2.1†) 7.6* 24.7†*§ 102, 0–1 29 (28.4), 0–1 No Permanent disability€ or death for 0-14 years, 6.9%; 

permanent disability€ or death for new-born/neonates, 2.9% 
Letaief, 2010 27 22 (19.0†) NS 19† NS 22, 0–1 NS No NS for paediatric population 

Requena, 2011 28 24 (3.6) NS 4.4† 8.7 29, NS 19 (65.5), NS Yes Minor, 31.0%; moderate, 55.2%; severe, 0.0% 
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Sommella, 2014 29 0 (0.0†) NS 0.0† NS 0, 0–0 NA No NA 

Soop, 2009 30 8 (5.0†) 4.4 5.0 NS 8, 0–1 7 (87.5), 0–1 No NS for paediatric population 

Wilson, 1995 31 218*§ (10.8†) 106*§ (5.2†) 10.8* 25.1* 218, 0–1 106 (48.6), 0–1 No Minimal impairment×, 7.1%; moderate impairment‡, NS; 

permanent disability€, NS; death, 0%; unclear, NS 

Woods, 2005 32-34 39 (1.0) 22† (0.6) 1.0† NS 39, 0–1 22 (56.4), NS Yes NA 

Zegers, 2009 35 36 7 (2.1†) NS NS NS NS NS No NS 

Intensive care population# 

Agarwal, 2010 37 454 (61.9) 278§ (37.9†) 202.7† 286.1† 1488, 0–34 683 (45.9),  
0-20 

Yes Major + severe + death, 27%; severe + death, 10.0% 

Barrionuevo, 2010 
38 

82 (16,9) NS 30.2† 22.6† 146, 0–8 142 (97.3), NS Yes Without risk of patient’s death, 65%; death, 5.6%† 

Hooper, 2014 39 33 (55.9) NA 166.1† 599.1† 98, NS NA Yes Insignificant, 21% and 15%; minor, 32% and 36%; moderate, 
35% and 37%; major, 7% and 9%; catastrophic, 4% and 3% 

Jorro-Baron, 2021 40 570§ (38.9†) 444§ (30.3†) 93.8† 86.7† 1374, NS 992 (72.2), NS No NS 

Larsen, 2007 41 152 (58.7) 88 (34.0) 195.8† 527† 507, NS 183 (36,1), NS No Minor patient harm, 80%; moderate patient harm, 17%; 
serious harm, 3%  

Matlow, 2012 7-9  
(ICU cohort) 

19 (16.2†) 7 (6,0†) 31.6† 23.5† 37, NS NS No NS 

Maziero, 2020 42 22 (27.8†) NA 38.0† NS 30, NS NA Yes NA 

Sharek, 2006 43 NS NS 74.0 32.4 554, 0–11 312 (56.3), NS Yes Minor,60%; major, 17.3%; permanent, 6.5%; life threatening, 

6.5%; death, 9.7%¶ 

Ventura, 2012 44 183 (83.9†) NS 265.6† 195.7 579, NS 504 (87.0), NS Yes Minor, 40.0%; major, 36.0%; permanent, 14.8%; life 

threatening, 9.2%; death, 0.0%¶ 

Verlaat, 2018 45 20 (41.7†) 13 (27.1†) 93.7† 74† 45, 0–7 15 (33.3), NS Yes Minor, 44.4%; major, 0.0%; permanent, 11.1%; life 

threatening, 28.9%; death 15.6%†¶ 

Vermeulen, 2014 46 61 (76.2†) NA 325.0† 507.8 260, NS NA Yes NA 

† Calculations are made. 
* Scored 2–6 on the causation scale compared to 4–6 for other studies using this scale to determine whether an AE was caused by healthcare management rather than the patient´s disease. 
§ Additional data from authors. 
× Minimal impairment, temporary disability < 1 month. 
‡ Moderate impairment, temporary disability 1-12 months. 
€ Permanent disability: Davis et al. included <50% of function and > 50% of function; Wilson et al. included AEs which caused permanent impairment, or which resulted in permanent institutional or  
   nursing care or death. 

