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Aims: The aim of this study was to assess the incidence, nature, preventability and
severity of adverse drug events (ADEs) across three paediatric intensive care units
(PICUs) in England.

Methods: A prospective observational cohort study was conducted across three
PICUs over a three-month period during 2019. Included patients were aged
<18 years and stayed in PICU for a minimum of 24 hours. Identification of suspected
ADEs was performed by trained PICU pharmacists. A multidisciplinary expert panel
assessed causality, preventability and severity of events.

Results: A total of 302 patients were included and 62 ADEs were confirmed
(definite/probable causality). One in six patients experienced one or more ADEs. The
estimated incidence of ADEs were 20.5 per 100 patients (95% Cl 15.3-27.5) and
16.7 per 1000 patient-days (95% Cl 9.3-29.9). The majority of ADEs were judged
preventable by the expert panel (36/62, 58.1%). ADEs were commonly involved with
medicines prescribing (29/62, 46.8%) and caused temporary patient harm (42/62,
67.7%). Medications for the central nervous system (14/62, 22.6%), infections
(13/62, 20.9%) and cardiovascular system (12/62, 19.4%) were commonly implicated
with ADEs. Multivariable analysis revealed that patients who stayed in PICU for
>7 days (OR 6.29, 95% Cl| 2.42-16.32) were more likely to experience an ADE
compared to patients with a stay of 1-6 days.

Conclusion: ADEs are common in English PICUs and most of them may be prevent-
able. There is a strong association between ADE occurrence and duration of PICU
stay, which represents a target for remedial interventions. Exploring contributory fac-

tors of preventable ADEs is now necessary to inform preventive policies.

KEYWORDS
adverse drug events, medication safety, paediatric critical care, paediatric intensive care,
patient safety
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1 | INTRODUCTION

The use of medication is a principal component of patient care and
among the most common causes of adverse events in hospital set-
tings.> Some adverse drug events (ADEs) are preventable, such as
complications resulting from medication errors, while some are non-
preventable and are called adverse drug reactions (ADRs).? ADEs vary
in severity ranging from a non-significant drug rash to permanent
disability or death.®>* Within the National Health Service (NHS) in
England, definitely preventable ADEs contribute to 1708 hospital
admissions and cause 712 hospitalised patient deaths per year. These
ADEs were found to cost the health care system around £98.5 million
annually.®

Harm associated with using medications may be common in
paediatric inpatients. In the United States, four studies published
between 2001 and 2008 examined the incidence of ADEs in hos-
pitalised children (three of them at multiple hospital sites), reporting
rates ranging from 2.3 to 11.2 per 100 patients.*¢~® ADEs in chil-
dren may be commonly preventable. For example, in a systematic
review that was conducted in 2012 to examine ADRs (preventable
and non-preventable) in paediatric patients across all health care set-
tings, 7% to 98% of all ADRs reported in 14 studies were classified
as preventable.’

In our recent systematic review,©

we found that preventable
ADEs might be common in critically ill children admitted to neonatal
and paediatric intensive care units (NICU and PICU) based on four
studies conducted across three different countries. However, we
observed limited available data regarding preventable ADEs in this
high-risk patient population, particularly in UK hospitals. This repre-
sents a significant knowledge gap and barrier to improvement efforts
given also differences in care and medicines management processes.'®

Studies identifying and reporting drug-related harms in children
would help highlight areas of necessary guidance to prescribers to
improve medication safety and enhance awareness of the actual
occurrence of patient harm due to deficiencies in the process of
medication use.'* In addition, preventable ADEs are the most amena-
ble event to remedial actions and are important targets for improve-

t.'2 We therefore aimed to determine the incidence, nature,

men
preventability and severity of ADEs occurring in critically ill children at

UK hospitals with a particular emphasis on preventable ADEs.

2 | METHOD

21 | Study design and setting

The study utilised a prospective cohort design and was carried out on
consecutive weekdays over a three-month period (90 days) during
2019 across three NHS children's hospitals in England. The study took
place in three PICUs (17 [PICU-C], 18 [PICU-B] and 31 [PICU-A] bed-
ded units) that provide regional acute care specialities for new-born
infants and children up to 18 years of age in the North West, West
Midlands, South West of England and South Wales.

What is already known about this subject

e The risk of adverse drug events (ADEs) may be greater in
paediatric intensive care units (PICUs) than other general
hospital wards.

e There is lack of evidence concerning the burden and
nature of ADEs in PICUs.

