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ABSTRACT

Objectives To identify root causes of preventable adverse
drug events (pADEs) contributing to hospital admission;
to develop key messages which identify actions patients/
families and healthcare providers can take to prevent
common pADEs found; to develop a surveillance learning
system for the community.

Methods Cross-sectional observational study; 120
patients and families, 61 associated healthcare providers
were interviewed then root cause analysis was performed
to develop key learning messages and an electronic
reporting tool was designed. Most common pADE-related
medical conditions and their root causes and most
common pADE root causes of entire cohort are reported.
Results Most common pADE-related medical conditions:
chronic obstructive pulmonary disease/asthma (13.3%),
bleeding (12.5%), hypotension (12%), heart failure (10%),
acute kidney injury (5%) and pneumonia (5%). Most
common root causes were: providers not confirming

that the patient/family understands information given
(29.2%), can identify how a medication helps them/

have their concerns addressed (16.7%), can identify if a
medication is working (14.1%) or causing a side effect
(23.3%); can enact medication changes (7.5%); absence
of a sick day management plan (12.5%), and other action
plans to help patients respond to changes in their clinical
status (10.8%); providers not assessing medication use
and monitoring competency (19.2%). Ten key learning
messages were developed and a pADE surveillance
learning system was implemented.

Conclusions To prevent pADEs, providers need to confirm
that patients/families understand information given, how a
medication helps them, how to recognise and respond to
side effects, how to enact medication changes and follow
action plans; providers should assess patient’s/families’
medication use and monitoring competency.

INTRODUCTION

Adverse drug events (ADEs) are responsible
for 15% of hospital admissions in patients
65 years or older and up to 20% of patients

admitted to acute medical units.'™ ADE refers
to harm that occurs as a result of taking or not
taking a medication or treatment that is below
the expected standard of care.”™"! Up to 50%
of ADEs are potentially preventable, most
commonly due to suboptimal prescribing
or monitoring and patient self-management
issues (30% of cases each).7 117 The need to
reduce severe avoidable medication-related
harm is recognised by the WHO which is
leading a 5-year global effort to halve it by
2022.'% In the USA, the National Action Plan
for Adverse Drug Event Prevention aims to
develop strategies to reduce ADEs through
surveillance and research.'” Despite recog-
nition that public health could be improved
by preventing preventable ADEs (pADEs),
few studies have performed root cause anal-
ysis (RCA) of pADEs on a case-by-case basis
with interviews of patients and providers to
find out why they occurred.”” Such analysis
is necessary to design effective strategies to
prevent or mitigate pADEs. Therefore, in
this study, we aimed to identify root causes of
PADEs that caused or contributed to hospital
admission, translate findings into actions that
care providers and patients/families can take
to prevent them. In addition, we set out to
design a routine surveillance and reporting
system to share root causes of pADEs with
community providers. This shared learning
system for the community could help prevent
pADE recurrence in individual patients
and their incidence in future patients. This
programme is unique in its emphasis on
searching for the root causes of pADEs and
systematic sharing of that learning with
community providers.
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The study objectives were to develop and evaluate a
system to report, monitor, mitigate and prevent pADEs
by (1) identifying root causes of pADEs causing or
contributing to hospitalisation, (2) developing learning
messages to translate identified root causes into actions
that providers, patients and families could take to prevent
PADEs, and (3) developing a surveillance learning system
to capture, report and share pADE root causes with
providers to prevent their recurrence.

METHODS

Setting

The study was conducted at an urban community hospital
in British Columbia with patient recruitment between
November 2016 and December 2017.

Design

This was a cross-sectional observational study of pADEs
that caused or contributed to a patient’s hospital admis-
sion. Results were synthesised into learning messages
for community care providers, patients and families,
and used to inform development of an electronic pADE
surveillance system. Reporting follows the Strengthening
the Reporting of Observational Studies in Epidemiology
guidelines for cross-sectional studies.”'

Participants

Admitted patients were eligible to participate if they were
deemed to have at least a possible ADE by Nebeker or
Naranjo criteria that caused or contributed to hospital
admission and was deemed to be at least potentially
preventable wusing the Hallas criteria.”**"  Patients
admitted due to intentional self-harm were excluded.
Screening for pADEs was performed on all patients
admitted to the medical or critical care unit and on
patients in the emergency department (ED) who were
65 years or older and admitted to the hospitalist service,
medical unit or critical care unit.

If necessary, the patient’s family member/carer and
healthcare providers were interviewed if deemed relevant
to understanding the root cause of the possible pADE.

An ADE was defined as harm resulting from either
(1) taking or not taking a medication or (2) therapeutic
failure as a result of treatment not in accordance with
current evidence and (3) an intervention was required to
manage the resulting harm.” 11!

Data collection
PADE screening and assessment was performed on
weekdays by specially trained pharmacists. The online
supplemental appendix contains more explanation of
the pharmacist training process. Emergency and hospital
physicians were also encouraged to report patients with
potential pADEs to a pharmacist, using a reporting form
which was already in routine use.

Informed consent or assent was sought from eligible
patients, and consent was sought from families and
providers as applicable. We conducted interviews with

patients and all potentially relevant providers (eg, family
doctors, specialists, pharmacists, nurses and so on) and
family members using a semistructured format designed
to identify potential environmental or self-management
issues involving medication or monitoring that may have
contributed to the suspected pADE.

Structured chart abstracts containing all relevant infor-
mation about the case were produced. Community health-
care providers were interviewed by telephone, hospital
providers in person. Routinely collected data extracted
included at a minimum, age, gender, presenting symp-
toms, treatment in ED, list of verified medications taken
preadmission and changes to medications considered
involved in the potential pADE, cognitive and phys-
ical deficits, and the patient’s living situation. Results
of imaging and the eventual discharge summary were
obtained from the patient’s electronic health record.

Patient and family interviews were conducted by a
research nurse after first discussing with the research
pharmacist potential avenues to explore in the context
of the pADE suspected. The research nurse also received
training in qualitative interview techniques and the nature
of various anticipated pADEs.”® Other data collected
during interviews preferred languages spoken, whether
their family doctor speaks the same language, medication
adherence aids used, use of action plans, understanding
of purpose of medication and how to identify if is working
or causing a side effect.

