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ABSTRACT

Over 90% of patients with head trauma seen in emergency
departments (EDs) are diagnosed with minor head injuries.
Over-utilisation of CT scans results in unnecessary
exposure to radiation and increases healthcare utilisation.
Using recommendations from the Choosing Wisely
Canada (CWC) campaign and quality improvement (Ql)
methodology, we aimed to reduce the CT scan rate for
head injuries by 10% over a 6-month period.

Baseline CT scan rates were determined through

a 27-month retrospective cohort review. We used
stakeholder engagement and provider surveys to develop
our driver diagram and Plan-Do-Study-Act (PDSA) cycles,
which included (1) improving provider knowledge about
the CWC campaign recommendations; (2) testing, refining
and implementing a modified Canadian CT Head Rule
checklist; (3) developing CWC-themed head injury—specific
patient handouts; and (4) feedback on CT scan group
ordering rates to providers. Our primary outcome measure
was the number of CT scans performed for patients with
head injuries. Process measures included the number of
checklists completed and ED length of stay (LOS). Our
balancing measure was return ED visits within 72 hours
(with or without admission).

Baseline CT scan rates prior to our interventions was
46.1%. Our Ql initiative resulted in a ‘shift’ in the
Statistical Process Control chart of the weekly CT scan
rates, associated with the first and second PDSA cycles,
resulting in a 13.9% reduction in CT rates during the
initial 3 months, and a sustained reduction of 8% at 16
months (p<0.05). Mean ED LOS for all patients with head
injuries decreased by 1.5min (p=0.74). 33% of checklists
were completed. 72-hour return visits did not change
significantly (p=0.68).

Through provider and patient education, and the creation
of a user-friendly evidence-based tool, our local Ql
initiative was successful in achieving long-term reduction
in CT rates for patients presenting to EDs with head
injuries.

PROBLEM

The University Health Network is an adult-
only academic tertiary care centre in Toronto,
Canada, which includes two distinct ED sites
that see approximately 120 000 ED visits on an

annual basis. Of these, approximately 2000
visits are for head injuries. Several national
and international organisations have recently
highlighted the issue of unnecessary utilisa-
tion of diagnostic imaging for patients with
minor head injuries, including the Choosing
Wisely Canada (CWC) Campaign, the Cana-
dian Association of Emergency Physicians and
the American College of Emergency Physi-
cians."™ They also recommend the use of
validated clinical decision rules to determine
when CT scan imaging is necessary.' > The
Canadian CT Head Rule (CCTHR) is a clin-
ical decision rule that has undergone robust
clinical validation, is highly sensitive for
detecting clinically significant head injuries
and provides clear recommendations on
which patients with minor head injuries need
diagnostic imaging.*™

To understand the scope of the problem
locally, a 27-month retrospective chart review
of our institution’s electronic health record
(EHR) data for all patients with head injuries
was completed. This showed that approxi-
mately one in two patients presenting with
a head injury underwent a CT scan of the
head.” Furthermore, a detailed manual
review of 200 patient charts with a discharge
diagnosis of head injury showed that 79% of
all CT scans done were not indicated by the
CCTHR, which is a significant quality issue in
terms of safety, efficiency and resource utili-
sation. A comparison of CT scan rates before
and after the launch of the CWC campaign
at our institution did not show a significant
difference in the proportion of CT ordered
for patients with head injuries, and this high-
lighted the need for quality improvement
(QI) methodology to tackle our local issue
of over-utilisation. Hence, our aim through
the Checklist for Head Injury Management
Evaluation Study (CHIMES) was to achieve
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a relative reduction of 10% in CT scan utilisation for
patients presenting to our EDs with a head injury over a
period of 6 months.

BACKGROUND

Head injuries are common presentations to EDs glob-
ally, with over 2million annual visits to North American
EDs, and over 400000 annual visits in the UK alone.®8?
Despite heterogeneity in the mechanism of injury, studies
have shown that over 90% of these patients do not have a
clinically significant traumatic brain injury (ie, requiring
neurosurgical intervention or admission to hospital with
neurosurgical follow-up).”® CT scan, the most common
form of imaging used for the evaluation of head injuries in
high-resource settings, has been consistently over-utilised
for patients with minor injuries, with studies showing
that a third of CT scans done are potentially avoidable."
Despite national recommendations by several organi-
sations to use clinical decision rules when ordering CT
scans for minor head injuries, CT scan over-utilisation
remains an issue in many EDs." '?

