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Background
 Ischaemic stroke is the occlusion of arterial blood supply to brain tissue, resulting in 
persisting neurological deficits such as muscle weakness and motor and speech 
impairment. [1]

 The estimated economic cost of stroke in 2020 was $6.2 billion: [2]

Images: Stroke Foundation. (2020). The economic impact of stroke in Australia 2020. Deloitte Access Economics. https://strokefoundation.org.au/media/nydptqxi/economic-impact-of-
stroke-report-30-october-final-report.pdf

Presenter Notes
Presentation Notes
Ischaemic stroke occurs when the brain's blood supply is disrupted, resulting in persistent neurological deficits. And as you can see, accounts for a significant burden of disease in Australia each year, as well as a huge economic cost.



Background
 Early diagnosis and intervention of stroke improves short- and long-term 
outcomes: [1]
 Australians living in regional areas have poorer access to diagnostic and treatment 

options [2]

 Reperfusion treatments must be initiated within a narrow timeframe: [3,4]
 Thrombolysis within 4.5 hours of symptom onset

 Non-contrast CT imaging is required to exclude haemorrhagic stroke:
 The Stroke Foundation recommends this to be completed within 60 minutes of 

presentation [3]

Presenter Notes
Presentation Notes
Early diagnosis and intervention for stroke is crucial to improving outcomes. Yet, Australians living in regional areas have poorer access to diagnostic and treatment options. Reperfusion treatment is only possible for stroke patients within a narrow timeframe after symptom onset. Within 4.5 hours for thrombolysis, and 24 hours for thrombectomy.Both require non-contrast CT to exclude haemorrhagic stroke before initiation and the National Stroke Guidelines recommend this initial scan should be done within 60 minutes of presentation.Achieving this 1 hr guideline presents a challenge for rural hospitals with varying access to CT.



Purpose
 Compare time from ED presentation to CT imaging for patients with acute 
stroke in hospitals with CT on-site (Kingaroy and Warwick) and those with no 
CT on-site (Dalby and Stanthorpe)
 Investigate the impact of time of presentation (i.e., business hours or after hours) 

on time to CT imaging and treatment offered
 Identify missed opportunities for thrombolysis

Presenter Notes
Presentation Notes
So the purpose of our audit was to compare the time between ED presentation and CT imaging for stroke patients across sites with CT - Kingaroy and Warwick - and those without – Dalby and Stanthorpe – and identify any missed opportunities for treatment due to CT inaccessibility.



Methods
 A search of Emergency Department Information System (EDIS) presentations 
for primary diagnoses of ‘Cerebral Infarct’ and ‘Transient Ischaemic Attack’ 
between 01/07/2021 and 30/06/2022 was conducted

 30 patients from each site were randomly selected

 Clinical notes and CT images were accessed through The Viewer and 
Queensland Health Picture Archiving and Communications System (PACS)

Presenter Notes
Presentation Notes
To do so, we found all patients who received a primary diagnosis of “cerebral infarct” or “TIA” on EDIS during the 12 month period from July 21 to June 22 . And took a computer generated random sample of 30 from each site. Data was gathered from patients' CT scans, reports and clinical notes - accessed through PACS and The Viewer.



Patient Demographics
Number of 
patients

Age Sex
F M

Stanthorpe 30 72.1 13 17

Dalby 30 65.6 14 16

Kingaroy 30 66.5 11 19

Warwick 30 69.9 13 17

120 
(total)

68.5 
(average)

51 
(total)

69
(total)

Presenter Notes
Presentation Notes
We audited a total of 120 patients who presented to the emergency departments with signs and symptoms of acute stroke. This table of patient demographics shows the mean age of patients was 68.5 years, with 51 of them being female and 69 of them being male. 



CT Imaging Performed
Non-
contrast 
CT only

Non-contrast + 
CT angiography

Non-contrast + 
CT angiography 
+ CT perfusion

Stanthorpe (No CT) 18 9 0

Dalby (No CT) 19 8 2
Kingaroy (CT) 9 15 6
Warwick (CT) 0 30 0

Presenter Notes
Presentation Notes
This is an overview of the imaging that patients received at each site. It shows that patients presenting to hospitals with no CT on-site (Stanthorpe and Dalby) were much less likely to undergo CT angiography or perfusion, as highlighted in green. Most patients at these hospitals received a non-contrast CT head only. Highlighted in yellow, however, you can see hospitals with CT (Kingaroy and Warwick) gave contrast imaging to almost all patients.