Φ Outcome for total cohort and the NCC MERP scale as two severity scales were used. 

# Studies using the HMPS methodology did not predominantly include intensive care patients. 
¶ Modified version of the National Coordinating Council for Medication Error Reporting and Prevention (NCC MERP) scale according to the Institute for Healthcare Improvement’s manual for the 
Global Trigger Tool, that classifies level of harm from category E to I where E represents “temporary harm to the patient and required intervention”; F “temporary harm to the patient and required 
initial or prolonged hospitalization”; G “permanent patient harm”, H "intervention required to sustain life"; I “patient death”. NCC MERP E-I is categorised, due to the studies´ individual interpretation 
of the scale as: E= minor, F= major, G= permanent, H= life threatening, I= contributed to or resulted in patients’ death.   
AE, adverse event; GTT, Global Trigger Tool; HMPS, Harvard Medical Practice Study; ICU, intensive care unit; NA, not applicable, did not include preventability and/or severity, NS, not specified; 
TT, Trigger Tool. 
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Figure S2 Forest plot of adverse events (AEs) per 100 admissions by general care respective intensive care population, 

ordered by sample size (GTT/TT). 3-20 28 37-46 
GTT, Global Trigger Tool; TT, Trigger Tool.  
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Figure S3 Forest plot of adverse events (AEs) per 1000 patient days by general care respective intensive care population, 

ordered by number of patient days (GTT/TT). 4-20 27 28 37-41 43-46 
£ Calculation of total number of hospital days. 

GTT, Global Trigger Tool; TT, Trigger Tool. 
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Figure S4 Forest plot of percentage of preventable adverse events (AEs) by general care respective intensive care population 

and methodology, ordered by number of AEs.16-20 24-26 28 30-34 37 38 40 41 43-45 

# Calculation of total number of AEs. 

& Calculation of number of preventable AEs. 

¢ Scored 2–6 on the causation scale compared to 4–6 for other studies using this scale to determine whether an AE was 
caused by healthcare management rather than the patient´s disease. However, the number of preventable AEs are the ones 

scored 4–6 on the preventability scale.  

GTT, Global Trigger Tool; HMPS, Harvard Medical Practice Study; TT, Trigger Tool. 
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Figure S5 Forest plot of percentage of admissions with preventable adverse events (AEs) by general care respective intensive 

care population and methodology, ordered by sample size. 7-9 17 18 20 24-26 30-34 37 40 41 45 
# Calculation of total number of AEs.  

& Calculation of number of preventable AEs. 
¢ Scored 2–6 on the causation scale compared to 4–6 for other studies using this scale to determine whether an AE was 

caused by healthcare management rather than the patient´s disease. However, the preventable AEs are the ones scored 4–6 

on the preventability scale.  

GTT, Global Trigger Tool; HMPS, Harvard Medical Practice Study; TT, Trigger Tool. 
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Quality assessment tool, quality assessments and sensitivity analysis 

Adaptation of the quality assessment tool 

From the Quality Assessment Tool for Diagnostic Accuracy Studies 2 (QUADAS-2) we 

adopted the use of domains with domain specific signalling questions which provide domain 

specific judgements on the perceived risk of bias. We also used domain specific questions 

addressing concerns regarding applicability. The latter was used to judge whether the primary 

study was suitable for our review objective. We added a study level assessment of both the 

risk of bias and applicability concerns across all domains. The research team searched for 

empirical evidence from published systematic reviews addressing sources of bias and 

variation in studies evaluating record review methods for AE detection. We also discussed 

which additional sources could affect estimates of the incidence of AEs on theoretical 

grounds, and verified which domains and signalling questions of QUADAS-2, the tool 

described by Musy et al.47 and later by Eggenschwiler et al.48 were relevant to the current 

review. Based on these efforts, we created signalling questions and grouped them into 

domains. The tool was tested on a sample of primary studies nearly meeting our inclusion 

criteria and was then fine-tuned to enhance clarity and ease of use. The final tool consists of 

five domains: patient selection, reviewers, record review process, outcomes, and flow 

(supplementary material 2). Each domain includes two to three signalling questions which 

form the basis for the assessment of risk of bias and applicability-related concerns. These 

were rated as either low, high, or unclear. 