The CCTHR is a widely accepted and well-validated
clinical decision rule used for ED patients with minor
head injuries. Several studies have shown the rule
performs better than other clinical decision rules and
is highly sensitive at detecting clinically significant head
injuries.* ® 1% However, the effect of the CCTHR on
reducing CT scan utilisation has yielded mixed results,
with some studies showing decreased CT use with the
CCTHR, while others showing increased use of CT scans
postimplementation.® '

Studies that failed to show a reduction in CT scan use
have identified several challenges with the implemen-
tation of the CCTHR. Major themes identified involve
knowledge translation around decision rules, physi-
cian comfort and medico-legal concerns with using the
CCTHR, patient Ereference and ease of access to diag-
nostic imaging.’ ' More recently, Sharp and colleagues
used a multimodal intervention that included decision
support, leadership buy-in and physician education to
decrease CT scan use over during a 6-month period."
In addition, work done in paediatric head injuries have
shown that patient/provider education can reduce
overall healthcare utilisation.'® However, studies showing
long-term changes in physician behaviour surrounding
CT scan utilisation for head injuries are lacking, and
using QI methodology to tackle this issue has not been
reported.

MEASUREMENT

Baseline measurement

Baseline measurements were determined through a
retrospective cohort study. Patients aged 16 years or
older with a primary or secondary discharge diagnosis of
head injury were identified using International Classifi-
cation of Diseases codes (ICD-9 or ICD-10) for diagnoses
pertaining to head injury. CT scan rates were obtained

using electronic medical records for identified patients
through decision support at our institution.

There were 4322 qualifying visits at our sites during the
27-month period preceding our planned QI initiative.
The median presenting age was 44.1 years (IQR 27.8-
67.5), the median Glasgow Come Scale (GCS) score was
15 (maximum score 15; IQR 15-15), and the majority of
patients presenting were of intermediate acuity (Cana-
dian Triage and Acuity Scale score of three out of five
levels). Overall, 43.2% of patients arrived via ambulance,
and 10.5% of patients were admitted to hospital. In total,
49.2% of patients underwenta CT scan of the head. Overall
length of stay (LOS) for patients who were discharged
from the ED was 3.4hours (IQR 2.2-5). LOS for patients
who were discharged without a CT scan was 2.6 hours
(IQR 1.7-3.6) compared with 4.5hours (IQR 3.4-6.2) for
those who underwent a CT scan. We compared the rates
of CT scan utilisation in the 12 months pre-launch and
postlaunch of the CWC campaign, and we did not find
a statistically significant difference in the rates (50.4% vs
47.7%, p=0.07). A detailed chart audit of 200 randomly
selected patient charts with a final diagnosis of head
injury showed that 93.5% of patients had an initial GCS
score of 13-15, and 86.5% met eligibility criteria for the
CCTHR. Seventy-nine per cent of all CT scans done were
not indicated by the CCTHR.

We also electronically surveyed ED providers to better
understand practice patterns and potential reasons for CT
scan over-use prior to any planned interventions. In total,
72 out of the 100 staff providers who ordered CT scans
in our ED (ie, physicians, nurse practitioners, physician
assistants) responded to the survey. Moreover, 90.3% of
respondents stated that they routinely used a clinical deci-
sion rule to make diagnostic imaging decisions, with the
CCTHR being used exclusively; 84.7% of respondents felt
that CT scans were over-used for patients with head inju-
ries in our EDs. When asked to estimate overall CT scan
utilisation for patients seen in our EDs for head injuries
using deciles, the most frequent response was 40%-50%
(30.6% of respondents), followed by 50%—-60% (20.8% of
respondents). However, when asked to estimate their own
utilisation, the most frequent response was 20%-30%
(34.7% of respondents), followed by 30%-40% (19.4%
of respondents).

