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Table 8 Prevalence of substandard drug samples by
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Table 10 Substandard samples by location and
registration status

Rural Urban Substandard Acceptable Total

N % 95% CI* N % 95% CI* Rural provinces N % N % N % Substandard
Substandard 69 178 141,220 112 132 110,157  Unregistered 35 90 50 129 8 412
Acceptable 319 822 780,859 736 868 843,830  Registered 34 88 269 693 303 112
Total 388 100 848 100 All provinces 69 178 319 822 388
*C%: confidence interval. Urban districts N % N % N 9% Substandard

excluding drug samples from the unlicensed market, where
the prevalence of substandard drugs has found to be sig-
nificantly higher (Almuzaini et al. 2013). Another potential
issue is that the biochemical analysis was performed at 3
different drug testing laboratories in Mongolia. Although
they all used the same Pharmacoepeia standards, the possi-
bility of variability in testing between facilities exists, In
order to confirm the accuracy of the results, we had
planned to send 10% of the samples to an outside lab for
verification. Because of budgetary constraints, only 4 sub-
standard samples (2.29%) were actually sent for testing at an
outside reference laboratory (National Institute of Drug
Quality Control of Vietnam, Hanoi, Vietnam). These 4
samples were all verified as correctly classified, but it is not
a large enough number and did not include any acceptable
samples, therefore we cannot claim to validate our findings
by outside reference laboratory testing,

Another important limitation of our study is that it does
not provide any details about the degree of variation from
the threshold requirements of the Pharmacopeia quality
standards. Our study also does not provide any informa-
tion about the presence of harmful ingredients. Becanse of
this, our ability to make any inferences about the potential
clinical, safety, or economic impact of the substandard
drugs in Mongolia is limited, but it does support the need
for increased pharmacovigilance and review of drug regu-
latory policies. Further details of the biochemical analysis
of the substandard samples, particularly the degree and
direction of the deviation of the samples failing the assay,
could provide additional valuable insight into the public
health impact of poor drug quality.

Conclusions
Qur findings indicate that the presence of substandard
drugs raise a genuine concern in both urban and rural

Table 9 Prevalence of unregistered drug samples by
location

Rural Urban

N %% 95% CI* N 9% 95% CI*
Unregistered 85 218 180,263 150 177 152,204
Registerad 303 781 73.682.1 698 823 795,848

Total 388 100 848 100

*Ch confidence interval.

Unregistered 18 21 132 156 150 120
Registered %4 111 604 712 698 135
All districts 112 132 736 8638 848

areas of Mongolia. In addition, we found that unregis-
tered drugs are common in both areas, with a significant
association between substandard and unregistered drugs
in the rural provinces. This highlights an important op-
portunity to improve the quality of the drug supply in
Mongolia by reviewing and enforcing drug registration
and inspection polices. Improving drug storage condi-
tions and importation monitoring at borders are other
interventions that can potentially improve drug supply
quality, especially in rural provinces, Other areas for fur-
ther investigation to better understand the quality of the
drug supply in Mongolia would be to determine the de-

 gree of variation in the assay results for substandard

drug samples, sampling the unlicensed market, and in-
vestigating the drug supply chain, especially in the prov-
inces. Another important area for further study of the
public health impact of substandard drugs is evaluating
the patterns of antibiotic resistance and health outcomes
for people living in areas with a high prevalence of sub-
standard drugs.
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Thie mcxdence of adverse drug events (ADES) in surgical and non-surglcal panents may.
differ. This individual patient data meta-analysis {IPDMA) identifies patient characteristics
and types of medlcation most associated with patierits experiencing ADEs and suggests’
target. areas for reducing harm and implementing focused interventions. Ll

METHODS

Authors of eligible studies on preventable ADEs (pADEs) were approached for )
collaboration, For assessment of differences among (non-)surgical patients. and
identification of assodiated factors descriptive statistics, Pearson chi-square, Polsson and
logistic regression analyses were performed. For identification of high risk drugs (HRDs}, a
model was developed based on frequency, severity and preventability nf medication
related to ADEs.

RESULTS

richuded were 5367 patlents from four studies. Patients aged 2 77 years experienced more
ADEs and pADEs compareg! with patients aged < 52 years (odds ratios (OR) 2.12 (95% CI
1.70, 2.65) and 2.55 (95% €1 1.70, 3.84), respectively, both P < 0.05), Polypharmacy on
admission also increased the risk of ADEs {OR 1,21 (95% Q1 1,03, 1.44), # < 0.05) and pADEs
(OR 1.85 (95% C11.34, 2.56), P < 0.05), pADESs were associated with more severe harm than
non-prévéntable ADEs (54% vs. 32%, P < 0.05). The top five HRDs were antiblotics,
sedatives, antlcoagu!ants diuretics and ant;hypertenswes. Events associated with HRDs
included diarrhoea or constipation, abnomal liver function test and central nervous system
events, Most pADES resulted from prescribing errors (90%).

CONCLUSION

Eiderly patients with polypharmacy on admission and receiving antibiotics, sedatives,
anticoagulants, diuretics or antshypmenswes were more prone to experiencing ADES,
Efficiency in prevention of ADEs may be improved by targeted v;gliance systems for
alertness of physicians and pharmacists.
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Introduction

Adverse drug events (ADEs) constitute a considerable
cause of morbidity and mortality in hospitalized patients
[1]. Most studies on the occurrence and preventability of
ADEs were performed in cohorts of non-surgical patients
such as paediatric, medical and intensive care patlents [2].
A study on risk factors associated with drug-related admis-

sions to the hospital focused on the drug groups, based

on frequency of events [3]. Another review on medication
errars or ADEs in hospitalized patients concluded a wide
variability of the occurrence of medication errors and
adverse events or reactions. Important risk factors for
errors included the insufficient pharmacological knowl-
edge of health care professionals. Polypharmacy, female
gender, drugs with a narrow therapeutic range, renal
elimination of drugs, age over 65 years and use of antico-
agulants or diuretics are important risk factors for adverse
events [4]. Differences in the admission process of surgical
and non-surgical patients may affect the risk for ADEs
during hospitalization. For instance, during the surgical
process many patient handovers associated with the inter-
vention take place [51. Handovers between physicians in
hospitals are routinely mediated through a verbal or
written ’sign-out’. Important information is often not
transmitted at sign-out [6]. These failures in communica-
tion can lead to uncertainty in patient care decisions
resulting in patient harm [7]. A paper by Kennedy etal.
demonstrated that regular drug use for co-morbidity was
associated with increased risk of post-operative complica-
tions related to the co-morbidity at hand. Moreover, if
the length of a paucity in medication use in preparation
for the surgery increased, then the complication rate
increased as well. Hence, the increased risk certainly
reflects the severity of co-morbidity as a confounder.
These authors further suggested that the patients’ needs
for drugs to withstand the stresses of the post-operative
period of an operation might also contribute to an
increased risk of complications [8]. On the other hand,
non-surgical patients may be older and often use more
kinds of medication during thelr admission. All these
aspects can affect the occurrence of ADEs in both groups.
It would be interesting to know if the admission to a sur-
gical or to a non-surgical ward differentially associates
with the occurrence of in-hospital (p)ADEs.

Different means for improving patient safety have
been advocated through the years. The recent develop-
ment in patient safety improvement is to provide indi-
vidual care systems. A system approach is based on patient
characteristics as well. Our study group is developing a
medication safety programme using a combination of a
system approach and an individual care approach tailored
by patient characteristics [9].

