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Abstract

Background Neurovascular imaging for patients with high-risk transient ischemic attack (TIA) or minor stroke in the
emergency department (ED) with computed tomography angiography (CTA) of the head and neck is the guideline-recom-
mended standard of care, but it is underutilized in routine practice. We conducted a quality initiative to improve adherence
to guidelines.

Methods Between January 2017 and March 2019, we implemented a decision support tool integrated into the electronic
ordering system to guide ED physicians to order a CTA on patients with high-risk TIA or minor stroke defined as ongoing
neurological deficits in the ED or resolved motor or speech deficits in the preceding 48 h. Data were collected retrospec-
tively pre-intervention and prospectively post-intervention. We used an interrupted time-series analysis for the before—after
comparison of the use of CTA among patients who met criteria (main process measure) and those who did not meet criteria
(balancing measure).

Results Among 861 patients with TTA or minor stroke, the proportion of patients with high-risk events imaged with a CTA in
the ED increased from 12.0% pre-intervention to 77.0% post-intervention and this shift was sustained over 11 months. CTA
use in those without high-risk events increased to a lesser extent (15.3% versus 42.9%). The interrupted time-series analysis
showed a step change immediately post-intervention where the increase in CTA use in patients with high-risk events was
51.7% higher than its use in those without high-risk events (p <0.001). Compared to pre-intervention, the median ED length
of stay increased by 2 h and neurology consultation in the ED was more frequent (5.8% versus 19.5%) post-intervention.
Conclusion We provide a detailed framework that improved adherence to acute imaging guidelines for patients with TIA or
minor stroke and anticipate that our approach could improve acute imaging for such patients in most EDs.
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Résumé

Contexte L'imagerie neurovasculaire pour les patients présentant un risque élevé d'accident ischémique transitoire (AIT)
ou d'accident vasculaire cérébral mineur aux services d'urgence, avec une angiographie par tomodensitométrie (CTA) de la
téte et du cou, est la norme de soins recommandée par les directives, mais elle est sous-utilisée dans la pratique courante.
Nous avons mené une initiative de qualité pour améliorer le respect des lignes directrices.
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Méthodes Entre janvier 2017 et mars 2019, nous avons mis en place un outil d'aide a la décision intégré au systéme de com-
mande électronique pour guider les médecins du service d'urgence a prescrire un CTA sur des patients atteints d'un AIT a
haut risque ou d'un AVC mineur défini comme des déficits neurologiques en cours au service des urgences ou une résolution
de la motricité ou des troubles de la parole dans les 48 heures précédentes. Les données ont été recueillies rétrospective-
ment avant l'intervention et prospectivement apres l'intervention. Nous avons utilisé une analyse de séries chronologiques
interrompues pour la comparaison avant-apres de I'utilisation du CTA chez les patients qui répondaient aux critéres (mesure
principale du processus) et ceux qui ne répondaient pas aux critéres (mesure d'équilibrage).

Résultats Parmi les 861 patients atteints d'un AIT ou d'un AVC mineur, la proportion de patients présentant des événements
a haut risque imagés avec un CTA au service d'urgence est passé de 12,0 % avant l'intervention a 77,0 % apres l'intervention
et ce changement s'est maintenu pendant 11 mois. L'utilisation de CTA chez les personnes sans événements a haut risque a
augmenté dans une moindre mesure (15,3 % contre 42,9 %). L'analyse des séries chronologiques interrompues a montré un
changement d'étape immédiatement apres 1'intervention ou 1'augmentation de 1'utilisation du CTA chez les patients présent-
ant des événements a haut risque était 51,7 % plus élevée que son utilisation chez ceux sans événements a haut risque (p <
0,001). Par rapport a la pré-intervention, la durée médiane du séjour au SU a augmenté de deux heures et les consultations
de neurologie au SU étaient plus fréquentes (5,8 % contre 19,5 %) apres l'intervention.