Ongoing measurements

Measures used to study our interventions were obtained
through a combination of EHR and paper records, with an
emphasis on clinically meaningful outcomes and patient-
oriented outcomes. We used descriptive statistics (means)
and statistical process control (SPC) charts to report
our data. Accepted SPC chart ‘rules’ were used to detect
special cause variation in our data and report any changes
from baseline measurements.'” For our SPC chart anal-
ysis specifically, data from the preceding 10 months were
used to establish a baseline. Tests for statistical signifi-
cance were done using % analysis for categorical data; the
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Mann-Whitney U test for continuous data. The following
measures were collected for our project:

Outcome measures

Primary

1. Percentage of patients with an ED discharge diagnosis
of head injury who underwent a CT scan of the head.

Secondary
2. ED LOS (in minutes) for patients with a discharge di-
agnosis of head injury.

Process measures

1. Percentage of patients with a discharge diagnosis of
head injury that had our new checklist (from PDSA 2)
added to their chart.

2. Percentage of checklists completed (when added to
chart).

Balancing measures

1. Percentage of patients with a discharge diagnosis of
head injury with a return visit to the ED within 72 hours.

2. Percentage of patients with a discharge diagnosis of
head injury with a return visit to the ED within 72 hours
and resulting in admission to hospital.

DESIGN

Prior to our team starting this initiative, there was anec-
dotal agreement that CT scan over-utilisation for head
injuries was an issue in our EDs. Awareness and urgency
regarding over-utilisation of CT scans, and its relevance
to local practice patterns, was accomplished initially by
performing a retrospective cohort study at our insti-
tution, as described previously. Data from our study
were presented at the monthly business meeting to ED
providers. This allowed us to create a burning platform,
to gauge interest in the project, and to identify potential
champions.

All relevant stakeholders were engaged in the project,
and they were continuously involved in various aspects of
the PDSA cycles. These included the ED Chief and Assis-
tant Chief, QI Committee leads, nursing and administra-
tive leads, frontline medical doctors (MDs), physician
assistants (PAs), nurse practitioners (NPs), registered
nurses (RNs), trainees and clerical assistants. Root-cause
analysis was done using a combination of electronic
surveys and focus groups to elicit information. The results
were used to develop an Ishikawa diagram, and QI inter-
ventions that were deemed feasible and achievable by our
project team were designed, tested and implemented to
achieve our aim (figure 1).

STRATEGY

Our project aim was to achieve a relative reduction of 10%
in the percentage of CT scans performed by ED providers
for patients presenting with head injuries over a period
of 6 months. Our PDSA cycles, described below, included
several small iterative improvements within each cycle.

Patient-related
Factors

Provider-related
Factors

Lack of patient
education

Clinical Decision -
tool misapplication
Medico-legal
concerns

Patient
preference/ o
expectations

—_—

Lack of CWC
campaign awareness

Patient risk

factors
Lack of local Data
awareness

R —

CcT
Over-utilization

Overcrowding
and work
pressures

24/7 availability
of CT- imaging

—_—

Neurosurgical
referral center

SEETE— Ease of access to

ordering imaging

Lack of provider

or departmental ——————>
feedback

Lack of integration
of decision rules ——
into workflow

System-related
Factors

Process-related
Factors

Figure 1 Ishikawa diagram showing results of root-cause
analysis for CT over-utilisation for patients with head injury.
CWC, Choosing Wisely Canada.

We present here the final product of each PDSA, as they
were implemented in our EDs.

PDSA cycle 1: education and dissemination of the CCTHR
and the CWC Campaign recommendations (weeks 1-3)

We targeted ED providers affected by our initiative
including MDs, NPs, PAs and RNs. Electronic links to
the CWC Campaign’s recommendation on head injuries
were sent to them through our monthly ED newsletter
which was accessed by 75 of the 100 targeted providers.”
In addition, we engaged MDs, NPs and PAs during one of
their monthly rounds presentations by creating awareness
and urgency about the project’s aim, the local baseline
CT scan rates, the CWC Campaign’s recommendations
and the effectiveness of validated decision rules such as
the CCTHR in decreasing CT scan utilisation. Similarly,
RNs and registration clerks were targeted during their
daily morning huddles by creating awareness about the
project’s aim to reduce CT over-utilisation and the neces-
sity to use validated clinical decision rules.