A meta-analysis of individual patient data was used to
provide more detailed information on factors associated
with ADEs during admission of patients to hospital.

22

- Another major advantage of an individual patient data

meta-analysis (IPDMA) was a substantial increase in statis-
tical power. It allowed subgroup analyses and enabled cor-
rection for potential effect modifiers or confounders.

This IPDMA aimed to identify patient characteristics
and types of medication associated with (preventable)
ADEs during admission, focusing on surgical and non-
surgical patients, If these factors can be identified, inter-
ventions can be developed to prevent patients from
having ADEs during admission or to detect ADEs as early as
possible.

%@eth@ds

Search and study selection

To identify studies that registered ADEs in adult hospital-
ized patients a literature search was conducted on
PubMed and Embase (from 2000 to April 2011). The com-
bined search term consisted of the following keywords

-in the title or abstract regarding ADEs: ‘adverse drug

events’, 'ADE', ‘medication related problems’, ‘adverse
drug reaction reporting system’ or ‘drug therapy/adverse
effects’. In order to find studies that included surgical
patients -as: well as non-surgical patients, to' specify
surgical patients, ‘surgical’, ‘surgery’, ‘operation’, ‘pre-
operative’, ‘peri-operative’ or ‘post-operative’ were added,
Then the terms ‘hospitalized’ or ‘hospitalised’, ‘hospitali-
zation’ or ‘hospitalisation’, ‘hospital’ or ‘inpatients’ were
included in order to retrieve studies on hospitalized
patients, i.e. studies that included ADEs during admission,
Lastly the keywords ‘frequency’, ‘incidence’ or ‘epidemiol-
ogy" were added to include epidemiological studies. No
language restrictions were used.

To exclude children and incidents reg:stered in the
emergéncy department, study titles containing the
terms ‘child’, ‘children’, ‘paediatrics’ or ‘emergency’ were
excluded. A manual cross-reference search of eligible
papers was performed to identify other relevant articles,
Two studies on ADEs from research groups at our hospital,
one in surgical patients and one in medical patients using
the same methodology, also met the inclusion criteria
{10,111

After completion of the study and study manuscript we
updated the search in August 2014 to make sure that in
the meantime no vital studies had been published while
the current study was running,

Data collection process

The corresponding authors of the studies meeting the
inclusion criteria of the present IPDMA were approached
by e-mail, including the research protocol, to collaborate
on this project. When collaboration was confirmed, avail-
able varfables in the datasets were compared. Variables
were considered for harmonization if included in at least
two studies. After this step, a definite list of the IPDMA

Br} Clin Pharmacol [ 794 [ 549
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variables was created, With respect to privacy, the trans-
ferred databases and cumulative database did not contain
identifiable personal data, only unique study numbers, All
data were handled and stored anonymously in the IPDMA
database.

Data items

The data items were defined before article selection, ltem
definitions had to be comparable in two or more studies.
Moreover, data items could only be included and merged
if the definitions were similar. The included items and their
definitions were relevant items and used widely in patient
and medication safety studies. The selection of patient
characteristics in the final analysis consisted of age,
gender, clinical service (surgical or non-surgical), urgency
of admission (acute or planned) and polypharmacy. Age
was categorized in four age categories: <52 years, 53-64
years, 65-76 years and 277 years., Age was first categorized
in under and over 65 vears old and each category subse-
quently separated in two subcategories based on their
median ages (52 and 77 years, respectively), Information
on urgency of admission was available in three studies. In
the fourth dataset the urgency was assessed based on the
treason for admission. Polypharmacy was dichotomized to
include all studies in the analysis and defined as more than
five drugs used on admission. One study (de Boer etal)
only supplied the dichotomous variable. In the literature,
this cut-off point is comimonly used [12, 13]. A study by
Linjakumpu et al. concluded that using five or more drugs
was associated with poor physical and psychic health [13].
The selected ADE variables were trigger used for ADE
detection, causality, severity, preventability, type of medi-
cation accountable for the ADE, type of event and type of
medication error. Triggers used for identification of ADEs
were classified as laboratory values, clinical symptoms or
bath. Assessment of the probability for a causal relation-
ship between an adverse event and a drug was classified as
certain, probable/likely and possible. For assessment of
the severity of ADEs, the Common Terminology Criteria for
Adverse Events (CTCAE) classification was used [14]. The
CTCAE identifies five categories: mild, moderate, severe,
life-threatening and death. For the purpose of this IPDMA,
these five categories were recoded into two categories,
mild and moderate were recoded as mild and severe, life-
threatening and death were recoded as severe, Medica-
tion accountable for ADEs was categorized based on major
medication groups or, in the case of high number of ADEs,
on subgroups. ADEs caused by medication errors were
deemed preventable (pADEs). To all pADEs a stage of
medication etror was attributed. The categorization con-
sisted of five error stages: prescribing (including ordering
and monitoring), transcribing, dispensing, administering

and across stage. ADEs not caused by medication errors

were considered non-preventable ADEs,
For quality assessment, the Methodological Index for
Non-randomized Studies (MINORS)-checklist was used,

550 / 79:4 [/ Br) Clin Pharmacol
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developed by Slim et al. This checklist was developed to
assess the methodological quality in comparative and
non-comparative studies. The checklist consists out of 12
items, eight for non-comparative studies and four addi-
tional items for comparative studies, including the risk of
bias, The items were scored on a three point scale, ranging
from 0-2. The maximum score was 16 for non-comparative
studies and 24 for comparative studies, with higher scores
indicating better quality [15].

Summary measures and synthesis of results
After pooling the datasets, occurrences of ADEs and pADEs
per 100 admissions (and their 95% confidence intervals)
were calculated with a Poisson regression analysis.
Furthermore the risk factors for ADEs in surgical and
non-surgical patients were identified. The associations
of patient characteristics with ADE occurrence were
expressed as odds ratios (and their 95% confidence
intervals) following uni- and multivariable binary logistic
regression analyses with candidate factors for the
multivariable analyses selected from the univariable analy-
ses with P > = 0.10 as the removal criterion, Study partici-
pants were listwise deleted in regression analyses, in the
case of missing data on any variable of the predictor sets.
If, due to this set-up, adding a variable to a regression
model excluded a whole site, then the previous regression
model without the added variable was assessed with and
without data from the excluded site(s) to assess the poten-
tial bias resulting from the complete case analyses.

I a second step of the analysis we assessed whether
the heterogeneity among studies in the pooled dataset
had an impact on the identification of factors significantly
associated with (pJADEs by adding ‘Study’ to the final
multivariable models and observing if the associations
remained significant. Steps in model building were fully
documented. :

For the assessment of medications accountable for
ADEs, i.e. high-risk drugs (HRDs), a weighing model was
applied. This model was based on the fraction of all ADEs
related to the type of medication (fADE), the medication-~
related proportion of severe ADEs (pS), the relative weight
of severe (w5} compared with mild ADEs, and the
medication-related propaortions of preventable severe
(prevS) and mild {previM) ADEs: fADE*(pS*wS*prevs + (1 ~
pSy*prevM). All parameters except wS stem from the
included data. The relative weight of severe vs. mild ADEs
(wS) was arbitrarily set at 5 {severe ADEs being five times as
worse as mild ADEs). The medications were ranked accord-
ing to their weight based on this formula and the top five
were considered HRDs. Because the relative weight of 5
was set arbitrarily, it was varied within a range from 2 to 10
in an additional scenario analysis in order to assess the
robustness of this ranking.