Interviews with family doctors, community pharmacists,
specialists and nurse practitioners reflected the context
of the suspected pADE and sought to identify and under-
stand events leading up to the ADE. The online supple-
mental appendix contains further detail on family doctor
engagement prior to the start of the study. When appli-
cable, these providers were also asked if they could think
of any actions that, if taken, could have avoided or miti-
gated the pADE, including system-level changes. Physi-
cians and pharmacists were interviewed by a research
physician (AD) or research pharmacist (prinicipal inves-
tigator (PI) JdL), respectively.

Health literacy was assessed by the Rapid Evaluation of
Adult Literacy in Medicine REALM-65 Revised (if English
preferred) or the Chinese Health Literacy Scale Short
Form and the 3 Brief Questions test.”**! Patient’s medica-
tion adherence was assessed by the Morisky score (when
relevant).”*™* Where relevant, inhaler technique was
assessed using a checklist.” At the time of the study more
than 90% of admitted patients had their best possible
medication history verified in the ED, supported by dedi-
cated ED pharmacy technicians, using a jurisdictional
pharmacy dispensing record.

All content of interviews was captured by audio
recording and/or detailed note-taking for later verifica-
tion and content analysis. Certified translators were used
to interview non-English-speaking participants in person
or on the telephone as needed.

All collected data and assessments were summarised
in a standardised electronic case summary for review
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by the investigator committee using REDCap electronic
y g g p

data capture tools hosted at the University of British
Columbia.*®

Data analyses

To assess preventability and perform RCA, pairs of raters
from the investigator committee (three internists, one
emergency physician, two family physicians and three
PharmD-trained pharmacists) independently reviewed
all the case summaries. Each rater completed the
following instruments as applicable: Naranjo and WHO
algorithms for causality, Hallas and Thornton preventa-
bility assessments, and Pirmohahmed seriousness assess-
ment.” % #* % 27 Raters then used a Hishikawa process
(ie, fishbone diagram) to identify all causal factors and
associated root causes using a systems perspective.”® Root
causes were considered to be reasons why the causal
factors existed.” Reviews were performed independently
to reduce bias.

After cases were assessed, each was adjudicated at an
all-investigator meeting to, by consensus, resolve discor-
dances, reclassify causality or preventability, and identify
additional root causes.” The PI (JdL) reviewed all inter-
view transcripts with the research nurse to identify poten-
tial themes (inductively then deductively) that could
represent the causal factors or root causes, and presented
these at investigator meetings for discussion if not previ-
ously identified.* Participant recruitment and case adju-
dication occurred in parallel.

Following adjudication of all recruited patients, the
PI sorted the root causes identified for each patient into
mutually exclusive categories, which were subsequently
reviewed by the investigator committee (see online
supplemental table 1).

For reporting, we categorised participants by pADE-
related medical conditions (eg, ‘bleeding’) and
expressed this as a percentage of the cohort, then
described the root causes of that type of pADE. We also
expressed the root causes contributing to pADEs as a
percentage of all root causes found. Statistical anal-
ysis was descriptive. Agreement between case reviewers
for causality and seriousness was assessed using
Cohen’s weighted kappa, and seriousness with Cohen’s
unweighted kappa.*

Developing and sharing key learning messages,
surveillance system
Using the RCA aggregate results, the committee synthe-
sised root causes across cases into actionable key messages
for community-based care providers and for patients and
families. These were developed collaboratively with local
experts in the hospital and community. See online supple-
mental table 1 for further detail on how these messages
were developed and shared.

Finally, using the study results, we constructed an elec-
tronic pADE surveillance and reporting system for use in
routine care (see online supplemental table 2).

Study size

No formal sample size calculation was performed, as the
research questions were not hypothesis driven. Instead,
we estimated a target of 120 patients would provide a
reasonable number of pADEs to provide a range of repre-
sentative root causes. We anticipated a study duration of
6 months to enrol 120 participants based on an average
of 25 admissions per day, an anticipated 15% ADE inci-
dence, 30% capture of patients with ADEs in non-acute
medical areas and a 30% anticipated rate of ADEs being
preventable. Study recruitment was extended to 9 months
to recruit 120 patients with pADEs.

Patient and public involvement

Our data gathering process involved interviewing patients
and their families to understand potential causal factors
of the pADE to permit subsequent root cause identifica-
tion. In addition, for the learning messages for patients
and families, volunteer members of the public who work
with our institution’s community engagement group
reviewed for clarity and provided input to message style
and formatting.

RESULTS

Over 9 months (November 2016-December 2017), 136
patients with a possible pADE were identified and 134
were recruited. Ninety per cent were identified by phar-
macist screening and 10% were referred by physicians.
Case review resulted in no cases having the ADE down-
graded to below ‘possible’, and 13 cases having the ADE’s
preventability downgraded to below ‘possibly’, leaving
121 eligible pADE cases. One case was removed from the
analysis due to a readmission with a diagnosis refuting
the previously confirmed pADE. Thus, 120 patients with a
PADE provided data for RCA. During the final 3 months
of the study, the PI rather than a research nurse inter-
viewed the 34 patients recruited and did not perform
formal tests of health literacy or adherence. Study flow is
depicted in figure 1.

Seventy patients were interviewed alone, 23 were inter-
viewed with a family member and 28 family members
were interviewed alone. A total of 61 healthcare provider
interviews pertaining to 47 pADE cases occurred, with 4
providers declining to participate and 12 non-responsive
to interview requests.

Demographics of the participants and other study
measures are shown in table 1.

Of the patients assessed for health literacy, 69% failed
either the REALM-65 or the 3 Brief Questions test; 61%
of these patients were unilingual English speakers.

Table 2 shows the post-adjudication assessments of
causality, preventability and seriousness of included
PADEs.