Conclusion Nous fournissons un cadre détaillé qui a amélioré le respect des lignes directrices en matiére d'imagerie aigué
pour les patients souffrant d'AIT ou d'AVC mineur et nous prévoyons que notre approche pourrait améliorer 1'imagerie aigué
pour ces patients dans la plupart des urgences.

event as any ongoing neurological symptoms in the emergency

N
Clinician’s capsule department (ED) or resolved symptoms that included motor or

What is known about the topic?

Adherence to neurovascular imaging guidelines for
patients with high-risk TIA or minor stroke is low in
the ED.

What did this study ask?

Could a multidisciplinary quality improvement initia-
tive improve adherence to imaging guidelines for high-
risk TIA or minor stroke in the ED?

What did this study find?

The use of CTA in patients with high-risk TIA or minor
stroke increased from 12.0% pre-intervention to 77.0%
post-intervention.

Why does this study matter to clinicians?

Our detailed quality improvement framework should
improve the use of appropriate neurovascular imaging
in most EDs.

Introduction

Most patients with ischemic stroke initially present with mild
or transient symptoms [1], but transient ischemic attacks
(TTIA) and minor strokes do not have benign outcomes [2, 3].
Urgent vascular imaging for patients with high-risk TIA or
minor stroke is recommended, because the presence of vas-
cular abnormality is associated with higher risk of disability
and stroke recurrence [3, 4] and guides secondary stroke pre-
vention treatment [5, 6]. The Canadian Stroke Best Practice
Guidelines define a high-risk minor ischemic cerebrovascular

speech deficits in the preceding 48 h [7].

However, vascular imaging is underutilized in routine clini-
cal practice [8, 9]. Recent data from the US showed that only
43% of patients with TTA had vascular imaging with carotid
Dopplers or computed tomography angiography (CTA) in the
ED [10]. Furthermore, CTA is preferred over carotid Dopplers,
because CTA allows for the additional assessment of the intrac-
ranial and posterior circulation vessels [7, 11, 12]. Urgent CTA
in all patients with suspected minor ischemic cerebrovascu-
lar events can negatively impact workflow in the emergency
and radiology departments, but a delay in obtaining this test in
patients with high-risk events may lead to missed opportunities
for stroke treatment and prevention [5].

At our institution, most patients with suspected TIA or minor
stroke had a non-contrast CT head in the ED, followed by outpa-
tient carotid Dopplers. The use of CTA was estimated to be 5%
based on clinical practice patterns. We used a multidisciplinary
quality improvement initiative involving the neurology, radiol-
ogy, and emergency departments to increase the use of CTA
in patients with suspected high-risk TIA or minor stroke in the
ED to a target of 80% within 11 months. This target was chosen
because we recognize that some patients may have contraindica-
tions to CTA or decline this test, and investigations may need to
be individualized to specific clinical scenarios.”

Methods
Population and setting

We conducted a quality improvement study at a university-
affiliated comprehensive stroke center with approximately
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800 acute stroke admissions and 60,000 ED visits annually.
At baseline, the standard practice for patients with suspected
TIA or minor stroke was for ED physicians to order a non-
contrast CT head in the ED, arrange outpatient carotid Dop-
plers within 24—72 h, and send a referral to the stroke preven-
tion clinic. Following in-person meetings with the heads of
the neurology, radiology, and emergency departments or their
delegates (physicians involved with the department’s opera-
tions), we identified knowledge gaps on the relative value
of CTA as compared to Doppler ultrasound, lack of clarity
on which events are high-risk, worries about overwhelming
radiology resources from indiscriminate ordering of CTA,
and perceived challenges in having CTAs approved and pro-
tocolled rapidly, a common issue encountered in the general
ED care [13]. We focused on our intervention on these issues.