 

The quality assessment ratings for each study are shown in table S7. The ratings per domain 

and overall ratings for the general population and all methodologies are shown in figure S6. 

Ratings per domain for the intensive care population is shown in figure S7. 
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Table S7 Assessment of risk of bias and concerns regarding applicability, for each of the five domains 

First author, 
publication year 

Patient selection           Reviewer Record review process           Outcomes      Flow 
 
Overall 
risk of bias 
 

 
Overall 
Concerns 
regarding 
applicability 

 
Risk of bias   Applicability 

concerns 
Risk of bias   Applicability 

concerns 
Risk of bias   Applicability 

concerns 
Risk of bias   Applicability 

concerns 
Risk of bias   

General care population, GTT/TT methodology 

Chapman, 2014 5 High Unclear High High High Low Unclear Low Unclear High High 
Davenport, 2017 6 High High High High High Unclear High High Low High High 
Fajreldines, 2019 10 Low Low High High High High High High High High High 
Kirkendall, 2012 11 Low Low Unclear Low Unclear Low Low Low Unclear Unclear Low 

Matlow, 2012 13-15* Low Low Low Low High Low Low Unclear Unclear High Unclear 

Paredes Esteban, 
2015 16 

High Low High Low High Low High Unclear High High Unclear 

Salimath, 2020 18 19 High High Unclear High High High High Unclear Unclear High High 
Shah, 2009 20 21 High Low High Low Low Low High Unclear Unclear High Unclear 
Solevag, 2014 22 High High High High High High Low High High High High 
Stockwell, 2015 25 Unclear High Unclear Low High Low Unclear Unclear Unclear High High 
Stockwell, 2018 26 27 High Unclear High Unclear High Low Low High Unclear High High 
Stroupe, 2018 28 Unclear High Unclear Low High Unclear High High High High High 
Unbeck, 2014 29 Low Low Unclear Low Low Low Low Low Unclear Unclear Low 

General care population, HMPS methodology 

Brennan, 1991 2-4 Low Low Unclear Unclear Low Low Low Unclear Low Unclear Unclear 
Davis, 2002 7-9 Low Low Unclear Low Low Low Low Unclear Low Unclear Unclear 
Letaief, 2010 12 Low Low High Unclear High Unclear Unclear Unclear Low High High 
Requena, 2011 17 High Low High Low High Low High Unclear High High Unclear 
Sommella, 2014 23 Low Low Unclear Low Unclear Low Unclear Unclear Unclear High High 
Soop, 2009 24 Low Low Unclear Low Low Low Low Low Low Unclear Low 
Wilson, 1995 30 Low Low Unclear Low Low Low Low Unclear Low Unclear Unclear 
Woods, 2005 31-33 Low Low Low Low High Low Low Unclear Unclear High Unclear 
Zegers, 2009 34 35 Low Low Unclear Low Low Low Low Low Low Unclear Low 

Intensive care population, GTT/TT methodology# 

Agarwal, 2010 36 Low Low Unclear Low Unclear Low Low Unclear Unclear High Unclear 
Barrionuevo, 2010 37 Low Low Unclear Low High Low Unclear Unclear High High Unclear 
Hooper, 2014 38 Low Unclear High Low High Low Low Unclear Unclear High Unclear 
Jorro-Baron, 2021 39 Low Low Low Low High Low High Unclear Unclear High Unclear 
Larsen, 2007 40 Low Low High Low High Low High Unclear Unclear High Unclear 
Maziero, 2020 41 High Unclear High Unclear High Unclear High Unclear Unclear High High 
Sharek, 2006 42 Low Low Low Low Unclear Low High Low Unclear High Low 
Ventura, 2012 43 Low High High Unclear High High High High Low High High 
Verlaat, 2018 44 High High Unclear Unclear High Low Low Low High High High 
Vermeulen, 2014 45 Low Low Unclear Low High Unclear High Low High High Unclear 