Two participant deaths attributed to pADEs occurred.
Pre-adjudication agreement between research investiga-
tors’ assessment was ‘moderate’ for causality (Cohen’s
weighted kappa 0.48 (95% CI 0.36 to 0.61)), ‘substantial’
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Routine care providers screened for potential pADEs (targeting admission to acute medical unit,
critical care and admission to hospitalist service if greater than 65yrs) 3600 anticipated patients
admitted to target medical units/service

136 patients with a potential pADE identified by routine care providers (pharmacists and physicians)

Screened by PI for eligibility criteria (1
1 - patient excluded, 1 patient declined

consent)

134 patients with a potential pADE provided informed consent, proceeded with interviews to gather
data for pairs of raters to indep ly assess ity, pr bility and seri

4 patients confirmed by both raters as
- not preventable (not discussed at
committee)

130 patients with potential pADEs (by at least 1 rater) reviewed at committee to discuss ratings and
root causes

9 further patients confirmed not
- preventable by committee

121 patients with a confirmed pADE and root causes identified

1 patient subsequently removed from
analysis due to readmission with new

- diagnosis, refuting earlier confirmed
pADE

Proceeded with root cause analysis for 120 patients

Figure 1 Flow diagram of exclusion criteria for study
cohort. pADE, preventable adverse drug event; PI, principal
investigator.

for seriousness (Cohen’s weighted kappa 0.76 (95%
CI 0.62 to 0.91)) and ‘fair’ for preventability (Cohen’s
unweighted kappa 0.38 (95% CI 0.20 to 0.55)).

The most common pADEs by type of presentation are
shown in table 3.

Overall, 33 categories of root causes were identified
(online supplemental table 2), with 281 root causes
involved in all 120 patients. The most common causal
factors and root causes of included pADEs are shown in
table 4.

Key learning messages

Six key messages were identified and developed for
community-based providers (table 4) and four for the
public (table 5).

In total, in-person knowledge translation activities
reached a total of 82 physicians, 24 community nurses
and 62 community pharmacists (with some providers
attending two sessions).

Surveillance system

This system is organised around common pADE-related
adverse outcomes; populated with drop-down menus for
root causes, informed from our findings, with expected
actions required to prevent recurrence. Once information
is entered, a PDF letter is generated for relevant commu-
nity providers (see figure 2). In addition, since December
2019, as part of a national adverse drug reaction (ADR)
surveillance programme, it became mandatory for hospi-
tals to report ADRs. Therefore, in collaboration with the
relevant provincial agency, we developed a process to

Table 1 Description of the study cohort
Cohort,
n=120 (unless
Variable specified)
Mean (SD) age, years 77 (11)
Female, n (%) 65 (54)
Language spoken, n (%)
English, unilingual 65 (54)
Cantonese, unilingual 16 (13)
English/Cantonese/Mandarin, bilingual 14 (12)
Mandarin, unilingual 7 (6)
Punjabi, unilingual 7 (6)
Other (various) 7 (6)
Tagalog, unilingual 4 (3)

Health literacy
REALM-65 score 6 or less, failed
3 Brief Questions, failed 36/45 (80%)
STIHLS 13/15 or less, failed 0/5 (0%)

Medication adherence, Morisky Medication Adherence
Score (MMAS-8)*

Less than 6, low adherence

19/40 (48%)

16/45 (36%)
15/45 (33%)
34/101 (34%)
36/61 (59%)

*The MMAS, Morisky Medication Adherence Scale and Morisky
are trademarks of Donald E Morisky, and may be used only with
permission. All rights reserved. Use of the MMAS-8 is protected
by US copyright laws. Permission to use the MMAS scales is
required. Reproduction and distribution of the MMAS is protected
by US copyright laws, A license agreement to use the scale is
available from: Donald E Morisky, ScD, ScM, MSPH, Professor,
2020 Glencoe Ave, Venice, California 90 291-4007, dmorisky@
gmail.com 2007 Donald E Morisky.

6 to less than 8, medium adherence
Lives alone and 70 years or more
Picks up prescriptions themselves

share with them reports of pADEs that meet the criteria
for an ADR (harm resulted from taking a medication).

CONCLUSIONS

Summary of findings

We are unaware of similar programmes designed to
prevent or mitigate pADEs by finding and translating root
causes into learning messages for providers, patients and
families and by implementing a pADE surveillance system
for community feedback. Providers are encouraged to ask
patient/families open-ended questions to confirm their
understanding of how taking a medication will help them,
how to recognise and respond to side effects, how to know
if a medication is working (why monitoring helps them),
and understanding of medication changes and how to
enact them.* Such conversations would identify patients
with reduced medication use or monitoring competency
who need additional supports (eg, referral to community
resources or in-home services).
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ADE, adverse drug event.

In addition to the learning messages developed, system-
level changes asaresult of our root cause findings included
an update to our multisite hospital pharmacy drug—
drug interaction alert system (carvedilol-amiodarone)
and a change to our provincially based private labora-
tory reporting system (phenytoin—albumin reminder).
Further work is planned and ongoing to address root
causes found related to provider culture in our hospital.

Implications

Our findings provide insights that that could help to
reduce the burden of pADEs. First, our results suggest
that many ADEs involving anticoagulants, antihyperg-
lycaemic agents, antihypertensive and cardiovascular
drugs could be prevented by providers confirming that
patients can follow the actions in our learning messages.
Previous studies report that these drugs cause 40% of
hospital admissions, but because patients/providers were
not interviewed to identify root causes, the true opportu-
nity for preventability was likely missed."” Second, chronic
obstructive pulmonary disease (COPD) and heart failure
are top reasons for recurrent hospitalisations.” Yet, we
found that their root causes are also present in hospital.
In the current culture, hospital providers take over the
care of the patient and tend not to use the hospitalisa-
tion as an opportunity to engage the patient and family to
confirm their understanding and impart skills needed to
manage, monitor and respond to changes in their condi-
tion. Consequently, as this is not a current goal of care,
hospital providers often miss opportunities to confirm
the patient or family’s ability to perform certain tasks (eg,
correct inhaler technique or daily weighing) or ensure
understanding of information by the most competent
family member. As a result, hospital providers fail to
identify the need to arrange appropriate supports for
patients/families with reduced medication use/moni-
toring competency.

