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ABSTRACT
Background: In 2005, The Joint Commission included

medication reconciliation as a National Patient Safety

Goal to reduce medication errors related to omissions,

duplications and interactions. Hospitals continue to

struggle to implement successful programmes that

meet these objectives.

Methods: The authors used improvement methods and

reliability principles to develop and implement

a process for medication reconciliation completion at

admission at a large, paediatric medical centre.

Medication reconciliation was defined as recording

a complete and accurate list of each patient’s

medications within 20 min of admission by the nurse

and reconciliation of those medications within 24 h of

admission by the physician. Interventions focused on

five main areas: leadership and support from senior

physicians and nurses to sustain a culture of safety;

simplification and standardisation of the electronic

medication reconciliation application; clarifying roles

and responsibilities; creating a highly reliable and

visible system; and sustainability.

Results: At baseline, only 62% of patients had their

medications reconciled within 24 h of admission. Over

a 9-month period, $90% medication reconciliation

was achieved within 24 h of admission. These results

have been sustained for 27 months.

Conclusions: Through the use of improvement

methods and reliability science, a sustainable process

for medical reconciliation completion at admission was

successfully achieved at a large, busy academic

children’s hospital.

Medication errors and preventable adverse
drug events (ADEs) in healthcare facilities
continue to be serious problems. In response
to mounting safety concerns, in 2004,
The Joint Commission (a USA-based, not-
for-profit organisation that accredits and
ertifies healthcare organisations) announced
National Patient Safety Goal 8, calling for
healthcare organisations to ‘accurately and
completely reconcile medications across the
continuum of care.’1 Accredited organisa-

tions were required to develop and test
processes for medication reconciliation to be
implemented by January 2006. Medication
reconciliation is a formal process of
obtaining a complete and accurate list of
each patient’s current home prescription and
non-prescription medicationsdincluding
name, dosage, frequency and routedand
comparing hospital admission, transfer and
discharge medication orders to that list.2

Since its introduction, many organisations
have struggled to develop effective and effi-
cient processes to meet Safety Goal 8. A 2006
survey of hospitalists found that medication
reconciliation was fully implemented at only
48% of respondent’s hospitals.3 In a 2009
survey, 57% of hospital pharmacy directors
reported that their hospital had a medication
reconciliation process that worked well.4

Cincinnati Children’s Hospital Medical
Center (CCHMC) had also struggled with
meeting theGoal 8mandate.Evenafter adding
an electronic reconciliation application, only
about 62% of patients had their medications
reconciled at admission. As a result, an execu-
tive steering committee was formed to under-
stand the problem, and an improvement team
was launched to implement solutions.
This article describes the use of improve-

ment methods5 and reliability science6 to
develop and implement a sustained medica-
tion reconciliation process to improve patient
safety and compliance with Safety Goal 8.

METHODS

Setting
CCHMC is a large, urban paediatric academic
medical centre located in the Midwest USA. In
fiscal year 2009, CCHMC had over 31000
inpatient admissions in 511 registered inpa-
tient beds. Over 2300 health professional
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students, residents and fellows receive clinical and
research training annually. In 2002, CCHMC implemented
a system to integrate clinical information that included
computerised clinical order entry, clinical documentation
and an electronic medication administration record.

Planning the intervention
The improvement team, consisting of physician and
nursing leaders, frontline nurses and physicians,
a quality-improvement consultant, a data analyst, and
a patient safety project manager, mapped the existing
reconciliation process (figure 1A), conducted a failure
mode and effects analysis,7 8 and examined the key
drivers that prioritised interventions. The key drivers
were revised over time. Figure 2 depicts the final, highly
accurate key driver diagram. Our specific aim was to
increase and sustain completion of medication recon-
ciliation at admission to greater than 90% for inpatient
medical services. Reconciliation was defined as
recording a complete and accurate list of each patient’s
medications within 20 min of admission by the nurse
and reconciliation of those medications within 24 h of
admission by the physician.