What this study adds

e One in six PICU patients experienced one or more ADEs.

o The majority of ADEs in PICUs are preventable and likely
to occur in patients with increased length of stay.

e Medications for central nervous system and cardiovascu-
lar system were commonly involved with ADEs.

e The most serious ADEs were associated with the use of
high-risk medicines (e.g., anticoagulants).

2.2 | Eligible patients
All patients admitted to any participating PICU and who stayed for a
minimum of 24 hours (including those already admitted when the
study started) during the study period were eligible for inclusion. In
order to include similar patient populations in terms of severity and
complexity of health condition who were receiving care for critical ill-
nesses, high dependency unit or level 1 PICU patients were excluded
as they are normally admitted to PICUs to facilitate close
monitoring only.

Each included patient reached the study endpoint only if they
were transferred to another inpatient ward/unit/hospital, discharged
into the community, died or remained an inpatient on the PICU at the

end of the study data collection period.

2.3 | Classification of adverse drug events and
main outcomes

ADEs were defined as “injuries that result from the use of a drug”.®
ADE is a broad term that encompasses injury that is a result of both
medication errors or unavoidable side effects. Harm associated with a
medication error was considered preventable. Both preventable and
non-preventable ADEs were collected for this study. However, this
study is based on the findings of our earlier systematic review,©
hence an important focus was on ADEs that were preventable.

The primary outcome measure was to determine the frequency
of ADEs and preventable ADEs per 100 patients and 1000 patient-
days. The secondary outcome measures were assessing identified
ADEs' causality, preventability, severity, involved medications and

stage of medication use process with ADEs as well as examining risk
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factors associated with ADEs and preventable ADEs in PICUs. Risk
factors were identified by assessing the association between the
occurrence of ADEs and characteristics of patients including age,
number of medications on admission, duration of follow-up and
PICU site.

24 | Data collection

Intensive surveillance for all suspected ADEs occurring in PICUs was
performed by PICU clinical pharmacists (three pharmacists in PICU-A,
one in PICU-B and two in PICU-C) employed by host NHS trusts.
Pharmacists each received a face-to-face training session delivered by
the research team members (A.A. and A.S.) on the data collection pro-
cess. Demographic information of eligible patients was collected
including age at admission, date of admission to the PICU, history of
drug allergies and number of medications on the admission date after
the medication reconciliation has been completed.

Suspected ADEs were identified through daily screening of medi-
cation charts of all inpatients admitted to the study PICUs, along with
identification and investigation for any alerts to the occurrence of
ADEs. Medical notes, laboratory reports, patient safety incident
reports, attending multidisciplinary unit rounds and conversations
with staff/patients/families were also used to identify events daily.

25 |
severity

Assessment of causality, preventability and

A multidisciplinary expert panel reviewed each recorded event by the
data collectors to assess causality, preventability and severity of iden-
tified events. The expert panel included two experienced PICU clinical
pharmacists (A.S. and J.G.) and one consultant paediatric intensivist
(G.M.). Panel members discussed any disagreement to achieve
consensus.

I*® was used to

The Liverpool ADR causality assessment too
assess the causal relationship between use of drugs and adverse
events. This causality algorithm classifies detected ADEs/ADRs into
unlikely, possible, probable and definite. Definite or probable ADE cat-
egories underwent preventability assessment. This was performed by
the expert panel using the feasible Schumock and Thornton prevent-
ability scale.**

The expert panel also assessed the level of outcome severity of
each ADE using categories E though | of the National Coordinating
Council for Medication Error Reporting and Prevention (NCC MERP)

classifications index.'®

2.6 | Statistical analysis
The statistical analyses were performed using STATA 15®.1¢ Descrip-
tive statistics were calculated for characteristics of the patients.

Dependent on their distributional form, we presented either mean
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and standard deviation or median and interquartile range (IQR), plus
the range. It was not known exactly how long some patients (4%)
stayed in PICU (e.g., some patients remained in PICUs after the study
stopped) and, therefore, we have had to assume that they stayed for
90 days.

The incidence rate was calculated per 100 patients and 1000
patient-days. The estimated crude and adjusted (for follow-up
period and PICU site) incident rates of ADEs were calculated per
1000 patient-days and per 100 patients, along with 95% confidence
intervals (Cl). Medications associated with the occurrence of ADEs
and preventable ADEs were described and reported according to
the classification used in the British National Formulary for
Children.”