Analysis of the triggers for detecting the ADEs and of
type of medication errors in the different wards were
performed with Pearson’s Chi-square, The level of signifi-
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cance was set at P < 0.05, Statistical analyses were per-
formed using SPSS, version 19.0.

Results

Study selection and characteristics

The literature search in 2011 yielded 1280 titles. After
screening title and abstract, 47 papers were eligible and
their full text was retrieved. Only two studies fulfilled the
inclusion criteria and provided information on ADEs and
their preventability in surgical as well as non-surgical
patients, Their data were combined with two eligible
studies performed in our centre [10, 11, 16, 17] (Figure ).
All four included studies were prospective observational
multicentre studies. The methodological quality of the
studies, based on the MINORS criteria, was good, and
scored in the upper quartile of the quality score range
(13-15 points, possible maximum score was 16 points).
The characteristics of the included studies are shown in
Table 1.

The Japan Adverse Drug Events (JADE) study by
Morimoto and colleagues investigated the incidence and
preventability of ADEs and medication errors in Japan [17].
This study provided data of 1469 surgical patients and
1531 non-surgical patients. Another 459 patients admitted
to the ICU ward were excluded for this analysis,

The Ward-oriented pharmacy In Newly admitted Geri-
atric Seniors (WINGS) study by Kiopotowska and col-
leagues investigated the incidence and preventability of
ADEs in hospitalized seniors (65 years) [11]. Chart review
enhanced by a modified Institute for Healthcare Improve-
ment (IH) trigger-tool was used to identify ADEs [18], An
expert team (physician and pharmacist) conducted the
ADE assessment. For the purpose of the IPDMA only ADEs
detected by the modified IHI ADE triggertool were
included in the analyses. ADEs not related to triggers (i.e.
detected by chart review only) were excluded.
~ The updated literature search in 2014 yielded 45 titles
and abstracts. Just one additional study, with data on
{p)ADEs in Saudi Arabia, was identified and we decided to
reflect upon its outcomes in the discussion section below
{191

(n = 1280)

Titles retrieved

Falled to meet inclusion criteria
(n=1233)

(n=47)

Full text articles retrieved

Avrticles excluded {n = 45):

No (general) surgical patients (n = 8)
- Number of (p)ADEs was not a study

outcome variable (n = i 1)

No data extraction (n = 9)

Review (n = 8) )

Book(n=1)

Letterleditorial (n = 4}

Guideline/protocol (n = 2)

Presented data were outdated and therefore
became obsolete (n = 2) :

(n=2)

Data requested for direct comparison

Additional studies from own centre
(n=2)

Available individual patient data (n = 4)

Figure 1

Flow chart article selection
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Table 1

Study and patient characteristics per included cohont

Age (%) <52 years 130 (23)
53-84 years 172 30)
65-76 years 173 (31)
277 years 92 (16)
Gender (%) Male 278 (49)
Female 288 (51}
Medication on admission (%) <5 382 (69)
n=4271 >6 170 (30
Urgency of admission (%) n = 5754 Planned 567 (100)
Acute -
Patients with ADE (%) 130 (23)
Patients with pADE (36} 3

Patient characteristics
o 572 (19) 336 {22}
] 548 (18) 259 (17)
126 (50} 985 (33) 397 (26}
124 (50} 884 (29) 558 (36)
17 4N 1 668 (56) 894 (58)
133 (53) 1332 (44) 656 (42)
82 (33) 2 288 (76) -
168 (67) 712 (24) -
37 (15) 1561 (52) 465 (30)
213 {85} 1438 (48) 1013 {65)
36 (14) 656 22 189 {10
214(8) 116 (4) 81 (%)

Summmary measures and synthesis of results
Data from a total of 5367 admitted patients were available
for the present IPDMA, 28171 surgical and 2556 non-
surgical patients. The overall number of ADEs was 1304 of
which 265 (20%) were preventable. Per 100 admissions,
243 (95% (1 22.8, 25.9) ADEs and 4.9 (95% (1 4.3, 5.6)
pADEs were counted. ADEs occurred less frequently in
surgical patients compared with non-surgical patients
without reaching statistical significance (P value = 0,061),
with 22.9 (95% (I 20.9, 25.1) ADEs per 100 admissions vs,
25.9 (95% Cl 23.6, 28.3). The occurrence of pADEs was sig-
nificantly lower in surgical patients, with 4.2 (95% (1 3.5,
5.1) pADEs per 100 admissions vs, 5.7 (85% Cl 4.8, 6.8) in
non-surgical patients (P value = 0.024).

Patient factors associated with ADEs All patients were
evaluated to define factors associated with one or more
ADEs using a univariable and multivariable analysis. In the
univariable analysis, the variables age and polypharmacy
on admission significantly contributed to the occurrence
of ADEs and pADEs. In line with the higher occurrence of
pADEs in non-surgical patients, a non-surgical service was
identified as a factor associated with pADEs as well
(Table 2). In a multivariable logistic regression analysis, age

552 | 794 [/ Br}Clin Pharmacol
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was the only identified factor associated with ADEs, while
age and polypharmacy on admission were both factors
associated with pADEs. Equal results were found in a sub-~
group analysis in patients over 65 years (Table 2).

The variable 'Study’ did not affect the identification of
factors associated with (p)ADEs in the hierarchical regres-
sion model for the whole group, as well as the senior
group,

Detection and nature of ADEs All studies used triggers
such as clinical symptoms, labaratory values ora combina-
tion of both to detect ADEs. The greater part of the ADEs
was detected by clinical symptoms, 937 of 1304 ADEs
(72%). The role of laboratory values in detecting ADEs and
pADEs was significantly higher in the severe ADE severity
category (P < 0.001) (Table 3).

The probability of a causal relationship between
adverse event and an administered drug was deemed
certain in 12%, probable/likely in 42% and possible in 46%
of the ADEs. Causality was significantly more often certain
in pADEs compared with non-preventable ADEs (30% vs.
9%, P < 0.05) [10, 11, 17].

Next, the focus was on the type of medication account-
able for ADEs [10, 11, 16, 17]. For the additional analysis,



An IPDMA on factors associated with ADEs in surgical and non-surgical inpatients Bj@?

Table 2

Factors associated with (preventable) ADEs

0.242

Urgency of admission  Planned ) 1 ' . 1 B 1 1
{n = 5295) Acute 0.94 (0.82, 1.08) 0.367 1.22 (0.94, 1.58) 0137 0.97 (0,82, 1.14) 0.687 1,16 (0.86, 1.56) 0.330

Crude odds ratios (OR) are presented based on logistic regression analysis. ADEs, adverse drug events; pADEs, preventable adverse drug events. *Data from three studies
10, 11, 171

Tabie 3
Triggers identifying ADEs

(8: 1254
Laboratory 253 (24)

L

ADEs, adverse drug events, Results are calculated using a chi-square test. *Data from three studies [10, 11, 17],

data from only three studies were used [10, 11, 17], since data from three cohorts {10, 11, 171). Furthermote, more
one study had only analyzed the severity on pADEs [16], severe ADEs were seen in non-surgical patients compared
Applying the weighing model as described in the methods with the surgical patients (43% vs. 28%, P < 0.001),
section, resulted in a top five of HRDs: antibiotics, seda- For the 265 pADEs associated with medication errors,
tives, anticoagulants, diuretics and antihypertensives the medication error stage could be determined in 264 of
(Table 4). the 265 pADEs. The majority of medication errors were

The type of events associated with HRDs in the various found in the prescribing stage (90%). A slightly higher
medication groups was evaluated [10, 11, 171. An overview number of prescribing errors occurred in surgical patients
of all event types, the preventability and severity of the {94%), compared with non-surgical patients (87%), but just
events can be found in Table 5 [10, 11, 16, 17]. The events failed to reach significance (P = 0.055). Importantly, in the
were ordered based on their association with HRDs. The severe pADE severity category 96% of the errors were asso-
event types associated with HRDs were often associated ciated with prescribing errors.

with abnormal laboratory values, such as abnormal liver
function tests (19%) or impaired haemostasis {4%). Other
event types were diarrhoea or constipation {35%), central

nervous system event (18%) and skin and/or allergic reac- Discussion
tion (119).