Improvement activities
CCHMC uses The Model for Improvement5 as our
framework for developing and testing rapid changes that
will lead to improvement. The model has four key
elements: aim, measurement, ideas for change and tests
of change. Interventions focused on five main areas.
Guided by quality-improvement consultants, changes
were tested through a series of PlaneDoeStudyeAct
(PDSA) cycles.5 Strategies were initially tested on
a paediatric medical/surgical unit and later spread
gradually to other medical services.
1. Leadership and support to sustain a culture of safety

< Process owners and senior leaders worked to remove
barriers to progress, such as lack of alignment of units
and paediatric residents with this institutional goal.
– The Chief of Staff confirmed the project as an
institutional priority to unit leaders, holding
operational personnel accountable for their
performance.

– A paediatric chief resident was added to the
improvement team. All of the chief residents
investigated daily failures to reconcile medications
and communicated results to residents, the primary
prescribers, holding them individually account-
able. The prioritisation was further supported by
the paediatric residency program director.

< Medication reconciliation completion constituted
a small piece of a hospital-wide initiative launched
by CCHMC in 2006 to become a high-reliability
organisation6 and decrease serious safety events.

< Since 2005, all patient care providers have been
asked to voluntarily and anonymously complete the

Agency for Healthcare Research and Quality
Hospital Survey on Patient Safety Culture.9

2. Simplification and standardisation of the electronic
medication reconciliation application
< Streamlined the workflow for all nurses and

prescribers to decrease variation in process comple-
tion (figure 1B).

< To ensure a more readily available, updated
medication reconciliation for physicians to verify
early in the admission process, medication recon-
ciliation was moved from the 20th item completed
by the nurse while taking an admission history to
the 3rd item completed.

< Internal development of an electronic medication
reconciliation program with:
a. Separate views and functions for nurses (create/

update medication list) and prescribers (recon-
cile medication list).

b. Patient information interfaced with the hospital
registration system.

c. Individual fields with drop-down lists and auto-
completion features for dose, frequency, route,
time of last dose and additional comments
(figure 3).

d. Medication libraries containing trade and
generic drug information within the application.

e. Simple reconciliation functions such as hold,
continue or discontinue.

f. Access to prior medication lists for repeat patient
encounters.

< Improved error identification: large red boxes were
placed around data fields with missing or incom-
plete required information, making these fields
easier to find.

< System integration: the application was integrated
with the primary electronic medical record used for
order entry. A prompt with a quick link to the
medication reconciliation form was placed at the
beginning of the order-entry pathway and remained
visible until medications were reconciled (figure 4).

< Integration with discharge summary: medication
information from disparate electronic databases was
compiled into the discharge summary system. Medi-
cations from the reconciliation application and those
administered during the previous 48 h were viewable,
allowing the physician to continue, discontinue or
revise medications. An updated list was included with
discharge documentation provided to families.

3. Clarifying roles and responsibilities
< Two weeks prior to the initiation of the project on

a unit, an introductory meeting led by the project
manager was held with the resident team and
nursing and physician leaders of the unit. A
Microsoft PowerPoint presentation described the
enhancements of the medication reconciliation
program and expectations for its completion.

< An algorithm was developed to sustain compliance
with reconciliation expectations (figure 5).
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< Each inpatient unit identified physician and
nursing directors as process owners responsible
for monitoring unit performance and responding
to failures. The chief residents served as process
owners responsible for medication reconciliation
by residents. One chief resident was designated
primary owner. They educated each resident team
about the expectations of medical reconciliation at
monthly team meetings, assured that each resident,
including outside rotators, had access to the
reconciliation programme and were responsible
for identifying and mitigating failures. They
received weekly updates on failures and had
targeted, specific discussions with residents to
identify system and individual performance-failure

modes. System errors (eg, failure of the electronic
medical record prompt to appear) were addressed
and resolved, and educational gaps were explored.
For example, initially, residents did not realise that
they should complete medical reconciliation, even
if the patient did not have any home medications.

