Clinical Medicine Insights: Pediatrics
Volume 15: 1-8

© The Author(s) 2021

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/1179556521995833

®SAGE

The Burden of Preventable Adverse Drug Events on
Hospital Stay and Healthcare Costs in Japanese
Pediatric Inpatients: The JADE Study

Hitoshi lwasaki!, Mio Sakuma!
and Takeshi Morimoto!

Department of Clinical Epidemiology, Hyogo College of Medicine, Nishinomiya, Hyogo, Japan.
2Department of Pediatrics, The Jikei University School of Medicine, Tokyo, Japan.

, Hiroyuki Ida?

ABSTRACT

BACKGROUND: Adverse drug events (ADEs) are a burden to the healthcare system. Preventable ADEs, which was ADEs due to medica-
tion errors, could be reduced if medication errors can be prevent or ameliorate.

OBJECTIVE: We investigated the burden of preventable ADEs on the length of hospital stay (LOS) and costs, and estimated the national
burden of preventable ADEs in pediatric inpatients in Japan.

METHODS: We analyzed data from the Japan Adverse Drug Events (JADE) study on pediatric patients and estimated the incidence of pre-
ventable ADEs and associated extended LOS. Costs attributable to extended LOS by preventable ADEs were calculated using a national
statistics database and we calculated the effect of preventable ADEs on national cost excess.

RESULTS: We included 907 patients with 7377 patient-days. Among them, 31 patients (3.4%) experienced preventable ADEs during hos-
pitalization. Preventable ADEs significantly increased the LOS by 14.1 days, adjusting for gender, age, ward, resident physician, surgery dur-
ing hospitalization, cancer, and severe malformation at birth. The individual cost due to the extended LOS of 14.1 days was estimated as USD
8258. We calculated the annual extra expense for preventable ADEs in Japan as USD 329676 760. Sensitivity analyses, considering the
incidence of preventable ADEs and the length of hospital stay, showed that the expected range of annual extra expense for preventable
ADEs in Japan is between USD 141468968 and 588450708.

CONCLUSION: Preventable ADEs caused longer hospitalization and considerable extra healthcare costs in pediatric inpatients. Our results

would encourage further efforts to prevent and ameliorate preventable ADEs.
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Introduction
Medications are the most frequent cause of injury due to medical
care and such injuries due to medication use, which may or may
not result from medication errors (MEs), are called adverse drug
events (ADEs)'> while an adverse drug reaction (ADR), a related
term, is defined as a response to a medicinal product which is nox-
ious and unintended by the European Medicines Agency.® The
World Health Organization announced the Third Global Patient
Safety Challenge as “Medication Without Harm” at the Second
Global Summit of Health Ministers on Patient Safety in 2017.7
ADEs represent a major public health issuel® because they are
associated with an increase in morbidity and mortality!3-12 and
cause substantial costs.’31° Specifically, preventable ADEs,
defined as ADEs due to MEs, are important because their impact
on patient health and healthcare costs can be reduced if an effec-
tive strategy is developed to ameliorate and prevent MEs.1¢

In pediatric settings, the risk of MEs is higher than that in
adult settings because pediatric patients often have limited

reserves with respect to metabolism and fluid volume and they
cannot identify and describe the MEs. Previous reports have
shown that pediatric inpatients are vulnerable to ADEs and
MEs.'7-22 Thus, the impact of preventable ADEs is larger in
pediatric patients than that in adults. Several reports have
shown that preventable ADEs extend the length of hospital
stay (LOS) in pediatric intensive care units and increase the
direct cost to emergency departments?3-26; however, little data
are available that identify the detailed epidemiology of pre-
ventable ADEs and quantify the additional resource utilization
associated with preventable ADEs among general pediatric
inpatients.'8-2227 Furthermore, most reports are from western
countries and data that reveal the impact of preventable ADEs
in Asian countries are scarce.23-26

Thus, we investigated the burden of preventable ADEs on
LOS and costs in our cohort of pediatric inpatients in Japan.
Then, we estimated the national burden of preventable ADEs
based on the results in our cohort.
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Materials and Methods
Study design and patient population