A non-significantly higher proportion of pADEs in non- The overall occurrence of ADEs and more specific pADEs
surgical patients was identified, 146 of 661 non-surgical constitutes a serious problem in hospitalized patients. The
ADEs (229%) vs. 119 of 643 surgical ADEs (19%, P=0.108). A patients and/or drugs factors associated with the occur-
total of 13 ADEs directly contributed to the death of a rence of a {p)ADE as provided by the present IPDMA can be
patient, seven of which were judged as preventable. Sig- used to target tailored interventions aimed at reducing
nificantly more pADEs were classified severe compared ADEs. Non-surgical, elderly patients with polypharmacy on
with the non-preventable ADEs (55% vs. 32%, P < 0.001;in admission and/or receiving HRDs (antibictics, sedatives,
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Table 4

Medication accountable for ADEs

" Type of medication

eedatiy
Antiblotics

Diuretics

252 {38)

ADEs, adverse drug events; HRDs, high nisk drugs; NSAIDS, non-steroidal anti<inflammatory drugs. *Data from three studies (10, 11, 171, tn = 1107, severity was not assessable in
three cases. ¥Wweighing algorithm based on the fraction of all ADEs related to the type of medication (fADE), the medication-related proportion of severe ADEs (pS), the relative
weight of severe (WS} compared with mild ADEs, and the medicationsrelated proportions of preventable severe (prevs) and mild {prevMy ADEs: TADE*[pS™wS*prevs + (1 -

pSy*previv). w5 was set at § in this calculation,

Table 5

ADE classification

Electrolyte imbalance

Ky
Nausea and/or voriting

Hy'pgglycaemia 7

743)

79 (52)

8(30) 0

ADEs, adverse drug events. *Data from theee studies [10, 11, 17] 1nr= 1107, severity was not assessable in three cases.

anticoagulants, diuretics and antihypertensives) require
increased alertness.

This IPDMA led us to conclude that non-surgical
patients are the ones who have a higher risk of pADEs
compared with surgical patients. An explanation for this
conclusion may be the age difference in both groups. Non-
surgical patients in the included studies were older than
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surgical patients. This age difference remained when
excluding the WINGS study that was conducted exclu-
sively in elderly patients. Other grounds for this contrast
might be the urgency of admission and length of hospital
stay. Surgical admissions were more frequently planned
admissions, whereas internal medicine has more acute
admissions. The length of stay could increase the risk for
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developing pADEs as the longer the hospital stay, the
more time patients are exposed to possible errors and
their adverse effects. However, in the IPDMA, hospital stay
of surgical admissions was comparable with non-surgical
admissions. ' B

Previous studies determined patient factors associated
with ADEs in ambulatory care, nursing home residents and
adult hospitalized patients. They concluded that age,
gender, number of drugs, comorbidity and medical (non-
surgical) service are important factors [20-23]. These
studies were performed 20 years ago and perhaps are now
outdated. Moreover, most of these studies were case-
control studies that have a high risk of bias in comparison
with prospective studies. One prospective cohort study
was found. However, it relied on patient interviews for
identifying ADEs and was entirely lacking objective meas-
urements, which leads to highly biased results [21]. This
IPDMA is comprised exclusively of prospective patient
data. Therefore, this large international dataset has an
explicit additional value in determining the genuine
factors associated with ADEs.

Next to identification of patient groups with an
increased risk of developing {p)ADEs, medication types
seem another important focus in identifying ADE risks. The
5 Million Lives Campaign by the Institute of Healthcare
Improvement focused on specific high ADE risk medica-
tion groups. In that campalgn 12 interventions aimed to
reduce morbidity and mortality due to medication errors
were proposed. One of these interventions was ‘Prevent
Harm from High-Alert Medications . .. starting with a focus
on anticoagulants, sedatives, narcotics and insulin’ [24].
The campaign focused on prevention of all harm caused
by medication, not solely harm perceived as preventable.
The necessity of increased alertness when prescribing anti-
coagulants and sedatives was confirmed by the present
IPDMA. According to this IPDMA, antibiotics, diuretics and
antihypertensives should be considered as high risk drugs
as well, To label certain categories of drugs as high risk
drugs, here not only frequency of ADEs was taken into
account but also the severity and the preventability of
thern. A rohust model was used for ranking types of drugs,
attributing a higher weight to those types causing severe
ADEs. It may nevertheless still be worthwhile to put more
effort into determining quantitative severity weights
for different ADEs among groups of professionals and
patients in future research.

Most errors in the medication order process occurred
at the prescribing stage. The stage of prescribing is the
most well documented stage of the medication order
process. Also errors at this stage are the root of most errors,
Nurses or anyone else will not likely intercept a wrong
prescription. Kale et al, estimated that in a hospital where 6
million doses a year were administrated, more than 4200
preventable ADEs attributable to medication administra-
tion errors occur annually. The costs could range anywhere
between $25 and $33 million in a 700-bed teaching hos-
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pital annually [25], Another study concluded that the most
important factor resulting in errors was the number of
items on a prescription [26].

The important value of this IPDMA compared with
single observational studies is the availability of ADE data
from very diverse and large patient populations. There-
fore, we were able to identify factors that can contribute
to an ADE based on patient characteristics and medica-
tion type. The originating countries and baseline charac-
teristics of the included studies were heterogeneous,
meaning that identified factors associated with ADEs
likely apply to various patient populations. If tailored
intervention strategies to prevent ADEs are based on
these factors they likely apply to any setting. The Agency
for Healthcare Research and Quality (AHRQ) reported that
‘Adverse drug events cannot be predicted by patient
characteristics or drug type’ [27]. With this IPDMA,
however, due to the large population it was deemed pos-
sible to predict ADEs based on patient characteristics or
drug type. On the other hand the diversity of studies
unfortunately is a limitation as well. The population size
varied. About half (56%) of the study population in this
IPDMA consisted of patients from the JADE study [17].
Moreover, due to the minor differences in study design
and recorded variables, only a small number of corre-
sponding variables could be included in this IPDMA. In
doing so, some more specific patient factors that presum-
ably influence the risk for an ADE might have been left
out In this analysis. For example the health status of the
admitted patient, based on comorbidities and expressed
as ASA classification, the body mass index or social class
could not be retrieved from all studies and were therefore
not included. These potential confounders, if known,
could have influenced the observed association patterns,
Hence, further differentiation in targeting areas for future
interventions like elderly people with particular morbidity
or disease statuses is well conceivable. For now, the
JPDMA focused on information that is known for most
patients on admission and thereby readily available for
involved caregivers.