Associations between independent variables and ADEs detected
in this study were investigated using univariate and multivariate logis-
tic regression models.

Additionally, we carried out univariate and multivariate multino-
mial regression. This is because we actually have three possible classi-
fications (no ADE, preventable ADE, non-preventable ADE), but there
is no natural ordering to them. Analyses used patients without ADEs
as a base outcome and examined two classifications (no ADE vs pre-
ventable ADE and no ADE vs non-preventable ADE).

Only patients who experienced ADEs that were classified as defi-
nite or probable were included in the regression analysis. The findings
of the regression analysis were presented as odds ratios. A P-value of
<0.05 was considered significant.

3 | RESULTS

3.1 | Patient characteristics

A total of 302 patients across the three participating PICUs were
included during the study period. The patients' age ranged from two
days to 18 years old with a median of 365 days (IQR 60 days-
6 years). The median number of medications prescribed for patients
on admission was 9 (IQR [7, 12]; range = 1-23). In total 3000 medica-
tions had been prescribed to the study sample. The range of follow-
up was between 2 and 90 days with a median of 6 days (IQR 3-14).
Only 12 of the 302 patients (4%) stayed on the PICU for the entire
follow-up period (90 days). As the exact follow-up of these 12 patients
was unknown, it may have an effect on the ADE rate calculations.
Table 1 summarises the characteristics of the patients, both overall

and by participating PICU.

3.2 | Rate and nature of adverse drug events

In total, 115 ADEs were detected by the clinical pharmacists during
the study's follow-up period. Of these, 53 (46.1%) were deemed
unlikely or possible causality and were excluded from further assess-
ment. The remaining 62 (53.9%) ADEs were classified as definite
(7/62, 11.3%) or probable causality (55/62, 88.7%). Characteristics of
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TABLE 1 Characteristics of included patients
Number of patients Age (years) Follow-up period (days) Number of medications
Participating PICUs n (%) Median (IQR) Median (IQR) on admission Median (IQR)
PICU-A 81 (26.8%) 0.5 (0.08-5.06) 5(3-10) 8 (6-11)
PICU-B 100 (33.1%) 1.01 (0.16-8.61) 6.5 (3-15) 10 (8-14)
PICU-C 121 (40.1%) 1.83(0.32-7.09) 6(3-14) 9 (7-13)
Total 302 (100%) 1.01 (0.16-6.1) 6 (3-14) 9(7-12)

PICUs: paediatric intensive care units.

TABLE 2 Characteristics of patients without adverse drug events, with unlikely or possible adverse drug events and with definite or probable

adverse drug events

Patients without

Patients with unlikely or Patients with definite or

Variable ADEs (n = 255) possible ADEs? (n = 42) probable ADEs® (n = 47)
Age in years. Median (IQR) 1.01(0.16-7.1) 2.3(0.31-11.2) 1.7 (0.31-6.1)
[range: 2 days-18 years]
Follow-up period in days. Median (IQR) 5(2-10) 15 (7-34) 15 (8-32)
[range: 2-90 days]
Number of medications on admission. Median (IQR) 9(7-12) 10 (8-15) 12 (8-15)
[range: 1-23 drugs]
Involved PICUs (n, %) PICU-A 63 (24.7%) 20 (47.6%) 18 (38.3%)
PICU-B 87 (34.1%) 8 (19.04%) 13 (27.6%)
PICU-C 105 (41.2%) 14 (33.3%) 16 (34.04%)

ADEs: adverse drug events, IQR: interquartile range, PICUs: paediatric intensive care units.
2ADEs with unlikely or possible causality as classified by the study's expert panel were excluded from further assessment.
bADESs with definite or probable causality as classified by the study's expert panel were included in the study analysis.

TABLE 3 Crude and adjusted rates of adverse drug events per 100 patients and 1000 patient-days

Rate of ADE per 100 patients (95% Cl)?

Rate of ADE per 1000 patient-days (95% CI)?

Category Crude rate Adjusted rate®
All ADEs 20.59(95% Cl 16.1-25.5) 20.5 (95% Cl 15.3-27.5)
Preventable ADEs 11.9 (95% Cl 8.4-6.1) 11.7 (95% Cl 6.7-20.1)

ADEs: adverse drug events, Cl: confidence intervals.