The primary outcome of the study was the burden of prevent-
able ADEs, which was calculated as both LOS and cost. The
LOS was estimated using the cohort of the JADE study for
pediatric patients, a historical cohort study that was carried out
in pediatric inpatient settings in 2 tertiary care teaching hospi-
tals in Japan. Cost was calculated using public data from the
open resource of the Statistics of Medical Care Activities in
Public Health Insurance conducted by the Ministry of Health,
Labour and Welfare (MHLW).28:29

The details of the JADE study for pediatric patients have
been described elsewhere.?? Briefly, patients are all admitted
inpatients regardless of ADEs or not; patients aged <15years
old who were admitted to any wards including neonatal inten-
sive care units (NICUs), pediatric ICUs (PICUs), and ICUs
and those aged >15years old who were admitted to pediatric
wards at 2 teaching hospitals in Japan during the 3month
study period in 2009 were included. The total number of beds
in these 2 hospitals is 1754, and 152 beds among them were for
pediatric inpatients.

This sub-study was limited to patients aged <15 years who
were admitted to pediatric wards, emergent care units, or adult
wards. We excluded inpatients admitted to NICUs, PICUs,
and ICUs because these inpatients, with intensive care, may be
different from those who were hospitalized in general pediatric
wards in terms of disease severity, treatment, original back-
ground, and cost of medical treatment.

Then, we divided our study population above into 2 groups:
patients who had preventable ADEs during their hospitaliza-
tion (patients with preventable ADEs) and patients who did
not have preventable ADEs during their hospitalization
(patients without preventable ADEs) to estimate the burden of
preventable ADEs.

The institutional review boards of the 2 participating hospi-
tals approved the study. Because all data were obtained as part
of routine daily practice, informed consent was waived by the
institutional review boards.

Data from the cohort study

In the JADE study for pediatric patients, an ADE was defined
as any injury due to medication use, which may or may not result
from MEs such as overdose or misuse.3 MEs were defined as
any deviation from the appropriate use of a medication at any
step in the medication use process including the ordering, tran-
scribing, dispensing, administering, and monitoring.® If ADEs
occurred that were related to such MEs, these ADEs were con-
sidered as preventable ADEs. For example, a rash in a patient
receiving ampicillin without another obvious cause was consid-
ered an ADE. If a physician ordered ampicillin in a patient with
known penicillin allergy, this prescription considered as a ME
and this rash considered as a preventable ADE.

We categorized patients’ age into 5 age group: neonates
(<1month), infants (1month < and <1year), preschoolers
(1year < and <7years), school-age (7years < and <13years),
and teenagers (13 years < and <15years).

We also categorized patients depending on their back-
ground: patients who had a major malformation such as cardiac
malformation, meningocele, or malformation due to chromo-
somal abnormality were considered patients with severe mal-
formation; patients who underwent any surgery during their
hospital stay were considered patients who had surgery; and
patients who had a history of cancer or those who were treated
with antitumor agents were considered patients with cancer.

The JADE study for pediatric patients used a validated
methodology that has been reported elsewhere.® Briefly, the
pediatrics-trained reviewers consisted of a board-certified
pediatrician, pediatric nurses, and a dietitian, and the pediatri-
cian trained all reviewers in a standard manner.3 These trained
reviewers screened all medical charts, laboratory results, inci-
dent reports, and prescription queries by pharmacists at each
participating hospital and collected potential ADEs, MEs, and
preventable ADEs, and determined their onset dates, as well.
The onset days of preventable ADEs was calculated by count-
ing the days from admission date to the date when preventable
ADEs occurred among patients with preventable ADEs.
When multiple preventable ADEs occurred on 1 patient, we
used the first one to assess the severity and to calculate the
onset days of preventable ADEs.

Patient details, such as symptoms, drug names, characteris-
tics, and related data were also collected. Two independent
physicians assessed this data and determined preventable
ADE:s following to the validated methodology. If the deter-
mination of preventable ADEs was different between physi-
cians, they reached consensus through discussion.

Cost data

Extra costs due to preventable ADEs were estimated based on
the extended LOS attributable to preventable ADEs. The
national estimates of LOS attributable to preventable ADEs
and the costs associated with extended LOS were calculated
using public data of the estimated number of new admissions®®
and hospital medical expenditure?’ of pediatric inpatients from
the open resource of the Statistics of Medical Care Activities in
Public Health Insurance conducted by the MHLW.