PDSA cycle 2: introduction of new CHIMES Checklist (weeks
4-11)

One of the themes that emerged during our root-cause
analysis was the inappropriate application of the CCTHR
to patients with minimal head injuries (GCS score 15 and
without loss of consciousness, amnesia or disorientation),
instead of those with minor head injuries (GCS score
13-15, with loss of consciousness, amnesia or disorien-
tation).”” As such, the application of a clinical decision
rule to a population with a lower pre-test probability of
clinically significant injury would lead to an increase in
the number of CT scans done without an improvement
in detection rate and hence result in a higher false-
positive rate.”’ Consequently, through multiple iterative
cycles, we re-formatted the well-known but inadequately
understood CCTHR (figure 2) in order to conspicuously
show the inclusion and exclusion criteria (figure 3). With
each iterative cycle, we sought feedback from frontline
clinicians to ensure that we had broad acceptance and
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Canadian CT Head Rule

CT head is only required for minor head injury patients
with any one of these findings:

High Risk (for Neurological Intervention)

GCS score < 15 at 2 hrs after injury
Suspected open or depressed skull fracture
Any sign of basal skull fracture*®

Vomiting > 2 episodes

Age > 65 years

mhwN

Medium Risk (for Brain Injury on CT)

6. Amnesia before impact > 30 min
7. Dangerous mechanism ** (pedestrian,
occupant ejected, fall from elevation)

*Signs of Basal Skull Fracture

- hemotympanum, ‘racoon’ eyes, CSF otorrhea/

Rule Not Applicable If:
rhinorrhea, Battle’s sign

- Non-trauma cases

-6CS <13

- Age < 16 years

- Coumadin or bleeding disorder
- Obvious open skull fracture

** Dangerous Mechanism

- pedestrian struck by vehicle
- occupant ejected from motor vehicle
- fall from elevation > 3 feet or 5 stairs

Stiell IG, et al. The Canadian CT Head Rule for Patients with Minor Head Injury. Lancet 2001;357:1391-96.

Figure 2 Canadian CT head rule poster as published by
Stiell et al® (reproduced with permission). CSF, cerebrospinal
fluid; GCS, Glasgow Coma Scale.

ongoing engagement prior to implementation in the ED.
For example, one of the suggestions we received was to
adopt a ‘flow-chart’ format for the intervention instead
of a ‘checklist’ format as seen in the original CCTHR
(figure 2). Our final version (figure 3) incorporates this
‘flow-chart’ format that was revised through several iter-
ations.

A significant challenge we encountered during the
testing and implementation phase was integrating the
checklist into existing workflows, given the busy envi-
ronment of the ED. Traditionally, the CCTHR has been
employed at the point of CT scan order entry, which occurs
after the provider—patient interaction has occurred and
therefore after the clinician (MD, NP or PA) has already
committed to ordering diagnostic imaging."” '° We felt
that providing reminders and cues earlier in the care
process would have a bigger impact on nudging clinician
behaviour since it would allow them to incorporate the
CCTHR as part of their assessment and engage patients
in the process before committing to ordering a CT scan.

We identified patient registration and nursing triage
as the ideal times to have our new Checklist incorpo-
rated in the care process, which would serve as a flag to
the treating clinicians even prior to the actual patient
encounter. Our high-low process map shows how the
CHIMES checklist was implemented into our existing ED
workflow (figure 4). Triage nurses and registration clerks

identified patients with potential head injuries based
on their presenting complaint and added the Checklist
to their chart. This was re-enforced through frequent
reminders by the project team and posters in the triage
and registration zones. Various locations were trialled for
placement of the posters and checklists to ensure optimal
visibility, based on feedback from the registration clerks
and triage nurses, prior to deciding the final location.

We also encouraged bedside nurses to complete part of
the Checklist that pertained to historical features of the
clinical history, which to our knowledge hasnotbeen done
in previous studies. Since this information was already
being routinely collected as part of their nursing assess-
ment, it did not require any change in the nursing scope
of practice. The treating clinician verified and completed
the checklist to aid in decision-making (figure 3).