Adjusted rate®
16.7 (95% Cl1 9.3-29.9)
9.43 (95% Cl 4.02-22.1)

Crude rate
15.69 (95% Cl 11.9-20.1)
9.08 (95% Cl 6.3-12.5)

#Number of patients in every 100 patients will have an ADE during the course of their observation.

PNew ADEs per 1000 patients per day.

%The 95% Cls give the degree of uncertainty in these calculations (e.g., between 9.3 and 29.9 new ADEs per 1000 patients per day).

“Adjusted rate for follow-up period and paediatric intensive care unit site.

patients experiencing no ADEs, unlikely or possible causality ADEs
and definite or probable causality ADEs are presented in Table 2. One
in six patients (47/302, 15.6%) experienced at least one confirmed
ADE (definite and probable causality) during PICU stay. Eleven
patients (3.6%) were affected by more than one ADE. Given that
these multiple ADEs were not common and not related to each other
(e.g., caused different patient harm by different medications), we
treated them as independent events.

The estimated crude and adjusted ADE rates (for duration of
follow-up and PICU site) per 100 patients and 1000 patient-days are
presented in Table 3. As shown in Table 4, the medicines prescribing

stage was most commonly associated with identified ADEs (29/62,
46.8%) and the majority of ADEs (42/62, 67.7%) caused temporary
patient harm (the lowest level of severity).

The most commonly involved drug classes associated with ADEs
were medicines for the central nervous system (14/62, 22.6%), infec-
tions (13/62, 20.9%) and the cardiovascular system (12/62, 19.4%).
ADEs that caused severe patient harm (permanent harm and near-
death events) were associated with using anti-infectives and cardio-
vascular agents, with some considered as high-risk medicines
(e.g., adrenergic antagonists and aminoglycosides) as shown in Table 5
and Table S1 in the Supporting Information.
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TABLE 4 Stage of medication use process and severity of harm associated with adverse drug events
Stage of medication use process, n (%)
Prescribing Administration Monitoring UietEl) 012
All ADEs 29 (46.8%) 15 (24.2%) 18 (29.03%) 62 (100%)
Severity (NCC MERP index) n (%)
E (temporary patient harm) 20 (47.6%) 8 (19.05%) 14 (33.3%) 42 (67.7%)
F (prolonged hospitalisation and temporary harm) 8(61.5%) 3(23.08%) 2 (15.4%) 13 (20.9%)
G (permanent harm) 0 (0.0%) 3 (75%) 1(25%) 4 (6.4%)
H (near-death) 1(33.3%) 1(33.3%) 1(33.3%) 3 (4.8%)
Stage of medication use process, n. (%)
Prescribing Administration Monitoring Total, n (%)
Preventable ADEs 17 (47.2%) 13 (36.1%) 6 (10.3%) 36 (58.1%)
Severity (NCC MERP index) n (%)
E (temporary patient harm) 11 (52.4%) 7 (33.3%) 3(14.3%) 21 (58.3%)
F (prolonged hospitalisation and temporary harm) 5 (50%) 3 (30%) 2 (20%) 10 (27.8%)
G (permanent harm) 0 (0.0%) 3 (75%) 1(25%) 4(11.1%)
H (near-death) 1(100%) 0(0.0%) 0(0.0%) 1(2.7%)

ADEs: adverse drug events.

NCC MERP: National Co-ordinating Council for Medication Error Reporting and Prevention.

E: Harm that required intervention and resulted in temporary patient harm.

F: Harm that required initial or prolonged hospitalisation and resulted in temporary patient harm.

G: Harm that resulted in permanent patient harm.

H: Harm that resulted in near-death event and required intervention to sustain life.

TABLE 5 Commonly involved drug classes with preventable and non-preventable adverse drug events and associated level of severity
Severity (NCC MERP index), n (%)
F (prolonged
hospitalisation G
E (temporary and temporary  (permanent Preventable Non-preventable
Drug class patient harm) harm) harm) H (near-death) ADEs, n (%) ADE, n (%) Total, n (%)
Central 7 (50%) 7 (50%) 0 (0.00%) 0 (0.00%) 10 (27.8%) 4 (15.4%) 14 (22.6%)
nervous
system
Cardiovascular 6 (50%) 2 (16.7%) 2 (16.7%) 2 (16.7%) 9 (25%) 3(11.5%) 12 (19.4%)
system
Anti-infectives 10 (76.9%) 1(7.7%) 2 (15.4%) 0 (0.00%) 5(13.9%) 8(30.8%) 13 (20.9%)

Total (23/62,37.1%)  (10/62,16.1%)  (4/62, 6.5%)

ADEs: adverse drug events.