To calculate total extended LOS and its range in our study
population, we used the estimates and the 95% confidence
interval (CI) shown by the regression models adjusting for the
covariates such as gender, age, ward, resident physician, the
presence of surgery during hospitalization, cancer, and severe
malformation at birth.

L: Total extended LOS (days) in our study population =
number of patients with preventable ADEs in our study popu-
lation X estimated extended LOS (days) by the adjusted

regression model.
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The JADE study for pediatric inpatients

1189 patients
( Patients excluded: )
Those who admitted to NICU, PICU or ICU
224 patients
(. J
( Patients excluded: )
Those who were over 15 years old
L 58 patients )

907 patients

Figure 1. Flowchart of patients.
Abbreviations: NICU, neonatal intensive care unit; PICU, pediatric ICU.

Then, we calculated the total extra pediatric medical expend-
iture in our study population by multiplying the public data of
hospital medical expenditure for pediatric patients® by L.

To calculate the total extended LOS and its range in Japan,
we used the estimates and the 95% CI shown by the regression
models adjusting for the covariates above in the same manner
as for L.

a: Total number of admissions in Japan=the estimated
number of new admissions per day?® X 365 days.

b: Number of patients with preventable ADEs in
Japan=number of patients with preventable ADEs in our
study population/total number of admissions in our study
population X a.

LL: Total extended LOS (days) in Japan=4 X estimated
extended LOS (days) shown in the adjusted regression model.

Then, we calculated the total extra medical expenditure in
Japan by multiplying the public data of daily hospital medical
expenditure for pediatric patients?® by LL.

All monetary values are expressed in Japanese yen (JPY)
and United States Dollar (USD) (in September 2020, 105 JPY
was equivalent to USD 1.00).

Statistical analyses

Descriptive statistics are shown as mean with standard devia-
tions (SD) or median with interquartile ranges for continuous
variables and as numbers and percentages for categorical varia-
bles. We used a #test or a Mann-Whitney test when the data
were continuous and a chi-square test or Fisher’s exact test when
the data were categorical to compare patient characteristics and
LOS between patients with and without preventable ADEs.
When a patient was transferred from 1 ward to another, these
consecutive admissions were merged into 1 hospitalization.

We used a linear regression model to assess the effects of
preventable ADEs on the LOS between patients with and
without preventable ADEs with 95% Cls. The model was
adjusted for gender, age category (neonates, infants, preschool-
ers, school age children, and teenagers), ward category (pediat-
ric ward, emergent care unit, and adult ward), doctor in charge
(resident physician or not), presence of surgery during hospi-
talization, cancer,and severe malformation at birth. Considering
that patients with shorter LOS could be less likely to have pre-
ventable ADEs, we conducted the sensitivity analysis with the
same linear regression model excluding the patients whose
LOS were less than 2 days.

Another sensitivity analysis was also done for showing the
expected range of the pediatric medical expenses for preventa-
ble ADEs by using 95% Cls of the number of patients with
preventable ADEs and the length of hospital stays due to pre-
ventable ADEs.

All analyses were performed using JMP Pro 13.1.0 (SAS
Institute Inc., Cary, North Carolina, USA) software. Two-
tailed comparisons were used and P-values <.05 were consid-
ered statistically significant.

Results

Patient characteristics

From 1189 admissions in the JADE study for pediatric patients,
we included 907 patients in this study (Figure 1). Among these,
511 (56%) were male and the median age was 2 (Interquartile
range 0-7)years. In total, 50% of the patients were preschool-
ers. Patients with cancer accounted for 2.4% and those who
had severe malformation at birth accounted for 16% of patients.
Twelve percent of patients were mainly cared for by resident

physicians (Table 1).
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Table 1. Patient backgrounds and comparison between patients with preventable adverse drug events and without.