The concept and process of identifying root causes of
ADEs could also be integrated into mandatory adverse
drug reporting programmes. If the root cause is not
considered, the ADR may be misattributed to the drug
itself, the role the patient and provider played may be
ignored, and thus potentially modifiable causes may be
overlooked.

Finally, these findings highlight an important opportu-
nity to reduce healthcare burden if systems of care and
healthcare provider training address identified gaps. At
an individual patient level, in order to prevent pADE
recurrence, first requires that care providers recognise
the presence of the pADE and then identify and address
the root causes. This does require a change in thinking,
to spend time analysing, for example, why the patient had
a COPD/asthma or heart failure exacerbation, a bleeding
event or a fall, then incorporate managing the root causes
within the treatment plan (rather than limiting treatment
to the symptoms or consequences related to the medical
condition diagnosed). It has been previously shown that
the risk of ADE non-recognition is higher when the ADE
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Table 3 Type of pADE-related admissions, causal factors and associated root causes: presentations with more than five
cases AND at least one root cause addressed by a learning message

Type of presentation

Causal factors and identified key root causes

COPD/asthma
16 cases (13.3%)

Intentional non-adherence due to patient lack of understanding of how medication helps
them; provider not confirming how medication helps patient; poor technique; lack of provider

assessment; lack of action plan provision

Bleeding,

15 cases (12.5%)
guideline)

Hypotension

14 cases (11.7%)

Heart failure
12 cases (10%)

Hyponatraemia

6 cases (5%)
Pneumonia/Clostridioides
difficile colitis

6 cases (5%)

Various types of presentation
6 cases (5%)

Acute kidney injury

6 cases (5%)

can identify side effect

and need to implement them

Concomitant NSAIDs due to providers not asking screening questions for NSAIDS; not
confirming if patient can identify red flag symptoms; eligibility for PPI (lack of referral to

Patient not recognising side effects; provider not ensuring that patient can confirm red flag
symptoms or not asked to measure BP; lack of provision of sick day medication plan

Lack of daily weighing; provider not confirming that patient understands fluid-weight concept;
how medication helps patient; lack of action plan

Lack of provision of sick day medication plan, prescribing; provider not confirmed that patient

Suboptimal antibiotic choice for pneumonia not identified at dispensing due to lack of referral
to a guideline; unclear indication (C. difficile colitis)

Medication mix-ups due to lack of confirming patient/family understands medication changes

Lack of provision of sick day medication plan (2 cases); provider deferring to specialist clinic
(lack of expected monitoring frequency of serum creatinine; unidentified action able root

cause, other than possible lack of reminder system); lack of adjustment (lapse) in response to

abnormal serum creatinine

BP, blood pressure; COPD, chronic obstructive pulmonary disease; NSAIDs, non-steroidal anti-inflammatory drugs; pADE, preventable

adverse drug event; PPI, patient and public involvement.

is part of a presenting illness rather than a direct drug
effect.* Additionally, our findings suggest a need for
healthcare providers to fundamentally alter how they may
speak to patients to ensure they understand how to take
medications safely and increase the likelihood that they
will adhere to an agreed on regimen. At an institutional
level, a rethink of the goals of care while the patient is in
hospital should be broadened to include the patient/fami-
lies’ ability to demonstrate competency in managing tasks
that can help them stay at home longer. This will require
training of all healthcare providers to have more skilful
conversations with patients and robust care processes
developed to incorporate patient/family demonstration
of competency to perform required tasks into the goals of
care (eg, daily weighing, inhaler technique).

Related research

Previous reports have described the development of a
prospective surveillance system to detect adverse events
(not specifically drug related) in a multisite hospital
setting.” The motivations underpinning that work mirror
our intent to identify ways we can prevent pADEs. The
authors developed trigger methodology, reflecting the
medical context of certain patient care areas and used
trained observers to screen for potential adverse events
that were then peer reviewed to identify preventability and
areas for quality improvement. Elements of this approach
(trigger methodology, prompts to consider root causes at

admission) could be explored for inclusion in our pADE
surveillance programme.

Although studies have described the epidemiology
of pADEs, we suggest that to view the full scope of
preventability requires a lens focused on identifying
root causes to purposefully learn how pADEs could be
prevented.11 16 17 39°46 Therefore, differences in types of
PADESs reported across studies, will in part, likely reflect
differences in study objectives, design, ADE definition and
identification process, and whether patient and provider
interviews were conducted and RCA was performed.

Generalisability and further research

Although the type of pADEs may differ across communities,
we suggest that the process of considering whether a medical
illness is caused by a pADE, identifying the root causes,
addressing them, then sharing with relevant community
providers is a worthwhile means to try to prevent ADEs given
their expected incidence and public health impact. Further
research is needed to assess whether providers can identify
PADE root causes on hospital presentation, can incorpo-
rate actions from our learning messages into practice and
whether providing feedback to community providers can
reduce pADEs.

Limitations

Our study population of 34% of predominantly elderly
patients being non-English speaking was reflective of our
local demographics but may not be of other communities,
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Table 4 Top 10 causal factors and associated root causes of included pADEs

Example of type of
pADE

Causal factor due to associated root cause

% of patients
impacted by root
% of all root causes cause

Patient had not understood information (possibly)
previously provided due to provider not confirming
patient understanding

Unable to recognise medication side effect due to
providers not confirming ability to do this

Prescribing (and not identified or managed at dispensing) Unresolved pneumonia

antibiotics for CAP 25% of pADEs due to lack of referral
to guideline

Intentional non-adherence due to mainly not
understanding purpose/benefit of medication+having
concerns about taking it; provider not confirming
that patient understands benefits/not identifying or
addressing concern

Medication monitoring provider (no actionable root
cause identified: lack of system reminder, healthcare

Many different pADEs
(except antibiotic related)