The study by Berga Culleré et al. focused on pADEs and
while variables regarding these events were fairly com-
plete, data on severity of non-preventable ADEs were
absent [16]. The urgency of admission was manually deter-
mined based on the reason for admission, if sufficient
information was available, The study by Berga Culleré et al.
was excluded from analysis whenever the missing vari-
ables were required for that specific analysis, such as analy-
sis of severity for non-preventable as well as preventable
ADEs. Fortunately data from the Berga Culleré et al. study
could be used in analyses for appointing patient charac-
teristics that could be an indicator for the occurrence of
(p)ADEs. To prevent bias due to their missing values, an
additional patient risk factor analysis was performed, while
excluding the Berga Culleré et al. study. It did not appear
to be a confounding factor, since factors associated with
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(p)ADEs in this analysis (age and polypharmacy on admis-
sion) remained unchanged.

Some limitations of the data analysis must be noted as
well. It was originally intended to include the variable
‘length of hospital stay’ in the multivariable analysis of
factors associated with (p)ADEs, However, it was necessary
to exclude this variable as a prospective risk factor for two
main reasons: causality and unfitness for use as a predictor.
First, it is difficult to discriminate between long hospital
stays resulting in more time and opportunities for ADEs to
take place on the ane hand and prolonged hospitals stay
resulting from experiencing an ADE on the other hand.
Secondly, the length of hospital stay cannot be used as a
predictive factor, since this factor develops during hospital
stay and is not yet available on admission.

Another limitation might be that the factors potentially
associated with (p)ADEs were all selected from available
and accessible data from the included studies. Potential
confounders like morbidity and disease status were not
assessed, but could have influenced the observed associa-
tion patterns, if known. Hence, further differentiation in
targeting areas for future interventions like elderly people
with particular morbidity or disease statuses is well
conceivable,

Furthermore, two datasets from different studies at our
centre were used. These studies were included because
the methodology was similar, albeit not fully equal. In the
WINGS study, the experts conducted a full chart review
using the trigger-tool only as an aid and not for patient
pre-selection [11]. In the Surepill study, a trigger tool was
used to pre-select patients [10], Only patients with identi-
fied triggers in their charts were further assessed by an
expert team for ADEs [28]. For the purpose of this IPDMA,
only ADEs that were identified by the trigger tool in the
WINGS study wete included, to optimize the comparability
with the Surepill study. When using trigger tools to identify
ADEs, ADEs not related to triggers can be missed [29].

The updated liverature search yielded one prospective
cohort study on the occurrence and nature of (p)ADEs in
Saudi Arabia [19]. The study included 496 medical (non-
surgical), 306 surgical and 175 ICU patients. The overall
incidence of ADEs was 8.5 {95% (I 6.8, 10.4) and prevent-
able ADEs 2.6 (95% Cl 1.6, 3.7) per 100 admissions. The
stage of errors was most frequent at the prescribing stage
of the medication use process. The most frequent prevent-
able ADEs according to drug classes were antibiotics,
anticoagulants and antihypertensives. Significant factors
associated with an increased odds ratio for ADEs were age,
ICU, number of medications at admission and comorbidity.
Surgical wards had a significantly lower odds ratio for
ADEs.

In conclusion this IPDMA provided patient, drug and
event characteristics that are associated with the occur-
rence of {(p)ADEs. In particular elderly patients with
polypharmacy on admission and use of high risk drugs are
prone to experience ADEs. Efficiency in the prevention of
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ADEs can be improved by targeting vigilance systems for
alertness of physicians and pharmacists,
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ABSTRACT

Objectives Knowledge about the epidemiology
of adverse drug events (ADEs) and medication
errors in paediatric inpatients is limited outside
Western countries, To improve paediatric patient
safety worldwide, assessing local epidemiology is
essential.

Design The Japan Adverse Drug Events (JADE)
Study was a cohort study.

Setting Paediatric inpatients at two tertiary care
teaching hospitals in Japan.

Main outcome measures ADEs and medication
errors identified by onsite review of all medical
charts, incident reports and prescription queries
by pharmacdists. Two independent physicians
reviewed all incidents and dassified ADEs and
medication errors, as well as their severity and
preventability.

Results We enrolled 1189 admissions which
included 12 691 patient-days during the study
period, and identified 480 ADEs and 826
medication errors. The incidence of ADEs was
37.8(95% Cl34.4 10 41.2) per 1000 patient-days
and that of medication errors was 65,1 (95% Cl
60.6 to 63.5) per 1000 patient-days. Among
ADEs, 4%, 23% and 73% were fatal or life-
threatening, serious and significant, respectively.
Arnong the 480 ADEs, 36 (8%) were considered
to be preventable which accounted for 49 of all
medication errors, while 668 (81%) of all
medication errors were judged to have the
potential to cause harm to patients. The most
compon error stage for preventable ADEs was
monitoring (78%) whereas 95% of potential
ADESs occurred at the ordering stage.
Conclusions ADEs and medication arrors were
common in paediatric inpatients in Japan, though
the proportion of ADEs that were preventable was
fow. The ordering and monitoring stages

INTRODUCTION

Adverse drug events (ADEs) are injuries
due to medication use'. ADEs represent a
serious problem in healthcare because
they are the most frequent cause of injur-
ies due to medical care in hospitals in
developed countries® * and are associated
with substantial increases in morbidity
and mortality.? 4%

Paediatric inpatients are also vulnerable
to ADEs and medication errors.”
Physiologically, they often have limited
reserves with respect to metabolism and/or
fluid volume. Preschoolers and younger
children are even more vulnerable, because
they cannot describe their symptoms and
they also vary substantally in terms of
weight. Several studies of ADEs and medi-
cation errors in paediatric inpatients have
been done,”** and in addidon a few
studies of medication error prevention
strategies have been performed in paediat-
ric inpatients.'>~'¢ However, most of these
studies were from Western countries and
their results cannot be extrapolated 10
other settings globally without basic data
from other parts of the world,*”

Thus, we conducted the Japan Adverse
Drug Events (JADE) Study, a multicentre
cohort study in several settings in Japan.®
The JADE Study for paediatrics was con-
ducted in a historical cohort study
fashion to estimate the epidemiology and
nature of ADEs and medication errors in
paediatric inpadents in Japan.

METHODS
Study design and patient population
We conducted this JADE Study in the

saf 2014,23:830-837, appeared most important for improving safety. paediatric inpatient setting in two tertiary
5 e ki . wal Sa 23+ ;. e 301
830 ﬁiz; Sekuma M, et al, BM/ Qual Saf 2014;23:830-837. doir10.1136/bmiqs-2013-002658 3 H j
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care teaching hospitals in Japan. The total number of
beds in these two hospitals is 1754 and 152 beds
among them were for paediatric inpatients. One hos-
pital had an electronic medical record with an alert
system for a drug-drug interaction and duplicate pre-
scriptions. Another hospital did not have either an
electronic medical record or any alert system but had
only computerised order entry for simple drug pre-
scriptions, blood tests and radiographs. The study
used a cohort study design.

Both hospitals care for adult and paediatric patients.
Some paediatric patients were admitted to units
including adults such as the regular intensive care
units (ICUs), emergent care units or subspecialty
wards, such as otolaryngology, a practice which is
common in Japan. Others were admitted ro the neo-
natal ICUs (NICUs), the paediatric ICUs (PICUs) or
general paediatric wards. A few adule patients were
also cared for by paediatricians and admirted to the
paediatric ward, though this group comprised less
than 1% of the admissions to these units. They gener-
ally had complex long-term medical conditions, such
as congenital diseases (eg, metabolic disease or cere-
bral palsy) or multiple disabilities.