Intervention

First, the neurology, radiology, and emergency departments
collaboratively established that patients with suspected high-
risk TIA or minor stroke and no contraindication to intra-
venous contrast, at the discretion of the ordering physician,
would meet evidence-based criteria for having a CTA in the
ED. Second, to facilitate knowledge translation and standard-
ize care, we designed and implemented an electronic deci-
sion support tool to guide ED physicians at the time of test
ordering as to which patients would benefit from CTA in the
ED by prompting the physician to answer two questions: (1)
‘Does this patient have any persistent neurological deficits
in the ED?” and (2) ‘If deficits have resolved, did the patient
have motor and/or speech symptoms within the last 48 h?’
The decision support tool proposed changing the order from
non-contrast CT to CTA of the head and neck with a positive
answer to either questions in the absence of contraindications
to CTA. This suggestion could be manually overridden by the
physician. We performed user acceptance testing, by asking
front-line ED physicians to read a clinical scenario, com-
plete the questions with pen and paper, and answer whether
a CTA was recommended. Third, we provided education for
staff physicians in the emergency, neurology, and radiology
departments through formal presentations at department
rounds, internal communication by the head of each depart-
ment, and this information was added to the ED physician
orientation manual for reference. Fourth, to streamline work-
flow for the ED physician at the time of imaging ordering, a
memorandum of understanding was sent to members of all
three departments and posted in the ED.

Timeline
In the pre-intervention period (January Ist 2017 to Octo-

ber 31st 2017), we identified patients using the stroke
prevention clinic’s database and data were collected
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retrospectively. The wash-out period during which the
quality improvement initiatives were being planned was
between November 2017 and April 2018. The electronic
decision support tool was officially launched on May 3rd
2018. For each week during the post-intervention period
(May 3rd 2018 to March 31st 2019), data were collected
prospectively using active daily review of use of CTA in
all patients with suspected TIA or minor stroke admit-
ted to hospital or referred to the Stroke Prevention Clinic.
Research assistants screened all referrals and admissions.
We excluded patients with intracerebral hemorrhage, and
those who were evaluated by the stroke team under the
acute “code stroke” protocol, even if the symptoms of
stroke were mild or resolving, because the local practice
is to image all patients seen as “code stroke” with CT,
CTA, and CT perfusion.

Intervention reinforcement

We used a run chart to monitor the proportion of patients
with suspected high-risk TIA or minor stroke who had a
CTA in the ED and those who had a CTA without meeting
the criteria, the main process and balancing measures [14,
15]. In the first 15 weeks post-intervention, we reinforced
the intervention through daily active surveillance and con-
tacting the physicians involved in protocol deviations via
email to ensure they were aware of the protocol, knew
where to find its details, and discuss any case-specific
ambiguities.

Secondary measures

Secondary balancing measures included the proportion
of clinically relevant findings on CTA, the ED length of
stay, and the proportion of patients who had a neurology
consultation in the ED. Clinically relevant CTA findings
were defined as the presence of symptomatic intracranial
vessel disease (occlusion or>50% stenosis), symptomatic
extracranial vessel disease (occlusion or > 50% stenosis or
stenosis < 50% with ulcerated plaque or thrombus), or other
findings relevant to the symptoms (e.g., dissection, multi-
focal vessel irregularity, moyamoya). CTA findings were
abstracted by trained abstractors and verified by a stroke
neurologist (AYXY). We also evaluated clinical outcomes
by linking our data to the provincial Discharge Abstract
Database and the Ontario Registered Persons Database
housed at ICES (previously called the Institute for Clini-
cal Evaluative Sciences) to determine all-cause hospital re-
admissions, and re-admission for stroke at 90 days, identified
using validated International Classification of Diseases 10th
Canadian Iteration codes H34.1, 163.x, 164.x, 161.x [16]. The
datasets were linked using unique encoded identifiers and
analyzed at ICES.
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Table 1 1.3a:seline patient Pre-intervention Post-intervention p value
characteristics
(N=344) (N=502)
Median age (IQR) in years 69 (58, 80) 68 (57, 80) 0.83
Female n (%) 210 (61.0%) 274 (54.6%) 0.06
High-risk event® n (%) 233 (67.7%) 339 (67.5%) 0.95
Ongoing symptoms n (%) 142 (41.3%) 189 (37.6%) 0.29
Resolved symptoms with motor or speech 91 (26.5%) 150 (29.9%) 0.28
involvement in last 48 h n (%)
Comorbidities n (%)
Transient ischemic attack 30 (8.7%) 41 (8.2%) 0.78
Stroke 40 (11.6%) 62 (12.4%) 0.75
Hypertension 185 (53.8%) 270 (53.8%) 0.99
Congestive heart failure 7 (2.0%) 28 (5.6%) 0.01
Coronary artery disease 40 (11.6%) 73 (14.5%) 0.22
Diabetes 55 (16.0%) 103 (20.5%) 0.1
Dyslipidemia 172 (50.0%) 219 (43.6%) 0.07
Atrial fibrillation 37 (10.8%) 47 (9.4%) 0.51
Smoking 32 (9.3%) 33 (6.6%) 0.14