* Assessment based on overall outcome.  
# No study using the HMPS methodology included mainly intensive care patients. 
GTT, Global Trigger Tool; HMPS, Harvard Medical Practice Study; TT, Trigger Tool. 
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Figure S8 Forest plot with stratified analysis of the risk of bias and applicability-related concerns for general care population by 

GTT/TT methodology.  
AE, adverse event; GTT, Global Trigger Tool; TT, Trigger Tool. 
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Figure S9 Forest plot with stratified analysis of the risk of bias and applicability-related concerns for general care population by 

HMPS methodology.  
AE, adverse event; HMPS, Harvard Medical Practice Study. 
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Figure S10 Forest plot with stratified analysis of the risk of bias and applicability-related concerns by intensive care population 

(GTT/TT).  
AEs, adverse events; GTT, Global Trigger Tool; TT, Trigger Tool. 
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Supplementary Material 2 

Incidence and characteristics of adverse events in paediatric inpatient care: a 

systematic review and meta-analyses  

 
Quality Assessment Tool for Global Trigger Tool, Trigger Tool or 
Harvard Medical Practice Study methodology studies  
 
State your review question here and answer all signalling questions and 
judgements considering this review question.  

 
Aim: The aim is to report incidence and characteristics of adverse events (AEs), in paediatric 
inpatient care, as detected with Global Trigger Tool (GTT), Trigger Tool or the Harvard Medical 
Practice Study methodology. 

 

Tick the PICO that applies to the study report you aim to assess 

☐ PICO 1: 
P Patient records to paediatric patients hospitalized to any paediatric ward with normal level  

    of inpatient care such as surgical, medicine or orthopaedic wards etc.  

 

I The manual retrospective record review (RRR) methods: GTT, a modified GTT version so  

   called Trigger Tools (added/removed/modified triggers) or Harvard Medical Practice Study  
   methodology. 
 

C Not applicable. 

 

O Incidence overall and by characteristics of AEs. 

 
 

☐ PICO 2: 
P Patient records to paediatric patients hospitalized to any paediatric ward with higher level   

    of inpatient care such as paediatric intensive care units/neonatal intensive care units  
    etc. 
 

I The manual retrospective record review (RRR) methods: GTT, a modified GTT version so  

   called Trigger Tools (added/removed/modified triggers) or Harvard Medical Practice Study   
   methodology. 
 

C Not applicable. 

 

O Incidence overall and by characteristics of AEs. 
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DOMAIN 1A: PATIENT SELECTION 
 
Describe methods of patient selection: 
 

 
 
Describe the rational for your judgement:  
 
 
 
 

 
A. Risk of bias  

Signaling questions: 
 
1. Was a consecutive or random sample of patient records enrolled?  
 Yes / No / Unclear 
 Reflect if all the subjects selected or recruited were from the same or similar populations (including 

the same time period)? Were inclusion and exclusion criteria for being in the study prespecified and 
applied uniformly to all participants in a consecutive manner? If all accessible patient records were 
selected as sample or if the process of sampling was done with the method of random sampling, the 
question will be answered as “yes”.  

 
2. Are the selection criteria described in a way that the study population of interest is 

likely to be included?  
Yes / No / Unclear 

 This question will be answered with “no” when patients with different profiles are not considered. This 
typically occurs by exclusion at study entry. Such exclusions are likely to alter the estimates of 
incidence, potentially leading to over- or underestimations of the incidence of AEs. For example: 
exclusion of certain group of patients due to a long length of stay or with lots of transfers. 

 

RoB judgement: Could the selection of patient records have introduced bias? 
RISK: LOW / HIGH / UNCLEAR 

 
B. Applicability:  
If a study did not meet the patient population or setting as described in the review question, there will 
be a high concern regarding its applicability. In this specific review, we allow for a broad range of in-
hospital specialities and care levels. If the case mix or types of specialties in the study do not fit the 
review question, this may result in a high concern of applicability. Only classify in unclear if the report 
does not specify the patient population. 
 
Do not punish a study twice. If risk of bias is rated as high, applicability should be rated as high only if 
additional issues are raised.  
 
 

Are there concerns that the included patients and setting do not match the review 
question? 