(2/62,3.2%)

(24/36, 66.7%) (15/26, 57.7%) (39/62, 62.9%)

NCC MERP: National Co-ordinating Council for Medication Error Reporting and Prevention.

E: Harm that required intervention and resulted in temporary patient harm.

F: Harm that required initial or prolonged hospitalisation and resulted in temporary patient harm.

G: Harm that resulted in permanent patient harm.

H: Harm that resulted in near-death event and required intervention to sustain life.

3.3 |
events

Rate and nature of preventable adverse drug

The majority of the confirmed ADEs were preventable (36/62,
58.1%). Few patients (5/302, 1.7%) experienced more than one pre-
ventable ADE. The estimated crude and adjusted (for follow-up period

and PICU site) rates of preventable ADEs per 100 patients and 1000
patient-days are presented in Table 3.

The severity of confirmed preventable ADEs ranged between cat-
egories E (temporary harm to patient) through H (near-death event)
on the NCC MERP index and most of these (21/36, 58.3%) fell into
category E. Preventable ADEs were mostly associated with the
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medicines prescribing stage (17/36, 47.2%) followed by the adminis-
tration stage (13/36, 36.1%) (Table 4).

Medications for the central nervous system were the most com-
mon agents involved with preventable ADEs (10/36, 27.8%) followed
by cardiovascular system agents (9/36, 25%) and medicines to treat
infections (5/36, 13.9%) as shown in Table 5. Table S1 summarises
drug classes involved with preventable ADEs, associated level of

severity and explanation of their preventability.

34 | Associations between adverse drug events
and covariates

In the univariate analysis, a significant association was only found
between duration of follow -up and the occurrence of ADEs
(P <.001) as shown in Table 6. In addition, PICU site was not asso-
ciated with experiencing one or more ADEs before controlling for
the other covariates (P =.160). Due to observed differences in
patient characteristics (e.g., number of patients and age) between
involved PICUs, we controlled for PICU site in the multivariate
models to test the impact of these variations on ADE occurrence.
PICU site was found to be significantly (P = .006) associated with
ADE occurrence adjusting for the four independent variables
involved in the multivariate logistic regression. Patients admitted to
PICU-B (OR 0.27, 95% Cl 0.10-0.69) or PICU-C (OR 0.26, 95% ClI
0.10-0.65) were less likely to experience ADEs than those residing
within PICU-A.

Another significant association was found between duration of
follow-up and the occurrence of ADEs in the multivariate logistic anal-
ysis (P < .001). Patients who were screened for 1-2 weeks (OR 6.29,
95% Cl 2.42-16.32) or more than 15 days (OR 13.12, 95% Cl 5.01-
34.34) were more likely to experience ADEs than those who were
followed up for shorter periods (one week or less) as shown in
Table 6.

Similarly, increased risk of a patient experiencing one or more
preventable ADEs was only associated with duration of follow-up in
the univariate analysis (P < .001). Duration of follow-up remained sig-
nificantly associated with having preventable ADE (P < .001) in the
multivariate logistic regression model (Table 6). Patients were more
likely to experience preventable ADEs if they were followed up in
PICUs for 7-14 days (OR 5.21, 95% Cl 1.78-15.21) or more than
15 days (OR 8.02, 95% Cl 2.68-23.96). PICU site was also found to
be significantly associated with ADE occurrence in the multivariate
analysis (P < .033). Patients in PICU-B (OR 0.40, 95% Cl 0.14-1.08)
and PICU-C (OR 0.26, 95% Cl 0.09-0.74) were at lower risk of having
preventable ADEs.

As longer stay in the ICU may result in a greater chance of
experiencing an ADE, these regression models have been refitted
excluding duration of follow-up (available on request) and no real dif-
ference to the associations with the other covariates was found.

The findings of the multinomial regression analysis support the
logistic regression. Among the four independent variables, follow-up

period was the only variable associated with the occurrence of both

preventable ADEs and non-preventable ADEs identified in the univari-
ate analysis (P < .001) as shown in Table 6.