IQR interquartile range

“Defined as ongoing neurological symptoms in the emergency department OR resolved symptoms that
included motor or speech deficits in the last 48 h

Research ethics

This study was approved by the Sunnybrook Health Sciences
Centre Research Ethics Board with a waiver of individual
patient consent.

Statistical methods

Patient characteristics pre- and post-intervention were com-
pared using ¢ tests (continuous variables) and Chi-square
tests (categorical variables). We used an interrupted time-
series analysis with multiple group comparisons to deter-
mine whether there was a change in the rates of CTA use
patients who met high-risk criteria versus those who did not,
pre- and post-intervention, beyond what would be expected
from the pre-intervention temporal trends [17]. For this
analysis, time periods were categorized into 4-week inter-
vals to create more stable estimates when calculating the
rates of CTA. We compared the difference in CTA utilization
between patients with and without high-risk events by test-
ing the difference in the change in slope between these two
patient groups during the pre-intervention phase (f5) and
post-intervention phase (f3,), as well as testing the difference
in step change between these two patient groups immedi-
ately post-intervention (f¢). We plotted residuals over time
and used the Durban—Watson statistic to test for autocorrela-
tion. Statistical significance was defined as p <0.05. Analy-
ses were performed using SAS 9.4 (SAS Institute Inc., Cary,

NC, USA) and figures were generated using Excel (Micro-
soft Office 2016).

Results

We identified 861 patients with TIA or minor stroke dur-
ing the study period. We successfully linked 846 patients
(n =344 pre-intervention, n =502 post-intervention) to
administrative data. The patients who could not be linked
(1.7%, n=15) were included in the run chart and time-series
analyses, but they were not included in other analyses.

Patient characteristics were similar pre- and post-inter-
vention (Table 1). Overall, ED CTA use increased from 13.1
to 65.9%, equivalent to about six CTAs per week (Table 2).
The proportion of patients with high-risk events undergo-
ing a CTA in the ED increased from 12.0% (28/233) pre-
intervention to 77.0% (261/229) post-intervention. The
proportion of patients who did not have high-risk events
undergoing a CTA in the ED increased from 15.3% (17/111)
pre-intervention to 42.9% (70/163) post-intervention.

We showed in Fig. 1 the run chart of frequency of CTA
use in the ED, stratified by whether the event was clini-
cally high risk or not. For patients with high-risk TIA/minor
stroke, there was an upward shift in CTA use post- com-
pared to pre-intervention. No trends were observed pre-
intervention. Early post-intervention, there was an upward
trend between weeks 3 and 11, after which only four data
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Table 2 Care and outcomes pre- and post-intervention

Pre-intervention (N =344) Post-intervention p value
(N=502)

Non-contrast CT in ED n (%) 329 (95.6%) 494 (98.4%) 0.02
CTA in ED n (%) 45 (13.1%) 331 (65.9%) <0.0001
Carotid Doppler ordered by ED n (%) 321 (93.3%) 178 (35.5%) <0.0001
CTA ordered from clinic n (%) 79 (23.0%) 30 (6.0%) <0.0001
Both carotid Doppler and CTA n (%) 79 (23.0%) 29 (5.8%) <0.0001
Median days (IQR) to first intracranial vascular imaging 11 days (0, 22) 0 day (0, 0) <0.0001
ED neurology consult, n (%) 20 (5.8%) 98 (19.5%) <.0001
Discharge from ED with dual antiplatelet treatment 11 (3.2%) 40 (8.0%) 0.004
All-cause re-admission 31 (9.0%) 54 (10.8%) 0.41
Stroke re-admission 6 (1.7%) 12 (2.4%) 0.52