There are only a few independent children’s hospi-
tals in Japan and they generally have more complex
patients in terms of severity than general hospitals,
but we did not include any of these hospitals in this
study. However, one of the hospitals in this study was
a university affiliated hospital which does have very
complex patients. :

We studied all paediatric wards including the NICU
and the PICU. We also studied the ICU, the emergent
care unit, and the general adult ward when paediatric
patients (<15 years old) were admitted. Thus, we
included all patients aged <15 years admitted to any
ward and patients aged >15 years old who were
admitted to any of the paediatric wards over a
3 month study period in 2009.

We had “well baby nurseries” in both hospitals.
However, neonates at the well baby nursery were
excluded from this study because they were healthy
and were not cared for by paediatricians. Instead, if
neonates at birth had a problem such as temporary
dyspnioea or mild cyanosis of the limbs, they were
admitted to the NICU and cared for by neonatolo-
gists. Therefore, the NICU included relatively healthy
neonates as well as critically ill neonates. Because of
this dichotomy, we elected to classify neonates in the
NICU into two categories according to birth weight;
low birthweight (LBW) neonates weighing <2500 g
and non-LBW neonates weighing 22500 g. The main
units of evaluation were patient-day and number of
admission. The institutional review boards of the two
participating hospitals approved the study. Because all
data were obtained as part of routine daily practice,
informed consent was waived by the institutional
review board. '

Definitions

The primary outcome of the study was the ADE,
defined as an injury due to a medication use.’ For
example, a rash in a patient receiving ampicillin
without another obvious cause was considered an
ADE. We also identified medication errors, which
were defined as any deviation from appropriate use of
medication in any step of the medication use process
including ordering, transcribing, dispensing, adminis-
tering or monitoring.! Some ADEs were associated
with a medication error and were considered prevent-
able (preventable ADEs), while some were not asso-
ciated with a medication error and were considered

. non-preventable. Preventable ADEs included amelior-

able ADEs: ameliorable ADEs occurred when care was
otherwise appropriate bur the patient developed issues

- that could have been addressed sooner; such injury

could be ameliorable when appropriate action was
taken during the monitoring stage. An event that had
potential for harm but did not result in injury was
considered a potential ADE. If potential ADEs were
intercepted before reaching the patient, they were
considered an intercepted potential ADE, An example
would be if a physician ordered ampicillin in a patient
with known penicillin allergy, but that order was inter-
cepted and corrected by a pharmacist. A non-
intercepted potential ADE would be when a physician
administered ampicillin to a patient known to be aller-
gic to penicillin without interception, but nothing
occurred by chance.

Data collection and review process

Trained reviewers were based at each participating
hospital and reviewed all medical charts along with
laboratories, incident reports and prescription queries
by pharmacists. The trained reviewers consisted of a
board-certified paediatrician, paediatric nurses and a
dietitian, and the paediatrician trained all reviewers in
a standard manner, as reported elsewhere.! They col-
lecred the characteristics and administrative data for
all enrolled patients in the cohort. Then, they identi-
fied incidents such as ADEs, potential ADEs and
medication errors, as well as the details of those inci-
dents. Data collected for incidents included the name,
dose, route and class of the drug, the details of symp-
toms if the incidents were ADEs, and the details of
errors such as stage, persons who were in charge, or
causes if the incidents were errors.

Two independent physician reviewers evaluated all
incidents collected by the research assistants and clas-
sified them as ADEs, potential ADEs, medication
errors and exclusions. The physician reviewers rated
ADEs and potential ADEs according to the severity of
injuries or potential injuries to the patient using a
4-point scale as well as their preventability using a
5-point scale. Categories of severity were fatal, life-
threatening, serious and significant. Fatal ADEs
resulted in death; life-threatening ADEs caused such
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issues as transfers to ICU or anaphylactic shock,
serious ADEs included gastrointestinal bleeding,
altered mental status, excessive sedation, increased
creatine or a decrease in blood pressure, and signifi-
cant ADEs included cases with rash, diarrhoea or
nausea, for example. Reviewers considered ADEs as
preventable or ameliorable if they were due ro an
error. :

If a medication error was found, the type of error
and the error stage in the process where it occurred
were classified. The stages of the medication use
process were classified into ordering by physicians,
transcription by nurses, dispensing by pharmacists or
nurses, administration by nurses, patents themselves
or caregivers, and monitoring by physicians or other
health professionals. When disagreement affected the
classification of an incident, the physician reviewers
reached consensus through discussion.

Statistical analyses

The incidence per 1000 patient-days, the rates per
100 admissions and the 95% Cls were calculated as a
whole, by age group (neonates, infants, preschoolers,
school-age children, teenagers or adults) and by ward
category (the paediatric general ward, the NICU, the
PICU, the ICU, the emergent care unit or the adult
ward), respectvely. Continuous variables are pre-
sented as means with SDs or medians with IQRs, and
categorical variables are shown as numbers and per-
centages. We calculated inter-rater reliabilities using
the « statistics. We carried ourt all analyses using JMP
V8.0 (SAS Institute, Cary, North Carolina, USA)
software.

RESULTS

We enrolled 1189 admissions with 12 691 patient-days
on the study wards. The median age was 2 (IQR 0-7)
years and 35% (649/1189) were male. The median
hospital stay was 5 (IQR 3-9) days, and the median
number of medications administered to a parient on
admission was 4 (IQR 26} (table 1). The patients
included 252 (2196) neonates, 174 (149) infants, 465
(39%) preschoolers, 189 (16%) school-age children,
98 (8%) teenagers and 11 (0.996) adults (table 2). We
had more patients with cancer in the teenagers’ group
than in other age groups (N=6, 6%). Overall, 169
patients were admitted to the NICU, where 69 (419)
were LBW neonates and 100 (59%) were non-LBW
neonates {table 2). The hospital stay was longer in the

LBW neonates and more medications were prescribed
to the LBW neonates on admission than non-LBW
neonates (median hospital stay; 26 days vs 4 days, the
median number of medications on admission; 4 vs 2).
Among the 37 patients admitted to the ICU, 35
patients (95%) had had an operation and came to the
ICU directly after a procedure, and 15 of these 35
patients were transferred to the PICU from the ICU as
a step to be back to the general paediatric ward. Thus,
83% (15/18) of the PICU-admitted patients were trans-
ferred from the ICU. Physician reviewers had moderate
to excellent agreement with x statistics of 0.31-0.86.

Adverse drug events

The onsite research assistants identified 1767 inci-
dents during the study period. Among these incidents,
physician reviewers judged that there were 480 ADEs
in 234 patients (209), for the incidence of 37.8 (95%
CI 34.4 10 41.2) per 1000 patient-days and the rate
per 100 admissions of 40.4 (95% CI 36.8 1o 44.0)
(figure 1). Among those 234 patients who had ADEs,
26 patients (119) had three or more ADEs.

The incidence of ADEs was the highest in teenagers
(table 2). Among neonates, incidence was lower in
non-LBW neonates in the NICU than LBW neonates
in the NICU and neonates in the general paediatric
ward (table 2). The incidence in infants, preschoolers
and school-age children were almost similar, and
those age groups accounted for 70% of all patients.
The incidence by ward category was the highest in the
ICU and the lowest in non-LBW neonates in the
NICU (table 2).