< Reminders to complete medication reconciliation
were posted on wheeled computers used during
rounds. Outstanding reconciliations were
addressed during rounds with the expectation to
to complete them then or to place them on the
team’s daily ‘to do’ list.

4. Creating a highly reliable and visible system
< An automated data-reporting system allowed

process owners to monitor admissions and evaluate

Figure 1 Original and revised medication reconciliation flow diagrams. (A) Original medication reconciliation process.
(B) Revised workflow for medication reconciliation completion. EHR, electronic health record; ICIS, integrating clinical information
system (the HER); MD, medical doctor; Med Rec, medication reconciliation; Pt, patient; RN, registered nurse.
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the performance of units and resident teams
weekly.

< Data on compliance for each service and unit were
reviewed by the project manager weekly, sent to the
chief residents and posted on a large scorecard in
the resident conference room (figure 6). Current
compliance for each team was highlighted at
monthly conferences.

< Compliance was included on strategic scorecards10 11

to allow senior leadership to monitor the perfor-
mance of each unit individually, as well as to
compare each unit’s performance

5. Sustainability
< At the end of each academic year, departing chief

residents met with the incoming chiefs to relay the
responsibilities of the position and lessons learnt.

< A new scorecard was placed in the resident
conference room every 6 months.

< Process owners, unit and hospital-wide leaders,
received weekly email updates on medication
reconciliation, including data on overall compli-
ance and links to performance breakdowns. Some
units posted their individual compliance in loca-
tions visible to staff and patients.

< Units presented their results quarterly to a team
responsible for hospital-wide clinical systems
improvement.

< All employees could view performance control
charts on the hospital intranet.

< Annual training of new resident physicians and
fellows completed by a project manager for patient
safety in the spring of each year included a review

Figure 2 Cincinnati Children’s
Hospital Medical Center (CCHMC)
inpatient medical services
medication reconciliation key
driver diagram.

Figure 3 Screen shot of
prescriber view of medication
reconciliation program.
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of the medication reconciliation application and
the expectations of completion within 24 h of
admission.

< Training for new nurses was incorporated into their
standard orientation.

Measures
The primary outcome measure was the percentage of
medical patients with medication reconciliation
completed within 24 h of admission.

Data collection
Data were obtained weekly from automated reports
merging admitting and registration information from the
primary electronic medical record with data from the
electronic medication reconciliation application. Two
separate reports were run daily. All admissions within
a 24 h period were extracted from the admission/
discharge/transfer electronic system. A report on the
status of the medication reconciliation for each patient
within 48 h of admission was obtained from the electronic
medication reconciliation system. Medication reconcilia-
tion status was categorised as (1) reconciled, or compliant
with process, or (2) not reconciled, non-compliant with
process. The report did not contain the status of the
reminder prompt within the order-writing system, as
the prompt was a built-in reminder and convenience link
to streamline workflow. The Microsoft Access database
was monitored daily by a project manager.

Analysis
Data on completed medication reconciliations at
admission were plotted on a statistical process control
chart to examine the impact of interventions over time.
Control charts are commonly used in industry to analyse
process-improvement efforts and identify common-cause
variation (variation caused inherently by a system) and

Figure 4 Reminder prompt appearing in the electronic
medical record.

Figure 5 Accountability
algorithm.
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special-cause variation (variations not normally part of
the system that appear due to specific events).12

Observed changes are considered special causes when
any of the following criteria are true: there is a shift
(eight or more consecutive points either above or below
the mean/median centre line); there is a trend (six
consecutive increasing or decreasing points); or there
are alternating points (at least 14 consecutive points
alternating above and below the mean/median centre
line). A P control chart was constructed based on count
data with a binomial distribution.13 The P chart
considers data points derived from counts where the
population sample size varies at each data point. The
control limits take this variation in sample size into
consideration, so the control limit lines do not appear as
straight lines.