ED emergency department, CT computed tomography, CTA computed tomography angiography, /QOR interquartile range

et High Risk*

*High risk was defined as ongoing symptoms in ED or speech or motor symptomsin the last 48 hours prior to ED arrival

Fig. 1 Run chart of the use of computed tomography angiography
for patients with TIA or minor stroke in the emergency department.
Red line indicates the median CTA use over the entire study period

points were below our target and there was no downward
trend. There were three runs: the first run ended when the
intervention was implemented, and the second run ended at
week 43 (at outlier data point). On the other hand, in those
without a high-risk event, there were no shifts above the
median and no trends. Thus, the uptake of the intervention
to increase CTA use for high-risk event occurred early and
remained high and the intervention affected those without
high-risk event to a lesser extent. There were two outlier
data points (week 43 for patients with high-risk event and
week 29 for those without high-risk event). We are not
aware of any events during these weeks to affect the inter-
vention and, particularly for the outlier data point at week
29, we were reassured that there were no subsequent trends
or shift.

The interrupted time-series analysis showed no differ-
ence in the slope of CTA use in patients with or with-
out high-risk events pre- (f5=— 2.30, p=0.11) and

€\ Springer g{:@ CAEP | ACMU

Not High Risk

(pre- and post-intervention). Dotted purple line indicates our target.
We aimed for 80% of patients with high-risk event undergoing CTA
in the emergency department

post-intervention (f;=2.29, p=0.22). These estimates can
be interpreted as there was only a 2.3% difference in the
slope change of CTA use when comparing patients with
high-risk events to those without. However, there was a
large immediate post-intervention step change where the
increase in CTA use in patients with high-risk events was
51.7% higher than in those without high-risk events and
this was statistically significant (Bg=51.67, p <0.001).
Thus, the increase in CTA use occurred immediately
post-intervention and was largely in people with high-risk
events.

We identified a clinically relevant abnormality in 20.0%
(9/45) of all CTA done in the pre-intervention period com-
pared to 16.3% (54/331) in the post-intervention period.
Post-intervention, a higher proportion of patients had an
urgent neurology consultation or were discharged from the
ED with dual antiplatelet therapy compared to pre-interven-
tion (Table 2).
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Table 3 Mc?dian ED length of Pre-intervention Post-intervention P value
stay (IQR) in hours pre- and
post-intervention Overall cohort 6.3(5.0,8.2) 8.1 (6.6, 10.3) <.0001
n=2344 n=502
Patients without ED CTA 6.2 (5.0, 8.0) 7.3(5.7,8.8) <.0001
n=299 n=171
Patients with ED CTA 8.6 (6.1, 10.6) 8.7 (6.9, 10.7) 0.30
n= 45 n= 33 ]
Patients with ED CTA and high-risk event 94 (6.2,11.4) 8.7 (7.1, 10.8) 0.83
n=28 n=261
Patients with ED CTA without high-risk event 7.7 (5.9, 8.8) 9.0 (6.6, 10.5) 0.07

ED emergency department, CT computed tomography, CTA computed tomography angiography, /QOR:

interquartile range

A notable benefit of our intervention was a reduction
in duplicate vascular imaging (Table 2). In the pre-inter-
vention period, 23.0% of patients underwent both carotid
Dopplers, ordered from the ED, and a subsequent CTA,
ordered by the neurologist from the stroke prevention
clinic for the same clinical event. Post-intervention, only
5.8% of the patients had both tests. Further, the median
time to first intracranial vascular imaging reduced from
11 days [22] pre-intervention to O day (0, 0) post-inter-
vention. All-cause hospital re-admission and re-admission
for stroke within 90 days were overall infrequent and were
similar pre- and post-intervention (Table 2).

We found that the median ED length of stay increased
post- compared to pre-intervention and that patients with
CTA in the ED had longer stay than those who did not in
the overall cohort, regardless of the event risk (Table 3).
Compared to pre-intervention, the length of stay post-
intervention was stable in patients with a CTA, but
increased by an hour in patients who did not have a CTA.