ALL PATIENTS PATIENTS WITH PATIENTS WITHOUT P VALUE
(N=907) PREVENTABLE ADES (N=31) PREVENTABLE ADES (N=876)
Male, n (%) 511 (56) 12 (39) 499 (57) .044
Age (Median, interquartile range), years 2 (0-7) 1(0-3) 3(1-7) .01
Age category
Neonate (<1mo), n (%) 77 (8.5) 0(0.0) 77 (8.8) .0003
Infants (1 mo= and <1y), n (%) 153 (17) 14 (45) 139 (16)
Preschoolers (1y< and <7y), n (%) 449 (50) 11 (36) 438 (50)
School-age (7y=< and <13y), n (%) 181 (20) 6 (19) 175 (20)
Teenagers (13y= and <15y), n (%) 47 (5.2) 0(0.0) 47 (5.4)
Admitted ward
Pediatric ward, n (%) 673 (74) 27 (87) 646 (74) 2
Emergent care unit, n (%) 91 (10) 2 (6.5) 89 (10)
Adult ward, n (%) 143 (16) 2 (6.5) 141 (16)
Cancer, n (%) 22 (2.4) 3(9.7) 19 (2.2) .008
Severe malformation at birth, n (%) 145 (16) 13.2) 144 (16) .0485
Surgery during hospitalization, n (%) 309 (34) 3(9.7) 306 (35) .004
Doctor in charge (Resident physician), n (%) 106 (12) 6 (20) 100 (11) 2

Abbreviation: ADE, adverse drug event.

Preventable ADEs

Among the 907 patients, 31 (95% CI 20-42) patients had at least
1 preventable ADE, whereas 876 patients had no preventable
ADEs during their hospitalization. The rate of preventable
ADEs was 3.4 (95% CI 2.2-4.6) per 100 admissions. Infants and
patients with cancer were more likely to have preventable ADEs,
whereas patients with severe malformation and patients who had
surgery during their hospitalization were less likely to have pre-
ventable ADEs, than the rest of the study population (Table 1).
Regarding the severity of these 31 preventable ADEs, 1 was fatal
or life-threatening, 3 are serious, and 27 were significant, and the
median onset days of these preventable ADEs after admission
was 3 days (Interquartile days; 2-4).

The influence of preventable ADEs on LOS

The mean LOS of patients with preventable ADEs was 24.3
(95% CI 7.3-41.3) days, whereas the mean LOS of those with-
out preventable ADEs was 7.6 (95% CI 6.7-8.4). A linear
regression model for the LOS showed that preventable ADEs
significantly extended the LOS by 14.1 (95% CI 9.4-18.7)
days, even after adjusting for gender, age category, ward cate-
gory, resident physician as doctor in charge, surgery during

hospitalization, history of cancer, and severe malformation at
birth (Table 2). Sensitivity analysis with 867 patients (LOS =
2 days) showed that the preventable ADEs extended the LOS
by 14.0 (9.2-18.8) days, which is consistent with the original
analysis.

The burden of extended LOS associated with
preventable ADEs on pediatric medical expenses

As 31 patients had at least one preventable ADE and prevent-
able ADEs in hospitalized patients extended their LOS by a
mean of 14.1 (95% CI 9.4-18.7) days (Table 2), the estimate
of the total extended LOS was 437.1days among our study
population of 907 patients over 3 months. The average cost of
a hospitalized pediatric patient per day was JPY 61497 (USD
585.69) (Table 3); thus, we estimated that the individual extra
cost of extended hospitalization of a patient with preventable
ADEs was JPY 867108 (95% CI JPY 578072-1149994),
which is USD 8258.23 (95% CI USD 5505.49-10952.40).
The total extra cost of extended hospitalization of patients
with preventable ADEs over the study period in our study
population was JPY 26880339 (95% CI JPY 17920226~
35649811), which is USD 256005.10 (95% CI USD
170670.07-339524.49) (Table 4).
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Table 2. Influence of preventable adverse drug events on length of hospital stay.

VARIABLES LOS (DAYS)

UNADJUSTED COEFFICIENT 95% CI ADJUSTED COEFFICIENT 95% ClI
Preventable ADE 16.8 11.3 10 22.2 14.1 9.4t0 18.7
Male -1.9 -3.9100.2 -1.5 -3.2100.2

Age category

Neonate (<1mo) -1.3 -5.0t02.5 3.2 -0.3t06.7

Infants (1 mo= and <1y) 41 1.3t07.0 2.2 -0.1t0 4.6

Preschoolers (1y< and <7y) Reference Reference

School-age (7y< and <13y) 0.4 -2.2t0 31 0.4 -191t027

Teenagers (13y=< and <15y) -1.5 -6.1to 3.1 0.3 -3.8t04.4
Admitted ward

Pediatric ward Reference Reference

Emergent care unit -75 -10.9to -4.2 -4.0 -6.8to -1.1

Adult ward -4.2 -7.0to -1.5 -4.7 -74t0-1.9
Doctor in charge (resident physician) -0.5 -3.6t02.6 -2.0 -4.61t0 0.6
Surgery during hospitalization 71 51t09.2 5.6 3.7t075
Cancer 49.8 441 t0 55.5 46.1 40.7 to 51.6
Severe malformation at birth 4.2 1.5t07.0 3.2 0.8t0 5.5

Abbreviations: ADE, adverse drug event; LOS, length of stay.