Human subject protection
The CCHMC institutional review board waived the
requirement for written informed consent for this
quality-improvement initiative, provided that no indi-
viduals were identified.

RESULTS

The number of medications per patient at admission for
various age groups is shown in table 1. Approximately

half of the children admitted were taking seven or more
medications. For children less than 2 years of age, the
percentage was even higher. The most common medi-
cations reconciled are shown in table 2. When the
project was launched, the inpatient medical services
were 62% compliant with completion of medical recon-
ciliation within 24 h of admission. Within 9 months of
implementation, medication reconciliation completion
was >90% hospital-wide. This was sustained at a mean of
93% for 27 months (figure 7). At the unit level, critical
care areas initially struggled the most with meeting
medication reconciliation goals, but over time, they met
expectations (figure 5).

DISCUSSION

We used reliability and improvement science methods to
implement a successful and sustained medication
reconciliation process. Improvement science is defined
as applying the scientific method to making improve-
ments to systems and processes that improve the delivery
of healthcare.5 14 Improvement activities focused on the
key drivers to successful and sustained medication
reconciliation identified by the team following the
failure mode and effects analysis: senior leadership
support, simplification and standardisation of the
reconciliation process and electronic application,

Figure 6 Performance scorecard.

Table 1 Medications per patient at admission

Patient age
(years)

No (%) of patients
with no medications
(N[22 452)

No (%) of patients
with 1e2 medications
(N[7830)

No (%) of patients
with 3e6 medications
(N[6598)

No (%) of patients
with 7 or more
medications (N[4305)

0e2 8674 (20.1) 2605 (9.5) 1226 (3.4) 446 (67.0)
2e8 5762 (16.1) 2261 (18.1) 2171 (18.5) 1162 (47.3)
8e14 3663 (19.9) 1487 (19.1) 1536 (10.2) 991 (50.7)
>14 4353 (19.4) 1477 (20.0) 1665 (12.9) 1706 (47.7)
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prescriber knowledge of expectations, and a highly reli-
able and visible system. We believe these elements are
generalisable to other institutions.
Enhancements to the electronic application linking

order entry to the medication reconciliation application,
in particular, appeared to increase usability and reli-
ability, leading to rapid improvement. Developed by
industrial engineers,15 reliability science has been used
effectively in complex industries such as nuclear power
to improve both safety and the rate at which a system
consistently produces appropriate outcomes.16e21 Reli-
ability science has been applied to healthcare to help

providers reduce defects in care or care processes,
increase the consistency with which appropriate care is
delivered and improve patient outcomes.22 We achieved
90% compliance when we had spread to seven of 13
medical services, accounting for 51% of inpatient
admissions. The rotation of residents to other non-
intervention services likely caused unintended spread of
improvements prior to official implementation.
Our improvement team consisted of frontline physi-

cians/residents, nurses and internal quality-improve-
ment specialists. Initially, the chief residents were not
included on our team. This was a mistake, as they knew
the system and could hold residents accountable for
medication reconciliation completion. Not until we
engaged them were we able to make meaningful changes
that drove progress. Having the right people on the team
promoted improved communication and accountability
that hardwired processes.23 24 Ensuring that frontline
staff felt responsible for completing medication recon-
ciliation (deference to expertise6) was instrumental to
success. At initiation of the project, the team met weekly.
As the project progressed, meetings occurred monthly.
Not every site may have the personnel and resources to
commit to this endeavour.
Most importantly, the use of improvement science

methodology was instrumental in sustaining the process.