PDSA cycle 3: CWC-themed patient handout (weeks 12-18)
Recognising that patients’ expectations are an important
factor in CT scan over-utilisation, we created a patient
handout that was adapted from the CWC Campaign’s
patient handout (figure 5). Our handout aimed at
educating patients on the limited utility of CT imaging
for the vast majority of head injuries, prior to their
interaction with the treating clinician. While we did not
formally engage patient representatives in the develop-
ment of this handout, the original CWC handout we used
as a template was developed in consultation with various
patient advisors, so our team felt that it would likely be
user-friendly for patients.”” The one-page handout was
added to patients’ charts by the triage nurse or registration
clerk, and it was given to patients by the bedside nurse.
This specific workflow was a key element of our interven-
tion since we hypothesised that having the bedside nurse
deliver the handout to patients (as opposed to the triage
nurse) would potentially prevent patients from leaving
without being assessed by a provider, especially during
busy days when wait times could be longer than usual.
It also allowed for a potential discussion between the
treating clinician and the patient regarding indications
for imaging in head injuries.

PDSA cycle 4: reporting of CT scan rates to providers (weeks
19-50)

Aggregate rates of CT scans done for patients with
head injuries during the project period were presented
to physicians on a monthly basis during business meet-
ings and to nurses during daily morning huddles on a
bi-monthly basis. These avenues were deliberately chosen
to ensure that feedback could be provided in a sustain-
able format, without the need for any additional time
away from clinical work. We also worked with our local
Decision Support team to produce automated weekly data
for our chosen outcomes. Rates for the preceding 2weeks
were compared with our baseline rate and presented as
actual numbers of potential CT scans avoided to provide
context and allow providers to see tangible benefits. This
feedback also served as reminders about the project’s
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CHIMES

Checklist For Head Injury Management

Evaluation Study

Does patient meet ALL of

RN/MD to 1. Blunt trauma to head

complete | 2- Presentation to ED within 24 hours of injury
> 3. GCS score 13-15 on initial ED evaluation
4. Age 16 years or greater

l YESO
Does patient have ANY of

1. Anticoagulant medication
2. Obvious open skull fracture

3. Seizure prior to presentation

[

Does patient have AT LEAST ONE

—_— 1. Loss of consciousness
2. Disorientation
3. Amnesia

YES O
Does patient have ANY of

1. Age 265

2. GCS <15 2hrs post injury

3. Vomiting 2 or more episodes

4. Amnesia before impact 230min

5. Dangerous mechanism:
Pedestrian struck by vehicle

> Occupant ejected

Fall from 3 feet or 5 stairs

| vl
“:,r::":h':‘: Does patient have ANY of

> 1. Suspected open or depressed skull fracture
2. Any Sign of basal skull fracture:
Hemotympanum
Raccoon eyes
CSF otorrhoea / rhinorrhea
> Battle sign

L

———

§ noD

© CT BRAIN NOT INDICATED

Patient label
NonQd
YES O CT HEAD RULE NOT APPLICABLE.
DO NOT USE THIS RULE.
PROVIDE USUAL CARE.
nNoO
YES O
v' CT BRAIN INDICATED
If patient does NOT meet criteria and CT
BRAIN is ordered, please provide rationale:
Completed by:
YES O RN

MD/PA/NP

Figure 3 CHIMES Checklist developed by the project team, which is based on the Canadian CT head rule in figure 2. The
final version of the checklist is shown which was the product of several PDSA cycles resulting in iterative improvements. CSF,
cerebrospinal fluid; GCS, Glasgow Coma Scale; MD, medical doctor; NP, nurse practitioner; PA, physician assistant; RN,

registered nurse.

aim and nudged providers to continue engaging in the
ongoing PDSA cycles.