Bleeding, orthostatic
hypotension, constipation

Stroke, M, aortic
dissection, COPD,
asthma, heart failure
exacerbations

Acute kidney injury,
hypothyroidism,

35/281 (12.4) 35/120 (29.2)

28/281 (10.0) 28/120 (23.3)

24/281 (8.5) 24/120 (20)

20/281 (7.1) 20/120 (16.7)

18/281 (6.4) 18/120 (15.0)

provider lapse, community pharmacy not routinely asking phenytoin toxicity (n,1)

patient about bloodwork, except for lack of reminder on
laboratory report to calculate phenytoin for low albumin
n,1)

Could not identify if medication was working due to
provider not confirming that patient can identify how

Heart failure
exacerbations,

17/281 (6.0) 17/120 (14.1)

medication is working and providing specific parameters intracranial haemorrhage,

(daily weighing, measuring BP)
Patient did not have a sick day medication plan; due to
lack of locally available resource in use, incorporation

into routine practice; recognition of this as root cause in
affected pADEs

Lack of provision of action plans for COPD, asthma or
heart failure

Provider not assessing medication use competency
(ability to safely and reliably take medications)

Provider had not adjusted medication based on
laboratory parameters (actionable root cause not
identified, presumed lapse by providers, laboratory
results not available to community pharmacists)
Provider not assessing medication monitoring

competency (ability to monitor for side effects or lack of
effectiveness)

Hypotension, acute
kidney injury, elevated
INR, bleeding,
hypoglycaemia
COPD, asthma, heart
failure

Bleeding, drug toxicity,
stroke

Acute kidney injury,
bleeding, stroke (due to
hyperthyroidism)

Bleeding, weakness,
hypotension, heart
failure, myxoedema

hypertensive urgency

15/281 (5.3) 15/120 (12.5)

13/281 (4.6) 13/120 (10.8)

12/281 (4.3) 12/120 (10)

11/281 (3.9) 11/120 (9.2)

11/281 (3.9) 11/120 (9.2)

BP, blood pressure; CAP, community-acquired pneumonia; COPD, chronic obstructive pulmonary disease; INR, international normalised ratio;

MI, myocardial infarction; pADE, preventable adverse drug event.

limiting our study’s generalisability. Our reliance on pharma-
cist screening of pADEs may have resulted in unknown biases
in the types of patients and pADE:s identified compared with
another type of healthcare professional screening, although
pharmacist screening is common in hospital-based ADE
surveillance programmes.”

Limitations of RCA as a method to improve healthcare
have recently been reviewed.*” Broadly, limitations can relate
to poorly conducted data gathering and analysis. RCA can
fail to yield improvements if strong solutions (described
as controls) are not identified or implemented. The RCA
process itself can be impaired by a weak political mandate.

Finally, RCA needs to be followed by some means of measure-
ment to know whether the implemented control is working
and to provide feedback to relevant actors to complete the
learning process.

We believe our study aims, objectives and methods address
these known weaknesses of RCA. Our data gathering process
started with interviewing patients and their families. Under-
standing derived from these interviews is central to our study
findings. A wide system view was taken to identify root causes,
which were required to be actionable issues that providers or
patients could change. We performed aggregated review of
potential pADE cases, as each research committee meeting
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Table 5 Provider and public learning messages developed

Healthcare provider message
(release date)

Content addressing root causes; accessed at https://www.vchri.ca/richmond/pADE

Sick Day Medication
Management (March 2018)

Hold SADMANS drugs while decreased fluid intake (to avoid hypotension, acute kidney injury or other side
effect); hold sulfonylureas while decreased caloric intake (to avoid hypoglycaemia); hold warfarin for 1 day if

eating 50% less and or severe diarrhoea. Dialogue is provided for how to confirm patient’s understanding,
what they will do, when, why and how they will remember.

S, sulfonylureas; A, ACE inhibitors; D, diuretics or direct renin inhibitor; M, metformin; A, angiotensin receptor
blocker; N, non-steroidal anti-inflammatory drugs; S, SGLT2 inhibitors

Community and Nursing Home Avoid macrolide monotherapy; use amoxicillin 1 g three times per day or alternate to target Streptococcus

Acquired Pneumonia (May
2018)

How to write an asthma action
plan (April 2019)
action plan.

How to identify and address

pneumoniae unless risk factors (provided) for other pathogens.

Provides instructions to increase steroid dose x4; confirm patient’s ability to identify yellow level symptoms;
understanding of purpose of steroid inhaler for prevention of flare-up; assess inhaler technique; provide

Provides suggested dialogue to explore patient’s current understanding/beliefs about medicines and

intentional non-adherence (April condition, address gaps to help patient make an informed decision about the value of the medication,

2019)

Prevention of bleeding related
PADEs (February 2019)

expected benefit.

criteria for primary prevention.

Describes how to ask screening questions to rule out NSAIDs in patients taking anticoagulants; how to
confirm a patient can recognise red flag symptoms (side effects) and what they need to do; provides eligibility

Medication Mix Ups (May 2019) Relates to situations where patients have resumed taking medications (existing supply at home) that were
intended to be stopped; resumed old doses of medications, intended to be changed, did not fill prescription

as unaware of a new medication.

Provides suggested dialogue to confirm that patient and family can correctly identify what they need to do to
successfully implement a medication change.

Public learning message

Your Medication Plan for Sick

Content addressing root causes; accessed at https://vch.eduhealth.ca/

Identifies which medications to not take while not drinking as much fluid, during an illness or not eating or

days BA.505.S53 (March 2018) severe diarrhoea and why this is important.

COPD Flare Up Plan FN.510.
F66 (February 1019)
COPD not just breathing.

How to prevent worsening of

How to recognise symptoms of flare-up, what to do; why it is important to regularly use long-acting inhalers,
how regular use of these would help them stay out of hospital and feel better and improve other symptoms of

Describes connection between fluid gain and weight gain and how this leads to symptoms; provides

heart failure symptoms. FD.780. explanation for purpose and expected benefit of daily weighing; what to do if weight gain.