Follow-up period remained significantly associated with ADE
occurrence of both preventable ADEs and non-preventable ADEs
after controlling for the other covariates (P < .001). The multivariate
multinomial regression analysis also showed that PICU site was asso-
ciated with occurrence of both preventable ADEs and non-prevent-
able ADEs (P < .017).

4 | DISCUSSION

To our knowledge, this is the first UK-based study that has investi-
gated the prevalence and nature of ADEs in critically ill children admit-
ted to PICUs. This study found that ADEs are common in PICU
patients and are more likely to occur in patients with longer PICU
stay. One in six patients experienced one or more ADEs with an esti-
mated rate of 20.5 per 100 patients and 16.7 per 1000 patient-days.
Most of the identified ADEs were preventable (58.1%) at a rate of
9.43 per 1000 patient-days and associated commonly with the medi-
cines prescribing stage. Medicines for the central nervous system,
infections and the cardiovascular system were the most commonly
involved drug classes. Nearly one third of identified ADEs (20/62,
32.3%) were classified as temporary harm, permanent harm and near-
death events, which may have contributed to patients' prolonged
hospitalisation.

We have observed significant variation in ADE rates between
participating PICUs. This variation may be explained by differences
between wards in terms of the unit size and variation in specialised
care provided by centres (e.g., cardiac critical care). However, this vari-
ation in ADE rates prompts the need for further investigation to
explore underlying factors between different PICUs that may influ-
ence the emergence of ADEs and the effective implementation of
safety interventions. For example, there were stark differences in
pharmacy service between the three study sites, which lead to phar-
macists being available in the units at different times and on different
days. Hence, addressing variations between centres is recommended,
and organisations should evaluate their own local clinical practices to
support successful implementation of national medication safety
policies.*®

A significant proportion of ADEs in this study were preventable
with estimated rates of 11.7 per 100 patients and 9.43 per 1000
patient-days. Our rates are lower than those reported by single-site
studies that collected ADE data prospectively originating from a PICU
in the US (29 preventable ADEs per 1000 patient-days)!’ and a
New Zealand NICU (14.38 per 1000 patient-days).2° Lower rates of
preventable ADEs have been reported in PICUs following a retrospec-
tive single site US study (2.3 preventable ADEs per 100 patients)?*
and across two Japanese NICUs (0.47 per 1000 patient-days).??> How-
ever, a higher rate (21 preventable ADEs per 1000 patient-days) was
reported by a US multicentre retrospective study.?®> Other studies
utilised different methods of detecting ADEs such as voluntary inci-

24-27
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definition,?® examined only non-preventable ADEs?’ or reported ADE
rates without clear denominator.* Standardised detection methods
and definitions in future studies are, therefore, needed to allow direct
comparison between estimates within and between countries.*°

We have recently conducted a study to explore underlying con-
tributory factors associated with medication-related incidents
reported from PICUs across England and Wales between 2010 and
2018.3! We found that the busy and pressurised working environ-
ment of the ICU, inadequate guidelines, staffing, systems and policies
were commonly involved with harmful incidents. These organisation-
related factors negatively affected the ability of health care staff to
safely follow policies and procedures. Improvements in workload, and
the redesign of processes and systems were identified as important
strategies to mitigate harm associated with use of medicines in PICUs.

Medicines prescribing was commonly implicated with prevent-
able ADEs in this study and in previous studies that examined medi-
cation errors in PICU.'° Factors that contribute to prescribing errors
in PICU have been explored recently in the UK.®2 Distractions and
interruptions in the paediatric intensive care environment that con-
tribute to mental fatigue of prescribers were found as potential fac-
tors that lead to prescribing errors. Hence, it was recommended that
future interventions should consider mitigating cognitive load on
prescribers and enhancing team performance to reduce such errors
and associated harm.

Electronic prescribing systems may be a promising intervention to
reduce prescribing errors in children's critical care.3® Currently there is
ongoing implementation and rollout of an electronic prescribing and
administration system in UK hospitals, which is expected to reduced
medication errors and ADEs by 50%.3* However, such an intervention
does not prevent all error types,> and should be supported by tai-
lored Clinical Decision Support (CDS) systems for use in children.3¢ In
addition, involvement of clinical pharmacists in medication manage-
ment processes such as validating prescriptions, participating in ward
rounds and developing educational programmes for medical teams
have yielded encouraging results in reducing medication errors in hos-
pitalised children, including PICU patients.®”*® However, the amount
and quality of this evidence is still limited and further studies with
robust controlled design evaluating the role of clinical pharmacy ser-
vices on medication safety in children, particularly in those admitted
to ICU, are warranted.®?