RESULTS

The mean weekly CT scan rate for patients with head inju-
ries prior to the start of our project was 48.1%. We observed
a 13.9% relative decrease in our primary outcome of CT
scan rates at 3months and 7.4% at 6months. To assess
sustainability, we measured CT scan rates 6 months after
completion of all four PDSA cycles (16 months from the
start of the project) and found that an 8.0% reduction
was maintained (48.1% vs 44.3%, p<0.05). Figure 6 shows
the SPC chart for our interventions with ‘shifts’ as per
accepted SPC chart rules in mean weekly CT scan rates

seen with the first and second PDSA cycle clusters, and
prior to the start of the ‘passive’ phase of the project
when weekly feedback was no longer provided.

Mean ED LOS for patients with head injuries saw a small
reduction of 1.5 min per ED visit, which was supported by
a ‘trend’ in the SPC chart (figure 7) seen after PDSA 3
(238.9 min vs 237.4min, p=0.74). This affected all patients
with head injuries, regardless of whether a CT scan was
performed, and saved a total of 84.2hours (3.5 days) of
ED LOS during the study period. Rates of 72hours ED
return visits (figure 8) did not show a difference over the
study period (4.4% vs 4.6%, p=0.68). An astronomical
point was observed in the SPC chart during the passive
phase of the project, which was not clinically relevant on
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4 N
CT scan - Admit
\_ /
)
Patient Triage Bedside RN - MD - Discharge
Registration assessment assessment g
——
1. Patients with head injuries identified by 1. Initiation of 1. Completion
clerks and triage RNs based on chief CHIMES of CHIMES
complaint checklist checklist to
2. CHIMES Checklist/CWC Handout added by to 2. CWC themed facilitate
patient chart where applicable handout decision to
given to order CT scan
patient 2. Discussion
with patient
about CWC
handout

Figure 4 High-low process map showing integration of PDSAs 2 and 3 into existing workflows in the emergency department.
CWC, Choosing Wisely Canada; MD, medical doctor; RN, registered nurse.

case review. Rates of 72hours ED return visits resulting
in admission to hospital (figure 9) also did not show a
significant difference over the 16-month study period
(0.2% vs 0.6%, p=0.08). An astronomical point observed
atweek 52 (3 return visits) was not deemed to be clinically
significant on chart review, and no injuries were missed
on the initial visit. To assess our process measures, 75
randomly selected charts of patients diagnosed with head
injuries during the 6 months following our interventions
were audited. In total, 33.3% of patients had a Checklist

Avoid unnecessary
treatments in the

Emergency Department
A discussion with the doctor can help you
make the best decision

It can be hard to say “No” in the emergency
department. Nonetheless, many experts
believe that talking with the doctor you are
seeing during an emergency department visit
may help you be actively involved in your care,
and possibly avoid unnecessary and in some
cases potentially harmful testing, procedures
and treatments.

1. CT scans of the head for minor head
injury

Many people who hit their head feel a CT

scan is needed to see if there is serious brain
damage. Most of the time you do not need a CT
scan, here’s why:

CT scans have risks.

A CT scan uses X-rays to create a picture of
the brain. X-rays are a form of radiation, which

CT scans rarely help in minor head may increase your risk of cancer. Children,

injury.

A doctor can ask you certain questions and
do a physical exam to decide if you need a
CT scan of your head. If the way you hurt your
head was not severe and if you have a normal
examination, a CT scan is usually not needed
because it will not show any serious problem.
So you can avoid an unnecessary test and
reduce your exposure to damaging radiation.

Figure 5 Choosing Wisely Canada-themed patient handout
that was developed and implemented based as part of PDSA

3.

especially infants, have greater risks because
their brains are still developing.

When you may need a CT scan for a
minor head injury.

There are specific clinical findings and types of
injuries that may require a CT head scan. Your
doctor is trained to look for dangerous signs or
symptoms that make a CT head necessary.

added to their chart, of which 84.0% were completed by
ED providers.