Discussion
Summary

We successfully implemented a multidisciplinary and mul-
tifaceted quality improvement initiative and increased the
use of CTA in the target population, improved rapid access
to CTA, and reduced waste associated with duplicate vas-
cular imaging. The interrupted time-series analysis showed
a statistically significant increase in CTA use immediately
post-intervention that is not explained by baseline temporal
trends and mainly seen in patient with high-risk events. The
number of re-admissions was overall low, consistent with
other reports, and we were underpowered to detect differ-
ences in these clinical outcomes [18, 19].

Strengths and lessons

The strengths of this project include its multidisciplinary
approach involving three departments and the implementa-
tion of a decision tool integrated into the electronic health
system to guide physicians at the time of test ordering. These
steps enabled our group to focus ED and radiology resources
on patients with high-risk TIA or minor stroke. Although
the ED length of stay was overall longer among patients
imaged with CTA compared to those who were not, ED stay
increased post- compared to pre-intervention in patients who
did not have CTA while it remained stable among those
who had a CTA, suggesting there are factors external to our
interventions that are prolonging stay, such as increasing ED
volumes and crowding metrics [20]. We found that 16.3%
of the CTAs done during the post-intervention period had a
clinically significant abnormality and more neurology con-
sultations were completed in the ED. More work on using
different clinical triaging tools to select high-risk patients
who may benefit from CTA [21], or neurology consultation
in the ED, and further effort to improve patient flow in the
ED for patients with TIA or minor stroke are needed.

Limitations

Our study has several limitations worth discussing. First,
we were not able to directly measure the uptake of the elec-
tronic decision tool by ED physicians. However, the daily
active surveillance allowed us to track the success of the
overall quality improvement project. The effectiveness of
including a risk-stratification tool at the time of physician
order entry has been previously shown in the context of pre-
scriptions for venous thromboembolism prophylaxis [22].
We are not aware of any external factors that could have
contributed to the improved access to CTA during the study
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period, but cannot exclude any residual confounding. Sec-
ond, although our intervention was designed to increase the
use of CTA in patients with high-risk event, an increase in
CTA use was nevertheless seen in those without high-risk
event. We nevertheless acknowledge that a CTA may be
necessary for some patients who did not meet the criteria
in our intervention. For example, it may be appropriate in
patients with symptoms suggestive of posterior circulation
TIA even in the absence of motor or speech symptoms. We
could not capture this level of clinical judgment through
chart reviews. Third, patients discharged from the ED who
were not referred to our institution’s stroke prevention clinic
or who were admitted without consulting the neurology team
could not be captured, but this is not the usual practice at
our institution. Most patients with suspected TIA or minor
stroke would have been identified with our active surveil-
lance method. Fourth, although our study was not designed
to study the safety of CTA, we did not identify any adverse
events during the study period. The safety of CTA in stroke
care has been reported elsewhere [23, 24]. Finally, given this
is a single-centre study, future work is needed to assess the
generalizability of our approach in other settings.

Implications for research or practice

Although many studies have identified variability in the
provision of acute vascular imaging in the ED [8, 10, 18],
most quality improvement initiatives to date have aimed to
develop referral pathways to support primary care physi-
cians [19] or to improve access or quality of outpatient sec-
ondary stroke prevention care [25-27]. Few have sought to
optimize care in the ED. Yet, urgent vascular imaging is
necessary to identify patients who may benefit from carotid
revascularization [28], dual antiplatelet therapy [29], and
even potentially acute revascularization procedures [6, 30,
31]. A large population-based Canadian study found that
patients with TIA or minor stroke in EDs with higher use
of CTA had lower hospital re-admissions in the following
90 days than those who were treated in EDs with lower use
of CTA [18]. It is therefore relevant to optimize adherence to
guideline recommendations for acute vascular imaging. Our
project provides a framework that can be easily adaptable
to other centers and used to either optimize the use of CTA
imaging for patients with TIA or minor stroke or to reduce
unnecessary CTA.

Conclusion
A multidisciplinary quality improvement intervention

involving an electronic decision tool improved adherence
to acute imaging guidelines in the evaluation of people with
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TIA or minor stroke. We provide a detailed work plan that
can be applied and adapted to improve imaging in most EDs.
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