H434 (March 2019)

Measuring BP at home

(and recognising orthostatic
hypotension) BD.820.W74 (April
2019)

Explains purpose of taking antihypertensive medications; explains need to measure BP to know if medication
is working. Describes specific symptoms of orthostatic hypotension and what to do.

BP, blood pressure; COPD, chronic obstructive pulmonary disease; NSAIDs, non-steroidal anti-inflammatory drugs; pADEs, preventable adverse drug

events.

built on previous thoughts and discussion to identify themes
and key learning messages. Together this framework allowed
us to identify an overarching root cause related to the culture
of care in the hospital. This culture underpins our failure
to seek and confirm competency of patients on medication-
related issues. Our RCA was performed within the context of
aresearch study, providing free political mandate to generate
purposeful learning for sharing. Our active surveillance
system, by providing a means to give feedback and monitor
future pADEs, closes the learning loop.

For learning to occur, the surveillance system does need
to be used by providers. We therefore measure the perfor-
mance of our system by tracking a key performance indicator,
a target pADE reporting rate of 5% of medical admissions,
(reflecting 50% of expected pADEs, assuming an incidence
of 10%). Currently, we are reporting 2%—-3% of medical
admissions as pADEs. Further work is planned to improve
reporting of pADEs by providers. We also implemented a

reporting structure to share aggregated reports of pADEs with
hospital leadership and the local family physician network.
Such engagement is important if the burden of pADEs is to
be fully understood, and increases the likelihood that we can
find appropriate solutions and build support for any required
organisational change to be levied to resolve them.

A study limitation is selection of relatively weak corrective
solutions. Potential solutions may be viewed as a hierarchy,
with changes to processes inferior to systems.”” Our solu-
tions, mainly relate to changes in processes, as they aim to
help providers do things differently, for example, asking
patients questions around non-steroidal anti-inflammatory
drug use, or asking a patient to demonstrate how they use
their inhaler. This requirement for a conversation is unavoid-
able, but by taking a systems view led us to develop an organ-
isational change to address a root cause of provider culture.
Patients admitted with COPD or who visit the ED with asthma
will be assessed by providers using a checklist to standardise
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(Name of Hospital) Preventable Adverse Drug Event Program

This letter is sent to share actions taken after assessment by the healthcare team at (name of
hospital, to address root causes of a possible preventable adverse drug event (pADE) with the aim
to help mitigate or prevent recurrence and facilitate continuity of care.

Date:

Name of recipient (s):

Patient name, provincial health number, date of birth

Dear healthcare provider (s):

Patient (name) presented to hospital with hypotension, acute kidney injury.
Events leading up to presentation:

e The patient had continued taking medications from the SADMANS group, despite decreased fluid
intake these past few days due to gastroenteritis, SBP < gommHg at presentation (free text).

Drug(s) involved:

e Captopril
e Empagliflozin
e Furosemide

Patient Admitted? Yes

This was presentation/admission was attributable in part to the following possible preventable
adverse drug event (s):

o Needs a Sick Day Medication plan.
The patient will be provided the following action(s) from the hospital:

e Sick day medication plan will be provided and patient and family understanding confirmed.

Further follow-up requested:
e Community pharmacist to please continue to confirm patient’s ability to follow the medication
sick day plan at dispensing of future related medications.

Signed, (Profession)

*%%¥* This letter contains confidential information, please call XXX XXX XXXX if received in error
*kkkkk

Figure 2 Example of letter to community providers showing
output from pADE electronic reporting tool related to pADE
due to absence of sick day medication plan (italicised

text selected by user, prepopulated drop-down menu
options unless stated). SADMANS, S=sulfonylureas A=ACE
inhibitors D=diuretics or direct renin inhibitor M=metformin
A=angiotensin receptor blocker N=non-steroidal anti-
inflammatory drugs S=SGLT2 inhibitors; SBP, systolic blood
pressure.

assessment of inhaler technique, non-adherence risk and
action plan use. An electronic learning module has been
developed to support training for hospital providers. These
processes are incorporated into paper-based systems of admis-
sion and ED treatment orders. We expect to do the same to
support our approach to care for patients with heart failure.

However, more organisational change is needed to embed
learning from our study into a system of care. Avoiding
medication mix-ups is an example of a pADE that needs a
systems-based solution to ensure a provider confirms that
the patient and family understands and can manage medi-
cation changes. We are developing a checklist to support
hospital providers have that conversation. In tandem, we are
collaborating with our national medication safety organisa-
tion and local community pharmacists to develop a conver-
sational checklist for community pharmacists. This type of
PADE is a problem with many actors involved."” However,
with increased scrutiny to identify pADEs on admission and
report them in our surveillance system, we now have a means
to identify future recurrence of this pADE to make visible
the gaps in the system that causes it, and provide feedback to
providers and hospital leadership.

To date, our work has resulted in two system level changes
(a change in reporting of phenytoin assays provincially
and a health authority change in a drug interaction alert),

and development and exploration of two organisational
changes (for COPD/asthma and managing medication
changes, respectively). Key learning messages specify actions
that providers and patients need to take to avoid a pADE.
Although it is hard to systematise this process, we hope our
findings will allow others to identify stronger solutions that
enable and ensure providers have good quality conversations
with patients.

CONCLUSION

We identified 33 root causes of pADEs resulting in hospitali-
sation, most commonly in cases of COPD/asthma exacerba-
tion, bleeding, hypotension, heart failure, hyponatraemia,
pneumonia and acute kidney injury. The root causes iden-
tified suggest that providers should confirm: patient’s/fami-
lies” understanding of information, how a medication helps
them, how to know if it is working or causing a side effect,
how they plan to enact medication changes, whether they
can follow action plans for variations in their clinical status,
and if needed, arrange additional supports in context of
medication use and monitoring competency. The process
also allowed us to identify system-level and organisational
changes that could reduce the risk of future pADEs and the
surveillance system provides an ongoing means to identify
new learning messages as needs arise.
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Supplementary Appendix Methods: Table 1 Training and Learning Message Development

and Distribution.