Table 3. Government statistical data in pediatric care.

Estimated pediatric (<15y old) new admission in Japan per day (2017)28 Number of patients 3200
Pediatric (<15y old) hospital medical expenditure (2019) per day?® JPY 61497
Pediatric (<15y old) hospital medical expenditure (2019) per day usSD 585.69

Abbreviations: JPY, Japanese yen (Japanese currency); USD: United States Dollar (1 USD=105 JPY).

Table 4. Estimation of total extra pediatric medical expenditure due to preventable adverse drug events on admissions.

TOTAL NUMBER OF EXTENDED LOS TOTAL HOSPITAL TOTAL EXTRA
NUMBER OF PATIENTS WITH PER 1PATIENT WITH EXTENDED MEDICAL PEDIATRIC MEDICAL
ADMISSIONS PREVENTABLE PREVENTABLE ADES LOS (DAYS) EXPENDITURE EXPENDITURE
) ADES (N) (DAYS) (PER DAY)?25
Pediatric JADE 907 31 141 4371 JPY 61497 (USD JPY 26880339 (USD
(per 3mo) 585.69) 256005.10)
(n=907)
Estimation in 1168000 39921 14.1 562886.1 JPY 61497 (USD JPY 34615806492
Japan (per year) 585.69) (USD 329676759.91)

(n=1168000)

Abbreviations: ADE, adverse drug event; JPY, Japanese yen (Japanese currency); LOS, length of hospital stay; USD, United States Dollar (1 USD=105 JPY).
n=number of patients.
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Figure 2. The estimate and ranges of extra pediatric medical expenses (USD) for preventable ADEs in Japan.

USD, United States Dollar (1 USD=105 Japanese yen).

aAdjusted for gender, age category, ward category, resident physician, surgery during hospitalization, cancer, and severe malformation at birth.

Because the estimated total number of new admissions of
pediatric patients to hospital per day in Japan was 3200 patients
(Table 3), we estimated the annual extra pediatric medical
expenses for preventable ADEs in Japan as JPY 34615806 492
(95% CI JPY 23077204328-45908 906 482), which is USD
329676759.91 (95% CI USD 219784506.61-437230880.16)
(Table 4). Figure 2 shows the estimate of extra pediatric medi-
cal expenses (USD) for preventable ADEs in Japan and its
expected ranges calculated using 95% CIs of the number of
patients with preventable ADEs and length of hospital stays
due to preventable ADEs.

Discussion
Summary of main findings

We showed that 3.4% of our study population experienced at
least one preventable ADE during their hospitalization and
preventable ADEs significantly increased the LOS by 14.1 days
with adjusting for gender, age, ward, the presence of surgery,
cancer, severe malformation at birth, and resident physician.
The total cost of extended hospitalization associated with pre-
ventable ADEs in our study population was estimated to be
USD 256.005. USD 141 million to USD 588 million was the
estimated additional cost nationwide per year, calculated by
implementing our results with national statistics. We also
found that infants and patients with cancer were high risk for
preventable ADEs and that 13% of the preventable ADEs
resulted in the most severe or relatively severe harm. These
results suggest that the intensive monitoring focusing on these
high risk groups and introducing alert systems for early detec-
tion of ADEs on electronic medical records might be effective
to reduce or ameliorate preventable ADEs and decrease the
extra cost due to preventable ADEs.

Comparisom and implications

This is the first study that identified that preventable ADEs
extended LOS in pediatric inpatients in general wards, and it
seems to be consistent with previous reports in ICU settings,
which have shown that adverse drug reactions increase the
mean ICU LOS 3.8-fold (2.4days vs 15.9days) in pediatric
patients®® and that medication prescribing error increases the
median PICU LOS (7days vs 3days) and median length of
mechanical ventilation (31 hours vs 2.7 hours).?