LESSONS AND LIMITATIONS

The overall goal of our project was to reduce the number
of CT scans performed for patients with minor head inju-
ries. We aimed to create interprofessional interventions
that would mirror our EDs’ natural workflow. Previous
work by Stiell and colleagues has demonstrated that
nurse-initiated use of decision rules for patients with
cervical spine injuries is effective and reliable.” Hence,
we engaged nurses to complete part of the CCTHR by
completing sections that aligned with their existing

Rate of CT Head

Passive Phase

Percent of Head Injury Patients

D oD D o I T T TR T T s VIR O SR SO R PR R Y > Qo O A
NP R D PRSI DOCRII DR F PR PP ISP ELN
R Gt g Gt gy

‘Weeks from start of CHIMES

Figure 6 Statistical process control p-chart showing
changes in CT rates during and after the study period.
PDSA cycles indicated by 1=education and dissemination
of Choosing Wisely Canada (CWC) Campaign
recommendations; 2=introduction of the new CHIMES
Checklist; 3=distribution of the CWC patient handout; 4=bi-
monthly feedback on CT-scan rates to providers. A ‘shift’ is
seen with PDSA cycles 1 and 2, and prior to the start of the
‘passive’ phase.
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ED Length of Stay (LOS)

65 POSAL PosAL Passive Phase

5.58953

7
T E T T T

Weeks from start of CHIMES

Figure 7 Statistical process control XmR-chart showing
changes in emergency department length of stay during

and after the study period. PDSA cycles indicated by
1=education and dissemination of Choosing Wisely Canada
(CWC) Campaign recommendations; 2=introduction of the
new CHIMES Checklist; 3=distribution of the CWC patient
handout; 4=bi-monthly feedback on CT-scan rates to
providers. A ‘trend’ towards decreased length of stay is seen
with PDSA cycle 3.

assessments of patients. Given that this is the first nurse-
initiated CCTHR implementation we are aware of, we
worked closely with our Nurse Educators to ensure that
it was within the existing scope of practice for nurses.
Involving nurses in the data-gathering process was
an important aspect of our intervention that was well
received by both nurses and physicians, and it improved
their engagement in our initiative. Findings documented
by the nurses were verified by the treating clinician, and
all decisions pertaining to use of imaging were made by
the treating clinician.

An important consideration for our team was to engage
staff at various stages of the care continuum, with the
aim to create redundancy in workflow processes and
improve uptake of our interventions. However, engaging
non-clinical staff in interventions that may result in an

72-Hour Return Visit Rate

PDSA2 Passive Phase

PDSA 1 PDSA3
PDSA4
1% 01541

5|

Percent of Head Injury Patients
g

?;"w“’w‘»“’»"?'“””\»"Q“‘ﬂw“’ '?w‘b&”ub?of PR
@“zzzwa#w“¢“¢zzzze“¢§#¥$
I
Weeks from start of CHIMES

Figure 8 Statistical process control p-chart showing rates
of return visits to the emergency department for patients
discharged with a diagnosis of head injury. PDSA cycles
indicated by 1=education and dissemination of Choosing
Wisely Canada (CWC) Campaign recommendations;
2=introduction of the new CHIMES Checklist; 3=distribution
of the CWC patient handout; 4=bi-monthly feedback on CT-
scan rates to providers. An ‘astronomical point’ is seen at
week 58.

72-Hour Return Visit with Admission

PDSAL

posa2 POSA3 PDSAS Passive Phase

Number of Return Visits with Admission

cL 5
0 g, .
B FP BT IS

& &
TS & R

Weeks from start of CHIMES

Figure 9 Statistical process control p-chart showing rates
of return visits to the emergency department for patients
discharged with a diagnosis of head injury that resulted

in an admission to hospital. PDSA cycles indicated by
1=education and dissemination of Choosing Wisely Canada
(CWC) Campaign recommendations; 2=introduction of the
new CHIMES Checklist; 3=distribution of the CWC patient
handout; 4=bi-monthly feedback on CT-scan rates to
providers.

increase in their workload (ie, putting a checklist on
relevant patients’ charts) was challenging due to their
limited involvement in the downstream clinical course
and lack of immediate relevance to their roles. The
issue of decreased engagement and sustainability as a
result of increased workload has been demonstrated
before in our ED before.** This was reflected in the low
percentage of checklists added to charts, which likely
impacted our overall outcome. Indeed, if checklists were
added to patients’ charts, they were completed 84% of
the time, suggesting that the initial process of adding
the checklist was an important factor that determined its
use. This underscored the importance of using different
approaches and incentives to engage non-clinical staff.
In reviewing our interventions post hoc, we identified
that our interventions were biased towards clinical staff
involved in direct patient care, and likely contributed to
the variable engagement that we observed.