Seventeen fatal or life-threatening ADEs occurred in
15 patients during their hospital stay, which accounted
for 3.5% of the 480 ADFEs. Fatal or life-threatening
ADEs included respiratory depressions, allergic reac-
tions with dyspnoea, sepsis, airway bleeding and
hypoglycaemia. Among the 17 fatal or life-threatening
ADEs, 6 ADEs involved sedatives, 4 narcotics and 3
antibiotics. Serious ADEs and significant ADEs
accounted for 2396 and 73% of all ADEs, respectively.

Regarding organ systems affected by ADEs, gastro-
intestinal were most frequent, accounting for 45% of
all ADEs followed by allergic or skin symptoms (12%6)
and metabolic or liver dysfunction (119} {table 3).

Among drug classes, antitumour agents and antibio-
tics accounted for 319 and 30% of all ADEs, respect-
ively., Narcotics and steroids were the next leading

Table 1 The number of medications on admission according to the ward category

NICY
. Paediatric  LBW Non-LBW Emergent  Adult
Total ward neonates neongtes  PICU 1y care unit  ward
The number of medications on 4(2,6) 4 (2, 6) 3(2,4) 657 74100 5@, 70 3(1,6)
admission, median (25, 75%) 4(3, 6) 22,3

JCU, intensive care unit; LBW, low birth waight; NICU, neonatal intensive care unit; PICU, paediatric intensive care unit.
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Table 2 Incidence of adverse drug events and medication errors
Adverse drug events ' i Patient-days ADEs incidence®  95% (I Ratet 95% Ci
Total 1189 12691 480 37.8 34410412 404  36.81044.0
Age category
Neonates (<1 month) 252 4757 53 1.1 8.1t 14.1 210 15410267
EBW neonates, NICU 69 3270 44 135 9.5t 174 638 44910826
Non-LBW neanates, NICU 100 944 2 2.1 026 t0 7.7 2.0 02410 7.2
General paediatric ward 83 543 7 12.9 5.2 10 26.6 8.4 3410174
Infants (1 month=< <1 year) 174 1923 84 43.7 34310 53.0 483  38.0t0 586
Preschoolers (1 year =< <7 year s) 465 3425 157 45.8 38.7 10 53.0 33.8 28510390
School-age children (7 years==< <13 years) 189 1459 73 50,0 386t 615 386 298 t0 47.5
Teenagers (13 years=< <19 years) 98 1081 112 103.6 844101228 1143 931101355
Adults (19 years=<) 1" 46 1 217 0.55 to 121.1 9.1 0.23 10 50.7
Ward category
Paediatric ward 704 7007 364 51.9 46.6 10 57.3 517 46410570
NICU 169 4214 46 10.9 1.8 10 14.1 27.2 19410351
LBW neonates 69 3270 44 13.5 951t 174 63.8 44910828
Non-LBW neonates 100 944 2 2.1 02610 7.7 2.0 0.24107.2
PICU 18 157 2 127 1.5 10 46.0 11 1.3 10 40.1
Icy 37 107 9 84.1 38,5 0 159.7 243 11110462
Emergent care unit 98 197 11 55.8 22810 888 1.2 46 t0 17.9
Adult ward 163 1009 48 476 34110610 294 N0t0378
Medication errors N Patient-days Medication errors  Incidence*  95% CI Ratet 95% 4
Total 1189 12691 826 65.1 60.6 to 69.5 69.5 64.7 t0 74,2
Age category
Neonates (<1 month) 252 4757 161 33.8 28.6 to 39.1 639 54010738
LBW neanates, NICU 69 3270 112 343 27.9 0 406 1623 132310 1924
Non-LBW neonates, NICU 100 944 36 381 25.7 10 50,6 36.0 24,210 47.8
General paediatric ward 83 543 13 23.9 10.9 to 37.0 15.7 7.11024.2
Infants (1 month=< <1 year) 174 1923 70 36.4 27910449 402 30810 49.7
Preschoolers (1 year =< <7 year) 465 3425 283 82.6 73.01t0923 608  53.8t0680
School-age children (7 year=< <13 year) 189 1459 175 119.9 102.2 t0 137.7 926 78910 1063
Teanagers (13 year=< < 19 year) 98 1081 125 115.6 954101359 1276 105210 1499
Adults (19 year=<) 11 46 12 2609 1133104085 109.1 47410 170.8
Ward category
Paediatric ward 704 7007 440 62.8 56.9 10 68.7 625  56.7 10683
NICU 169 4214 148 35.1 29.5 t0 40.8 876 73510 1017
LBW neonates 69 3270 112 343 27910 406 1623 132310 1924
Non-LBW neonates 100 944 36 38.1 25.7 to 50.6 360 24210478
PICU 18 157 1 6.4 0.16 to 35.5 5.6 0.14 10 31.0
Icu 37 107 15 140.2 69.2 to 211.1 405 200t 611
Emergent care unit 98 197 82 416.2 326.1 to 506.3 83.7 65610 1018
Adult ward 163 1009 140 138.8 115.8 10 161.7 85.9 717 10 100.1

ADEs, adverse drug events; ICU, intensive care unit; LBW, low birth weight; NICU, neonatal intensive care unit; PICU, paediatric intensive care unit.

*Per 1000 patient-days.
tPer 100 admissions.

categories at 9% and 7%. Other drug classes
accounted for less than 5% of all ADEs.

Medication errors and potential adverse drug events

We identified 826 medication errors among 349
patients (29%): the incidence was 65.1 (95% CI 60.6
10 69.5) per 1000 patient-days, and the rate was 69.§

(95% CI 64.7 to 74.2) per 100 admissions. Among
those 349 patients who had medication errors, 102
patients (29%) had three or more medication errors.
The incidence was higher in older age groups:
adults had the highest incidence followed by school-
age children and teenagers, and the lowest in neo-
nates. Among different wards, the incidence was the
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Adverse drog events
with medication errors 36 (35 patients)

Adverse drug events
N, 480 (234 prticnts}
Medication errors s
826 (349 patients)

--—
- ~a

No risk to harm patients
122 (83parients)
Figure 1 Relationship between adverse drug events and
medication errors.

highest in the emergent care unit followed by the ICU
and the adult ward. On the other hand, the incidence
was lower in the PICU and the NICU (table 2).
Among the 826 medication errors, 36 (4%) resulted
in ADEs, so that 8% of all 480 ADEs were considered
preventable. Twenty-eight ADEs of these 36 prevent-
able ADEs (78%) occurred at the monitoring stage—
ordering and administration were appropriare, but
patients had prolonged symptoms related to the medi-
cations that were not addressed promptly. Thus, they
were classified as preventable ADEs in terms of dur-
ation or severity (table 4). Of the remaining 790
medication errors, 668 (8196) had the potential to
cause harm for patients, and were thus potential
ADEs (figure 1). The incidence of preventable ADEs
was 2.8 (95% CI 1.9 to 3.8) and that of potential
ADEs was 52.6 (95% CI 48.6 to 56.6) per 1000
patient-days. Nineteen per cent of potential ADEs
were intercepted before a drug was administered to a
patient, and thus, they were considered intercepted
potential ADEs, The remaining 538 potential ADEs
were non-intercepted potential ADEs: the patient did
not actually take the drug in 113 cases (21%) and took
the drug but no injuries occurred in 425 cases (79%).
The incidence of intercepted and non-intercepted
potential ADEs were 10.2 (95% CI 8.5 to 12.0) and
42.4 (95% CI 38.8 to 46.0) per 1000 patient-days,

Table 3 Symptoms of adverse drug events

Symptoms ADEs (%)
Bleeding 10 (2)
Central nervous 46 (9)
Allergic/skin 57 (12)
Metabolic/liver 51 (11)
Cardiovascular 16 (3)
Gastrointestinal 214 (45)
Renal 16 (3)
Respiratory 19 (4)
Bone marrow 38 (8)
QOthers 133)

ADEs, adverse drug events.