Considering the impact of preventable ADEs on LOS in
pediatric inpatients, the LOS of 14.1days shown in this study
is longer than the LOS of 6.1 days in adult inpatients.’ Though
the higher risk of MEs in pediatric inpatients is less likely to be
associated with actual harm in pediatric inpatients than in
adults,® this study shows that the impact of preventable ADEs
on LOS is greater in pediatric patients than in adults once
MEs result in actual harms.

Our estimates of the total extra direct cost of preventable
ADEs was USD 141 million to USD 588 million, and our
point estimate of the individual extra cost of extended hospi-
talization of a patient with preventable ADEs was USD 8258.
Previous studies which reported the cost related to preventable
ADEs were mostly from Western countries and data from
other regions are scarce.?*2¢ For example, the study in New
Zealand showed that the cost related to preventable ADEs
which caused hospital admission or prolonged hospital stay in
pediatric setting is USD 6722 per patient (1 NZD=USD 0.68
as of September 2020).2¢ Other studies reported that the direct
cost related to preventable drug-related problems (DRPs) in
187 emergency department attendances in Australia is about
USD 174 per a patient (1 AUD=USD 0.73 as of September
2020),%* and the total direct cost associated with preventable
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DRPs of 38 hospital admissions in Australia is USD 2089 per
a patient (1GBP=USD 1.29 as of September 2020).>> To
implement the evidences to improve medication safety in vari-
ous situations in each area or countries, aggregating evidences
from various settings is crucial although it is difficult to com-
pare the results due to the diversity in the methods used to
calculate the costs, definition of preventable ADEs, and sys-
tems of medical insurance.

The total annual medical care cost in inpatient settings was
estimated to be JPY 16.21 trillion (USD 154.40billion) in
2017 by the MHLW in Japan.3' JPY 654.2billion (USD
6.2 billion; 4.0%) was estimated as the cost of pediatric inpa-
tients (<15years old).3* If 10% of preventable ADEs could be
reduced by computerized physician order entry3? and clinical
pharmacist interventions, the reduction in cost from the
annual medical care expenditure may be USD 33.0million,
which accounts for 0.5% of the annual medical care expendi-
ture for pediatric inpatients; thus, these strategies may have a
large impact on medical care expenditure.

The effects and importance of vaccinations in terms of cost,
as well as public health, is well known worldwide. Previous
reports have estimated that the development of the pneumo-
coccal conjugate and Hepatitis B vaccines can reduce the
annual medical care cost in Japan by JPY 2.9billion (USD
28 million).3% The impact of reducing 10% of preventable
ADEs on medical care expenditure is similar, or even larger,
than that of these vaccines.

Thus, ensuring medication safety for pediatric inpatients
and further efforts for reducing preventable ADEs is one of the
most important issues from the perspectives of cost effective-
ness and public health. Therefore, we believe that further study
into how to prevent preventable ADEs in pediatric inpatients
is important.

Limitations

There were several limitations to our study. First, we calculated
the estimates of extra hospitalization costs by approximating
national medical expenses, which did not include direct non-
medical costs (such as transportation expenses) or indirect
costs (such as extra treatments for ADEs and loss of working
opportunities for caregivers). Therefore, our results may pro-
vide conservative cost estimates. Second, some preventable
ADEs may not have been noted in the charts and may thus
have not been detected. Therefore, our estimate of preventable
ADEs might be lower bound and it would make the cost esti-
mates lower bound as well. Third, the JADE study for pediatric
patients was originally conducted in 2009, which might influ-
ence on our cost estimates. However, the data from the JADE
study for pediatrics is still the most reliable data of preventable
ADE:s in pediatric settings in Japan. Fourth one interpretation
of extended hospitalization associated with preventable ADEs
could be that patients with a longer hospitalization were more

likely to experience a preventable ADE. However, the median
onset days of preventable ADEs after admission was 3 and
shorter than the LOS of the patients without preventable
ADEs. It implies that preventable ADEs increased LOS rather
than that longer LOS resulted in the occurrence of preventable
ADEs during the hospitalization.

Conclusion

We showed, for the first time to the best of our knowledge, that
preventable ADEs caused extended hospitalization and con-
siderable extra healthcare costs in pediatric inpatients in Japan
with sensitivity analyses, considering the incidence of prevent-
able ADEs and length of hospital stay. Our results should
encourage further efforts to prevent and ameliorate preventable

ADE:s.
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