CONCERN: LOW / HIGH / UNCLEAR 
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DOMAIN 1B: REVIEWER 
 

 
A. Risk of bias  
Signaling questions: 
 
1. Were reviewers selected based on his/her relevant clinical background?  

Yes / No / Unclear 
The lack of experience of the reviewer(s) in the clinical setting may introduce bias. For reviewers with 
appropriate clinical background within pediatric care the bias might be lower. 
 

 
2. Were reviewers trained on using trigger tool methodology and application?   

Yes / No / Unclear 
The lack of RRR training in applying the RRR may introduce bias. For reviewers with more training 
the bias might be lower. 

 
3. Did reviewers have experience in applying the targeted RRR methodology or another 

structured RRR methodology?  
Yes / No / Unclear 
The lack of RRR experience in applying the RRR may introduce bias. For reviewer with more RRR 
experience the bias might be lower. 

 

RoB judgement: Could the selection of reviewers have introduced bias? 
RISK: LOW / HIGH / UNCLEAR 

 
B. Applicability:  
For example, if the profile of reviewers applying the RRR method in the study substantially differ from 
the profile of health care professionals that would apply the RRR in clinical practice, a high concern may 
arise.  

 
Do not punish a study twice. If risk of bias is rated as high, applicability should be rated as high only if 
additional issues are raised.  
 

Are there concerns that the reviewers do not match the review question? 
CONCERN: LOW / HIGH / UNCLEAR 

  

State the determined number of reviewers:  
 
 

 
Describe the reviewer characteristics (e.g., training, experience):  
 
 
 

Describe the rational for your judgement: 
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DOMAIN 2: RECORD REVIEW PROCESS 
 

Description of the record review process: 
 
 
 

 
Describe the rational for your judgement:  
 
 
 

 

 
A. Risk of Bias 
Signaling questions: 
 
1. Did the reviewers first judge/analyze the records independently (e.g., stage 1 

screening) and then together? 
Yes / No / Unclear 
Lack of independent review/screening in duplicate and consensus discussions may introduce bias. 
The risk of bias might be lower if the reviewers are working in pair with an independent 
review/screening stage and then a consensus stage.  

 
2. Did the reviewers have any kind of support during the review process? 

Yes / No / Unclear 
Lack of support by a supervisor / senior during the review process may introduce bias. For reviewers 
with support the bias might be lower. 

 
3. Did the study have a monitoring/auditing process? 

Yes / No / Unclear 
Lack of a monitoring/auditing process during the review process may introduce bias. The risk of bias 
in the review process might be lower if a monitoring/auditing process has been carried out. 

 

RoB judgement: Could the conduct or interpretation of the trigger tool have 
introduced bias? 

RISK: LOW / HIGH / UNCLEAR 

 
B. Applicability:  
If the RRR process or its implementation differ from your review question the results may not be 
applicable.  

 
Do not punish a study twice. If risk of bias is rated as high, applicability should be rated as high only if 
additional issues are raised.  
 

 

Are there concerns that the RRR process or its implementation differ from the review 
question? 

CONCERN: LOW / HIGH / UNCLEAR 
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DOMAIN 3: OUTCOMES 
 

Description of the definition of AE: 
 
 
 

Describe how incidence was measured: 
 

 
 
Describe the time frame of included AEs:  
 
 
 
Describe the rational for your judgement, including if you deem definitions to be standard, or 
deviating from our review definitions: 
 
 

 

 
A. Risk of Bias 
Signaling questions: 
 
1. Is the AE defined using a generally accepted definition?  

Yes / No / Unclear 
IHI´s definition: “unintended physical injury resulting from or contributed by medical care that 
requires additional monitoring, treatment or hospitalization, or that results in death.” (Griffin F, 
Resar R. IHI Global Trigger Tool for Measuring Adverse Events (second edition). Cambridge, 
Massachusetts: Instutute for Healthcare Improvment, 2009). 
 
HMPS´s definition: “unintended injury or complication which results in disability, death or prolonged 
hospital stay and is caused by health care management.” (Wilson RM, Runciman WB, Gibberd 
RW, et al. The Quality in Australian Health Care Study. Medical Journal of Australia 
1995;163(9):458-71). 