Table 4 The details of preventable adverse drug events

The number
Error stage  of ADEs (%)  Examples of event
Ordering 7Q19) Excessive sedation, tachycardia by

overdosing or rash by administration of
medication with the past history of
allergy

Worsen a symptom by forgetting to
administer the medication

Prolonged sever eczema due to
diarthoea by antibiotics, prolonged rash
by medication or intravenous
administration related extravasations
with tissue damages

Administering  1{3)

Monitoring 28 (78]

ADEs, adverse drug events.

respectively. The remaining 122 (15%) medication
errors had very low potential to harm padents. The
most common stage for preventable ADEs was the

. monitoring stage (7890) whereas 95% of potental

ADEs arose at the ordering stage (table 5).

The most common drug class involved in prevent-
able ADEs was antibiotics (§8%0) while laxatives was
the most common in potential ADEs (189%). Although
antitumour agents were the most frequent drug class
associated with ADEs, only one case was judged
preventable.

DISCUSSION

We found that ADEs were frequent in the paediatric
inpatient setting in Japan, with an ADE incidence of
38 per 1000 patient-days, though most were not pre-
ventable. There were also 65 medication errors per
1000 patient-days.

The present study used the same methodology as a
study in the paediatric inpatient setting by Kaushal
et al” as well as the studies in adult settings in Japan
and the USA.® ¢ Kaushal et al reported an incidence
of ADEs of 7 per 1000 patient-days, about a fifth the
rate in this study, and an incidence of medication
errors of 157 per 1000 patient-days, which was twice
the rate in this study. Other studies have also reported
the incidence of ADEs: Holdsworth et af® reported 8
ADEs per 1000 patient-days; Takata et al. reported 22
ADEs per 1000 patient-days,” Kunac et al'” reported
22 ADEs per 1000 patient-days, and Agarwal et af'®
reported 49 ADEs per 1000 patient-days in PICUs.
These incidences were generally similar, bur more
recent studies reported higher incidences (rable 6).
The reasons for the higher recent incidences are
unclear, but potential hypotheses could be that techni-
ques for finding ADEs have improved, or more drugs
might be being used. The differences of patients’
demographics and physicians’ practice in each study
setting also could be related to the incidence because
they influenced the class of and the number of medi-
cations administered to patients. For example, patients
with cancer need chemotherapy, which cause more
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Table 5 Stages of primary errors associated with preventable and potential adverse drug events

Ordering Transctiption Dispensing Administration Monitoring
Event n (%) n (%) 1 (%) n {%) n (%)
Preventable ADEs 7(19) 0 00 1{3) 28 (78)
Intercepted potential ADEs 130 (100) o) 0{0) 0 0{0)
Non-intercepted potential ADEs 503 (93) 0 102 27 (5) 7{1)
All zhove events 640 (91) 0(0) 1(0.1) 28 (4) 35(5)

ADEs, adverse drug events,

ADBEs. Similarly, physicians in a certain hospital or
country may be more likely to order more medica-
tions than others, We found that the epidemiological
characteristics of ADEs and medication errors
between these previous reports and the present study
were fairly similar, such as the severity of ADEs,” ® 1°
the drug classes related to ADEs,® the proportion of
preventable ADEs” ® and stages for which medication
errors were most frequent.”™

We also compared the results of the present study
with our study in the adult inpatient setting.® The
incidence of ADEs was higher in paediatric than adult
patients (37.8 vs 17.0 per 1000 patient-days) while
the incidence of medication érrors was about eight
times higher in this paediatric study than in our adult
study (65.1 vs 8.7 per 1000 patient-days). The higher
incidence of medication errors in paediatrics could be
because of specific complexities in the drug ordering
and delivery process in children; individual drug
dosage calculation is needed according to age and
weight, which can increase opportunities for error
with a high risk of 10-fold errors at the ordering
stage,'® 2% and young children cannot report to care-
givers or healthcare professionals about their symp-
toms due to ADEs, causing more frequent monitoring
errors in the paediatric setting. On the other hand,
medication errors were most prevalent in adults in
this study, perhaps because they are relatively infre-
quent in general paediatric wards. School-age children
and teenagers also had a higher incidence than
younger children. When physicians prescribed medi-
cine for older children and adults, they often made
errors in directions around dose and frequency.

We had more patents with cancer in the teenager
group than in other age groups, and these patients
had received chemotherapy, which resulted in the
higher incidence of ADEs in teenagers. Among neo-
nates, non-LBW neonates in the NICU had a lower
ADE incidence than LBW neonates in the NICU and
neonates in the general paediatric ward because they
are relatively healthy. In the PICU, 83% of patients
were transferred from the ICU as an interim location
before returning to the general paediatric ward for
postoperative care. This practice likely differs from
that in most Western PICUs which may be the reason
that the ADE incidence in the PICU was relatively low
in our study.'® Not surprisingly, ADE incidence was
higher in ICUs than in general care units.

In this study, only 8% of ADEs were considered pre-
ventable, in that few were associated with an obvious
error. This lower proportion of preventable ADEs
compared with the previous studies is probably in
part due to the high proportion of patients who
received chemotherapy in this study; a third of the
ADEs were associated with antitumour agents and
they occurred due to its high roxicity without errors
except one judged as preventable. This situation
decreased the proportion of preventable ADEs overall.
Except chemotherapy related ADEs, preventable
ADEs accounted for 119, which was consistent with
the previous studies.® 7 From the safety perspective,
preventable and non-preventable ADEs are important
because those ADEs which are not judged preventable
today may be preventable in the furure, and both
result in harm,

Several studies have reported that interventions with
information technologies including computerised
physician order entry®' *%, as well as pharmacist par-
ticipation in physician rounds, have been effective to
reduce medication errors in adult inpatient settings.>
A few studies have reported that the interventions
above would be effective to reduce medication errors
in paediatric inpatient setting as well.'3716 2426 Oy
finding showing the common epidemiological
characteristics of ADEs and medication errors between
Japan and Western countries may suggest that such
interventions for reducing the medication errors could
be beneficial in most developed countries.

Our study has several limitations. We conducted this
paediatric study at two tertiary care teaching hospitals.
Therefore, our results may not be generalisable to
non-tertiary care teaching hospitals where most chil-
dren received their medical care in Japan. Some ADEs
may not have been noted in the charts and may thus
have not been detected, which would make our esti-
mates a lower bound. However, more robust alterna-
tives to measure ADEs and medication errors have not
yet been developed, so the approach we used is the
current standard one.

CONCLUSION

We found that ADEs and medication errors were
common in paediatric inpatients in Japan, and that
there was a similar nature of ADEs and medication
errors to those arising in the paediatric settings in
Western countries. The proportion of preventable
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trigger methods study .
Incicdence of ADEs 378 48 23 221 5 66
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ADEs, adverse drug events; JADE, Japan Adverse Drug Events; NICU, neonatal intensive care unit; PICU, paediatric intensive care unit;.
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ADEs and potential ADEs among all medication errors
was substantial, and most of the errors occurred at the
ordering and the monitoring stages. Interventions to
support healthcare providers focusing on ordering to
and monitoring patients may improve medication
safety among paediatric inpatients, although more
testing of the potential benefits of these strategies
would be valuable in a variety of settings.
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