Phase Description

Training Prior to the study start, hospital pharmacists received training on the study definition of pADE,
Phase and definition of ADE causality amd preventability criteria, and procedures for screening. The research
Provider nurse also received training in qualitative interview techniques and the nature of various anticipated
Engagement | pADEs.* Family physicians in the local community also received notification via their usual

newsletter of study purpose and expected invitation for interviews. This was also communicated to
local hospital physicians.

The inter-rater reliability of pharmacists ADE screening of patients was assessed by independent
review of 20 charts prior to the start of the study. Due to the limitations of a chart review,
preventability was not part of this assessment, but this component and type of information to
required to assess preventability was discussed at final review of the cases. All g pharmacists
reviewed the same 20 charts to identify presence of a possible ADE or not. Fleiss' kappa was used to
assess inter-rater reliability for ADE identification by pharmacists performing the sceening.? During
pharmacist screening training, inter-rater agreement for ADE identification was "moderate
agreement” bordering on “substantial agreement” [Fleiss’ kappa 0.60 (95%Cl 0.53 - 0.68)].

Development
and
Distribution
of Learning
Messages to
Community
Providers

Development work on learning messages was sequential and began as soon as the investigator
committee identified a theme reflecting emerging root causes. To be a candidate for a learning
message, the theme needed to be able to be translated into specific actions that providers and
families could follow to reduce recurrence of the pADE. Messages were prioritized according to
potential impact and effort required to develop. The learning message was not completed until
most potentially related pADE cases relevant to that message had been reviewed by the committee
(to ensure learning was maximized). This resulted in messages being distributed from March 2018
to May 2019. All content of learning messages was either developed by or reviewed and approved
by the investigator committee (if local experts were involved). Messages were deployed in the form
of 1-page 2-sided documents for distribution to care providers in the local community by paper mail
to all pharmacies and doctors and published in the Division of Family Practice’s newsletter (reaching
60% of local family physicians). These messages were also presented orally at a regular family
doctors meeting (by RC) and a special meeting was convened for local community pharmacists,
primary care and Emergency Department (ED) nurses. Select messages and the purpose of the
pADE Program (term used to describe initiative following formal study closure) was presented by
JdL, CN, RC and a local expert (KD). Learning messages for the public were reviewed by our health
authority’s department of Community Engagement and were translated into Traditional Chinese for
this significant demographic in the community. All provider messages were published digitally on
our institutional research organization’s website, and leaflets for patients/families were published
on our health authority’s patient educational website. Links to these messages and information
about the pADE Program are also posted on the hospital’s intranet.

The Provincial Academic Detailing Service acted as a knowledge broker for 2 key messages (sick day
management, pneumonia) by adding these to their related education programs for physicians and
pharmacists.

References:

1) Fleiss J.L. Measuring nominal scale agreement among many raters. Psychological Bulletin
1971;76:378-382.
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Supplementary Appendix Methods: Table 2. pADE Surveillance tool: Development and
Implementation

Phase Description
pADE Surveillance In addition to the investigator committee, we engaged a key stakeholder, head of
tool: Development and | the hospital’s hospitalist group (TC) to develop this tool. The availability of the
Implementation tool and the purpose of the pADE system was shared at a specially convened

meeting for the local hospital physicians and at relevant department meetings by
the Emergency Department member of the Investigator Committee (RC) and the
Pl (JdL).

RC also presented the purpose of this system and pADE Program, prior to its’
launch, at a regular family doctor’s meeting so that these providers would be
aware that they will receive letters (when patients present to hospital with a
pADE) to share the root causes and learning of the pADE found. This information
was also published in the Division of Family Practice’s newsletter and shared with
local community pharmacists and Emergency Department nurses at the specially
convened meeting (by JdL, RCand CN).

The health authority’s project support group supported development of an
implementation plan for the surveillance tool. This included, development of a key
performance metric (5% of medical admissions equal to 50 % of expected pADEs).
The hospital’s decision support group set up weekly automated reports by
admitting service to permit calculation of this metric. Plans were also developed
to improve reporting or referral of potential pADEs by target users (physicians,
pharmacists and Emergency Department nurses). Finally a reporting structure was
developed to share aggregated pADE reports with physician department heads,
the hospital’s Patient Safety & Quality Committee and the hospital’s medical
leadership. Technical development started in February 2018 and the system was
implemented in October 2019.

The pADE reporting tool is accessible to any hospital provider from the hospitals
intranet. However, to print a PDF letter does require specific user permission and
log-in to the hospital’s computer network. This two-stage process was set up to
allow easier reporting into the system by any user at the point of care while
providing the appropriate level of required privacy/security. This also provides a
means for the Pl (or designated pharmacists) to review reported pADEs to
coordinate subsequent patient care follow-up.

Reports can be generated to evaluate weekly metrics, and those pADEs that meet
the criteria for an ADR are shared (by a secure file transfer protocol) with the
relevant Provincial Agency as part of the mandatory national ADR surveillance
program.
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Supplementary Appendix Results: Table 1. All root causes identified

Root Cause (Number of
patients impacted)

Explanation

1. Action Plans for Lack of provider provision; furosemide for HF requires separate blister pack to permit Home Support
HF, COPD and Worker to administer within a specific plan under supervision of Home Care Nurse.
Asthma (13)

2. Antibiotics Lack of prescriber/pharmacist referring to CAP guideline; http://www,bugsanddrugs.org is available
referral to to provide local antibiotic recommendations but providers do not look at this. Unaware that
guideline (6) macrolide monotherapy inadequate for S.pneumoniae and unaware of correct amoxicillin dose.

3. Anticipate issue Lack of anticipation of future need for therapy (laxative for opioid escalation) or combined toxicity of
(6) medications (e.g. CNS effects)

4. Bleeding Risk Lack of bleeding risk assessment (e.g. not asking adequate screening questions for NSAIDs and not
Assessment (6) referring to a guideline for indications to provide primary prevention therapy)

5. Deferring (8) 3 types: 1) Patients deferring to physician or specialist or hospital (these providers not requiring

demonstration of skills, not acknowledging process well done e.g. process of patient measuring BP
not acknowledged as well done, providers take over care of patient 2) Physician deferring to
physician (hospital MD to GP, GP to specialist 3) Hospital MD or community pharmacist deferring
issue to patient to discuss with GP
6. Device (6) Poor technique due to lack of provider incorporating assessment into routine practice; use of
samples results in bypass of Pharmacist, same for devices given directly to patient from nursing unit
during hospital stay (unlabelled with dose and regimen).