From a data standpoint, while the focus of our inter-
ventions was on patients with minimal or minor head
injuries, our EHR-based outcome of head injury was
an all-encompassing outcome that did not distinguish
between minimal, minor, moderate or severe head inju-
ries. While minimal and minor head injuries are relatively
benign and do not generally require inpatient neurosur-
gical care, moderate to severe injuries typically do. This
was an inherent resource limitation of using a more prag-
matic electronic dataset over individual chart reviews.
Due to the lack of complete patient-level information, for
the 10.5% of patients who were admitted, we were unable
to determine whether these patients were admitted for
neurosurgical intervention or for other reasons. To
compensate for the lack of granular information available
from our EHRs, we did a manual paper-chart review of
200 random patients to ensure validity of our EHR-based
outcome measure by comparing it with data from patient
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charts. From our chart review, it was apparent that 98% of
patients with an EHR discharge diagnosis of head injury
seen in our EDs met the definition of minimal or minor
head injury at presentation, and hence we felt that our
use of EHR-coded diagnosis of head injury was a reason-
able surrogate to use despite its limitations. Using more
readily available EHR data was essential to the success of
our project, both in terms of implementing our interven-
tions through rapid cycle PDSAs and in disseminating
our success early to keep existing stakeholders engaged.
Another limitation of working in a low-fidelity setting
where most workflows are paper based was the logistical
and financial feasibility of rapid-cycle PDSAs. While we
were able to use smaller iterative cycles in the develop-
ment of the checklist (PDSA 3), once implemented,
further PDSAs were restricted due to resource limita-
tions of having to wait until existing paper checklists were
used before being able to replace them with an improved
checklist. We anticipate that these challenges would be
easily overcome in an EHR-optimised environment where
rapid changes to workflows may be more easily feasible.

We saw the biggest reduction in CT scan rates in the
initial 3months postimplementation. This correlated
with the first three PDSA cycles of our project, where
engagement levels were highest as providers and stake-
holders were receiving education around the initiative
and a new checklist was being introduced. While there
was a decline in effect seen at 6 months, this effect was
sustained well beyond the active phase of the project.
This decline in effect correlated with a shift in emphasis
of the project from education towards feedback, which
may have been less engaging compared with the initial
PDSAs since it involved less direct interaction with the
project leads. Prior to the start of the passive phase of
the project, as providers were re-engaged and reminded
about the end of weekly feedback, we saw an increased
effect as seen in the SPC chart with a ‘shift’ (figure 6).
This finding underscores the importance of continued
engagement in QI projects, that mechanisms to keep staff
continuously engaged can be challenging, and that educa-
tion and feedback can be powerful tools for change above
and beyond modifications in the system alone. Sustain-
ability in QI initiatives is often challenging and many well-
designed projects are not sustained beyond the initial
phases® A sustained effect seen well beyond the active
phase suggests the establishment of a new ‘norm’ in our
EDs, which has been described as an important element
of sustainability in QI projects.”® Mechanisms that allow
staff to be continually engaged through either automated
feedback processes or by using local champions may allow
for even larger effects in the long term.

CONCLUSION

Head injuries are common presentations seen EDs and
over-utilisation of CT scans is an issue in many EDs. We
used QI approaches and rapid-cycle methodology to
change clinician behaviour and reduce CT ordering

for head injuries. Through a combination of patient-
oriented (ie, patient handout) and provider-oriented (ie,
education and dissemination of CWC recommendations,
CHIMES Checklist implementation, provider feedback)
interventions, we were able to show a reduction in CT scan
rates over a 16-month period. Our study highlights the
importance of using QI methodology in effecting change
at a local level and improving the adoption of guideline
recommendations. The success of our ED-based project
has resulted in institution-wide adoption of our method-
ology, and a similar initiative is now being developed to
address CT scan over-utilisation for in-patient falls that
resultin head injuries. We believe that our project’s meth-
odology and interventions are very amenable to being
replicated in similar settings and the lessons learnt would
be transferable to other projects that focus on resource
utilisation.
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