 
2. Were AEs included if they occurred before, during and after index admission?  

Yes / No / Unclear 
In the origin GTT and HMPS methodologies AEs are included following three inclusions periods 
(time frames). 1) the AE occurred before index admission and were the reason to index admission 
or were detect during index admission; 2) the AE occurred and were detected during index 
admission; and 3) the AE occurred during index admission and were detected after index 
admission (for example, an operation during index admission led to an infection or a pulmonary 
embolism postoperatively after discharge).  
Not following these inclusion periods may introduce bias. Such exclusions are likely to alter the 
estimates of incidence, potentially leading to underestimations of the incidence of AEs.   

 

RoB judgement: Could the definition of outcomes have introduced bias? 
RISK: LOW / HIGH / UNCLEAR 

 
B. Applicability:  
If the time frame of included AEs differs from your review question the results may not be applicable.  

 
Do not punish a study twice. If risk of bias is rated as high, applicability should be rated as high only if 
additional issues are raised.  

 
 

Are there concerns that the definition of outcomes differs from the review question? 
CONCERN: LOW / HIGH / UNCLEAR 
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DOMAIN 4: FLOW  
 

Description of the flow (number of patients included and number of patients analyzed): 
 
 
 

Description of reasons to exclude patients from the statistical analyses: 
 
 
 
 

Describe the rational for your judgement: 
 
 

 

 
A. Risk of Bias 
Signaling questions: 
 
1. Was the completeness of health records data adequate?  

Yes / No / Unclear 
 If yes, the risk of bias will be lower since it considers missing data for the analysis. 

 
2. Were all patients included in the analysis of incidence?  

Yes / No / Unclear 
 This question will be scored as “yes” if all patients who were recruited into the study were included 

in the analysis. No is scored if one or more patients are missing. High risk of bias may be judged if a 
substantial number of recruited patients is excluded from the statistical analysis. High risk of bias 
may be judged if reasons for exclusions of patients are reported and deemed likely to alter the 
estimates. If reasons are not reported, you may assume that one third of the missing would not be 
at random, and you should reflect if this may affect the study estimates importantly. 

 

RoB judgement: Could the patient flow have introduced bias? 
RISK: LOW / HIGH / UNCLEAR 
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Study level / Outcome level overall judgements 
 
A. Risk of Bias 
 

 
 

Overall RoB judgement for the study:  
RISK: LOW / HIGH / UNCLEAR 

 
Tick one of the following options: 

 
☐ Study level judgement applies to all eligible outcomes 
 
☐ Overall judgement depends on the outcome appraised 
 
If the overall judgement differs depending on the outcome assessed, describe the 
outcomes and each outcome specific overall judgements here: 
 
Outcome Overall judgement 
 
 
 

 

 
 
 

 

 
 
 

 

 
 
 

 

 
 
 

 

 

 
 
  

Guidance on how to reach your overall judgement 
 
Low risk of bias • The study / result is judged to be at low risk of bias for all 

domains 

High risk of bias • If you have judged high risk of bias in one domain, it puts the 
study / result at overall high RoB  

OR 

• The study has a judgement of UNCLEAR in multiple domains in 
a way that substantially lowers confidence in the study / result  

Some concerns • The study has a judgement of UNCLEAR in at least one domain 
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B. Applicability 
 
Guidance on how to reach your overall judgement 
 
Low concern • The study / result is judged to be at low concern for all domains 

High concern • If you have judged high concern in one domain, it puts the study 
/ result at overall high concern  

OR 

• The study has a judgement of UNCLEAR in multiple domains in 
a way that substantially lowers applicability of the study result(s)  

Some concerns • The study has a judgement of UNCLEAR in at least one domain 

 
 

Overall judgement concerning applicability for the study 
CONCERN: LOW / HIGH / UNCLEAR 

 
 
Tick one of the following options: 

 
☐ Study level judgement applies to all eligible outcomes 
 
☐ Overall judgement depends on the outcome appraised 
 
 
If the overall judgement differs depending on the outcome assessed, describe the 
outcomes and each outcome specific overall judgements here: 
 
Outcome Overall judgement 
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