Table 2 Most common reconciled medications

Medication No (%)

Albuterol 4712 (4.6)
Lansoprazole 3448 (3.4)
Miralax 2173 (2.1)
Acetaminophen 1967 (1.9)
Diazepam 1894 (1.9)
Ranitidine 1706 (1.7)
Ondansetron 1516 (1.5)
Montelukast 1444 (1.4)
Budesonide 1329 (1.3)
Fluticasone 1258 (1.2)

Figure 7 Annotated P chart. PDSA, Plan-Do-Study-Act.
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With the key components of the sustainability plan in
place (clear plan, accountability algorithm, process
owners and transparent data), we have been able to
sustain house-wide medication reconciliation compli-
ance on inpatient medical services. Although this project
was initially labour-intensive, once the team transitioned
to a sustain model, a project manager spent only
45e60 min each week reviewing data and updating and
submitting reports to unit and hospital leaders.

Limitations
In the testing phase, process measures were included in
each of our PDSA cycles. Data collection on additional
process measures was prohibited by cost and resources.
We chose instead to focus resources on studying failures
that had an impact on our main outcome measured
medication reconciliation completion. The availability of
data on compliance rates within 48 h allowed us to
quickly analyse and address failures.
There is strong evidence in the medical literature for

adult patients linking medication reconciliation
completion to reduction in ADEs, but evidence in
paediatrics is lacking.25 26 Initially, we assumed that most
of our patients were on fewer high-risk medications than
adults. Thus, we were surprised to find that many chil-
dren on only one medication at admission were actually
taking high-risk drugs, such as warfarin and filgrastim.
Owing to the severe consequences of ADEs related to
high-risk medications, our goal was to improve paediatric
patients’ medication reconciliation completion at admis-
sion. Although we were able to demonstrate improvement
in reconciliation completion, we could not determine
whether increased compliance led to a decrease in ADEs.
Since the implementation of the reconciliation process,
there has been an overall increase in reports of medical
errors at CCHMC. This is believed to be a result of
organisational-wide efforts to increase detection of patient
harm while reducing our punitive culture. Currently, we
do not have a reliable process to link reported medication
errors to errors secondary to inaccurate medication
reconciliation, so are unable to differentiate the under-
lying causes of reported ADEs. We are currently working
on a dependable process to link errors in medication
reconciliation to ADEs and to accurately capture medi-
cation reconciliation failures.
Although medication reconciliation was completed,

accuracy remains a concern. A next step to improve the
accuracy of medication history is to authenticate inpa-
tient medication reconciliation with comprehensive
pharmacy medication histories. Other hospitals have
used pharmacists to perform medication recon-
ciliation.27e30 Early PDSA cycle testing of reconciliation
of high-risk medications by pharmacists at CCHMC
actually prolonged completion by 15e50 min when they

had to clarify orders with the prescribing physician. Our
hospital did not have the personnel or resources for
pharmacists to take on this role daily. As we imple-
mented a new electronic medical record system, we
integrated inpatient medication reconciliation with
outpatient and pharmacy records to improve accuracy
and incorporate medication reconciliation into medica-
tion management.
Also, the medication reconciliation prompt was not

a ‘hard stop’ or an alert in an electronic medical record
that did not allow one to proceed with orders or docu-
mentation until the required task (medication reconcil-
iation) was performed.31 Thus, prescribers could bypass
the system by clicking on the ‘done’ button when, in
reality, medication reconciliation had not been
completed. To address this concern, we built redun-
dancy into the system. If a prescriber clicked the ‘done’
button and had not entered the medication reconcilia-
tion program, it was counted as a medication reconcili-
ation failure. There is a possibility that a prescriber could
enter the medication program and then hit the ‘recon-
cile’ button without truly reviewing the list and making
changes. Unfortunately, we do not have data to deter-
mine how often this occurred. However, to help alleviate
this concern, in our new electronic medical record,
medication reconciliation is directly linked with placing
inpatient orders and not a separate step.

CONCLUSIONS

We used quality-improvement methods and reliability
science to successfully implement a sustainable process
for medical reconciliation completion at admission at
a large, busy academic children’s hospital. In addition to
performing well on this common quality measure, we
believe this will increase the reliability of the care we
deliver and may be a step in decreasing ADEs.
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