7. Drug-Drug Pharmacist downplaying interactions even if alerted by computer system (Pharmacist unsure how to
Interactions (2) handle, QTc prolongation — palpitations counselling)

8. Form* (4) Patients had misunderstood hospital personalized discharge plan document because it specifies

medications to take over the rest of that day (not those already taken).* Could be considered a
causal factor (rather than root cause), as provider did not confirm that patient/family had understood
information. Patients interpreted partial list to mean complete medication list.

9. Home Support Require specific parameters to be ordered and explicit instructions about what to do when threshold
(4) met e.g. call MD if HR less than 50 bpm vs monitor HR daily; not always made use of (for monitoring)

even if visit patient regularly

10. Independence Providers could not manage conflict between providing support and patients perceived intrusion on
3) independence leading to inability to recognize and respond to medication side effects and

medication non-ahderence.

11. Intentional Non- Due to provider not helping patient understand purpose/benefit of medication, identifying barriers
Adherence (20) to use (e.g. cost) or concerns or beliefs/preferences or understanding of need/presence of medical

condition or purpose behind task of monitoring or lack of continued positive feedback for following
task (BP always normal so stopped as MD did not mention it was a problem).

12. Medication Provider overlooking test results indicating an adjustment needed (TSH, perhaps not interpreting in
Adjustment light of information on adherence; not adjusting for renal dysfunction (DOACs)

Provider (12)

13. Medication Providers not ensuring patients/families understand implications of medication changes; getting new
Change Provider prescription for new medication or changed dose; managing stopped medications; discharging
(8) physician not referring to admission medication list to stop medications not ordered as an in-patient

(does not appear on computer generated discharge list).

14. Medical Decision Not involving patient and family in deciding whether to take anticoagulation for stroke prevention
Making (1)

15. Medication Patient unaware of how to know if medication is working
Effect (17)
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Root Cause (Number of
patients impacted)

Explanation

16. Medication Provider had not implemented a monitoring plan (e.g. thyroid stimulating hormone monitoring,
Monitoring serum creatinine), even if supports available to carry out (heart rate by Home Support Worker with
Provider (18) Home Care Nurse liaison)

17. Medication Side Patient unaware of how to know if causing side effect (Provider did not confirm ability to do this)
Effect Patient
(28)

18. Medication Side Provider did not consider if new symptoms could be side effects of current drug therapy; common
Effect Provider (e.g. falls) or rare (bullous pemphigoid due to primidone, tremors due to amiodarone)

3)

19. Medication Providers fail to assess competency of patient and family to monitor medical condition and respond
Monitoring appropriately to change in clinical status; As a result fails to identify need to arrange required
Competency (11) medication support

20. Medication Use Provider not assessing medication use competency; can patient and family safely take medications
Competency (12) themselves? Not engaging potentially competent family member; as a result fails to identify need to

arrange required medication support

21. Out-of-Country Providers unaware of (fails to ask) patient’s use in context of frequent or lengthy periods out-of-
Medication or country ; use of relative’s benzodiazepine (provider not asking careful questions regarding such
Use of Family medication use in conext of known benzodiazepine dependency)

Member's
Medication (2)

22. Pharmacists Not challenging dose of antibiotic for CAP (not referring to guideline); Not assessing dose of drug or
Assessment (3) monitoring requirements.

23. Pharmacist Pharmacist not fulfilling duty of care in not dispensing furosemide (and other meds) for patient new
Declines Access to Province; same for steroids for action COPD plan for patients with prior prescriptions but no
3) active prescription on file.

24. Pictures* (1) Providers lack of using pictures to support patient understanding of complex issues e.g.

hypoglycemia ; coud be considered a causal factor (not a root cause) as it led to a problem because
understanding not confirmed.

25. Prescribing (18) Unclear indications for drug therapy (not referring to guideline); inappropriate dose (too high or low)
(other than ; need for drug therapy but not prescribed (laxative, glucose gel)
antibiotics)

26. Provider- Specialist to Specialist non-direct communication via Provincial electronic record (CareConnect)
Provider assumes receiving Specialist reviews that (direct phone call better); No closed loop communication
Communication system between nursing team responsible for transition home with discharging physician resulting
(2) in home supports (medication delivery) not set-up in time for patient discharge leading to patient

returning with heart failure due to lack of furosemide.

27. Referral to Other Provider’s not making use of community Respiratory Therapist (over-arching); Family MD not
Provider (1) making use of Internal Medicine consult (for new hyperthyroidism)

28. Sample (2) Use of samples results in bypass of pharmacist for counselling of purpose/effect/side effect (e.g.

agent for constipation caused severe diarrhea)

29. Sick Day (15) Lack of provision of sick day plan (relatively new, not incorporated into routine practice, warfarin and

caloric section new components).

30. Surrogate (4) Provider may not confirm that surrogate (if picking up instructions) will convey instructions or

confirm understanding of these.

31. System Gaps (3) Missing sotalol amiodarone interaction in hospital computer system; lack of reminder to prescriber

to adjust phenytoin reported level for low albumin in community private laboratory system.
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Root Cause (Number of Explanation
patients impacted)

Reminder to adjust with link to online resource added by laboratory to reporting format, with 1-8oo
telephone# to add albumin.

32. TeachBack (35) Provider not following a process to verify patient or competent family member understanding of
information, instructions. If this was routine process, need to use translator services (available 24/7)
would be routine.

33. Over-arching Providers take over the care of the patient Passive process of”providing” information, viewed as a
root cause in single “episode of care” left to end of hospital stay, patient/family feels rushed and cannot process
hospital information or plan how to manage medication changes.
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