High-risk medications such as anticoagulants, adrenergic antago-
nists and aminoglycosides were involved with preventable ADEs of a
significant severity (permanent harm or near-death event) in this
study.4°'41 Within the UK NHS context, all these medicines are sub-
ject to safe use guidelines. Therefore, there is a suggestion in this data
that these are not having the desired effect. The continuing safe use
of these drugs is, therefore, a clear target for ongoing medication
safety improvement to reduce patient harm.

ADE have been associated with increased length of hospital stay
and associated cost. It has been estimated that the cost of an ADE in
ICU is around US$9000.*? Nearly one third of identified ADEs in this
study contributed to patient harm that caused prolonged patient stay
in the PICU. In addition, we found that increased length of PICU stay

was significantly associated with the risk of experiencing an ADE.
These findings should be used to target efforts to reduce patient harm
and associated costs on the health care system by reducing length of
patient stay in PICU. There are ongoing initiatives to achieve this tar-
get in NHS hospitals, which have shown promising findings.*>** For
example, a key component of the NHS five-year plan (2017) was
reducing the number of delayed patients' discharge (including ICU
patients) from hospitals.** Within two years of publishing this plan,
around 2000 beds became available for new patients in NHS
hospitals.*®

This study has described rates of ADEs in critically ill paediatrics
in the UK and added understanding of their clinical consequences.

[*¢ and international®” efforts to

This work supports the nationa
reduce preventable medication harm. It has examined multiple PICUs
to enhance the generalisability of findings and utilised a prospective
cohort design, using a standardised data collection method, which
may help in detecting more ADEs than a retrospective design.*® Addi-
tionally, this study did not apply any restrictions on the medications
or type of events that could be recorded during the screening for
ADEs, which helped in identifying a wide range of events. This study
identified potential risk factors, high-risk medications involved with
ADEs and unsafe medication practices that could be the focus of fur-
ther research in PICUs (e.g., assessing the causes of ADEs). However,
this study did not examine all possible factors (e.g., severity of illness
and route of drug administration) that could be associated with the
risk of ADEs in PICU and between study sites. A larger future study
examining a wider range of factors could add further understanding.

Twelve of the 302 patients included in this study stayed in PICU
for more than the 90-day study period; hence, the incidence rates
may be overestimates. However, given that this only applies to 4% of
patients, this will not have a significant effect on the calculated rate.
In addition, eleven patients (3.6%) were affected by more than one
ADE in this study. We acknowledge that we treated these as indepen-
dent events (even though they might not have been) for analytical
purposes, given that they were so few in number. If this had been
more common, we would have needed to account for it using a multi-
level model, which would account for the potential correlation of
ADEs within patients.

Considering that the data collectors for this study were ward-
based clinical pharmacists, errors that may have had the potential to
cause ADEs were likely to have prompted intervention by pharmacists
before reaching patients. For example, a rising level of creatinine is
one of the signs that pharmacists would record and follow up to iden-
tify any actual harm (e.g., nephrotoxicity) that could be related to this
trigger. Pharmacists would normally intervene and correct any medi-
cation error before it could cause any harm. This may result in a lower
rate of preventable ADEs identified in this study. Additionally, varia-
tion between ADEs collected by different clinical pharmacists who
participated in this study was expected. However, training data collec-
tors on the standardised ADE detection method developed for this
study, as well as the use of a multidisciplinary expert panel to review
and confirm collected ADEs, were applied to enhance reliability
of data.
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5 | CONCLUSION

We report findings from the first prospective study to examine the
frequency, nature, preventability and severity of ADEs in PICUs in the
UK. We found that the risk of experiencing ADEs is significantly asso-
ciated with increased length of PICU stay. The majority of identified
ADEs were judged preventable and their consequences were often
severe, resulting in patients' prolonged hospitalisation and temporary
harm, permanent harm and near-death events. Increasing length of
PICU stay, use of high-risk medications and prescribing practices and
processes have been highlighted as targets for remedial interventions
to reduce the risk of avoidable patient harm in this setting.
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