Fisher Exact Test: Adherence to Guidelines
All hours: P < 0.05 Business hours: P < 0.05 After hours: P < 0.05

At hospitals with no CT:
0% of patients received CT imaging within one hour (after hours)
13% of patients received CT imaging within one hour (business hours)

 At hospitals with CT:
58% of patients received CT imaging within one hour (after hours)
67% of patients received CT imaging within one hour (business hours)

Presenter Notes
Presentation Notes
We wanted to see if there was a difference in each of the hospitals’ capacity to adhere to the Stroke Foundation’s recommendation that any suspected stroke patient should receive CT imaging within 1 hour. To do this, we ran a Fisher exact test.As reflected in the p-values, we found that there was a significant difference between patients receiving imaging at hospitals with CT compared to hospitals with no CT within the 1-hour timeframe at all times of the day, including when classified into business hours and after hours.�As you can see, 0% of patients after hours at hospitals with no CT received imaging within 1 hour, and only 13% received CT imaging within 1 hour during business hours. This can be compared with hospitals with CT, where a much larger percentage of patients received CT imaging within the recommended time frame regardless of the time of day.



Primary Outcome: Time to CT (All Hours)

P-value < 0.05

Cohen’s D = 0.77

Median 
(hours)

Q1, Q3 
(hours)

Mean 
(hours)

Standard 
deviation

No CT 4.30 2.82, 6.42 7.55 11.05

CT 0.70 0.33, 1.32 1.35 2.45

Presenter Notes
Presentation Notes
This table shows that the time to CT imaging was more than 6 times longer at hospitals with no CT compared to hospitals with CT. You can see the median value of patients receiving CT imaging at hospitals with no CT was 4.3 hours, compared to 0.7 hours at hospitals with CT. This difference is reflected by the P-value and Cohen’s D, which shows a significant difference with a large effect size.Median and interquartile range are displayed due to our data not fitting a normal distribution.



Presenter Notes
Presentation Notes
On the left of this slide is the boxplot for time from presentation to CT for all patients. The blue box represents patients at hospitals with no CT and the yellow box represents patients at hospitals with CT. You can see that the upper end of the distribution has some outliers. On the right, however, is a zoomed-in graph of the one on the left. The median and interquartile ranges are displayed and you can see that the entire interquartile range (the middle 50%) for hospitals with CT is below the first quartile (the bottom 25%) for hospitals with no CT.



Primary Outcome: Time to CT (Business Hours vs After Hours)

Business Hours: (No CT) / (CT) = 4.55

After Hours: (No CT) / (CT) = 6.42

Median (hours) Q1, Q3 (hours)

Business Hours No CT 3.10 (2.20, 5.33)

CT 0.68 (0.23, 1.10)

After Hours No 5.20 (4.27, 6.53)

CT 0.81 (0.51, 1.69)

Presenter Notes
Presentation Notes
This table separates the patient presentations into business hours and after hours. The bottom two numbers show that it took 4.55 times longer for patients at hospitals with no CT to receive imaging during business hours and 6.42 times longer after hours. At sites with no CT, we expected the time to be longer after hours as there is no CT on-call service. Patients either have to wait until business hours the following day to receive imaging at a private radiology clinic or get transferred to a site with CT. Both of these options, however, are time consuming and costly.



Secondary Outcome: Treatment Received
Thrombolysis 
and/or 
thrombectomy

Contra-
indications

Outside 
thrombolysis 
window at 
presentation

Anti-
coagulation

Haemorrhagic 
stroke

Resolving 
symptoms

Other

Stanthorpe
(No CT)

1 16 8 4 1 2 1

Dalby
(No CT)

0 14 4 5 2 0 3

Kingaroy
(CT)

1 18 9 4 2 0 3

Warwick
(CT)

2 18 11 4 1 1 1

Presenter Notes
Presentation Notes
This table shows the treatment that patients received. As with most stroke presentations, not many end up receiving thrombolysis. Additionally, many patients had contraindications to thrombolysis, which we classified into various reasons.



Secondary Outcome: Missed Opportunity for Thrombolysis
 79-year-old female, with no significant medical history, presented to a hospital 
with no CT with acute stroke symptoms at 8:25am on a Wednesday morning:
Presented < 3 hours after symptom onset (within thrombolysis window)
Non-contrast CT and angiography performed at private radiology clinic 2.5 

hours after presentation (outside thrombolysis window)
Acute stroke revealed on imaging
CT perfusion was not performed
Transferred to Toowoomba Hospital and then Princess Alexandra Hospital
Progression of acute stroke, with no treatment being offered

Presenter Notes
Presentation Notes
The important clinical implication of our study is whether patients are missing treatment due to the delay to CT. So, went through our patient population to search for missed opportunities for lysis.One patient from a no-CT hospital unfortunately suffered a missed opportunity for thrombolysis as a direct result of not having CT available immediately. They presented on a Wednesday morning, less than 3 hours after symptom onset – therefore still a candidate for thrombolysis. CT was undertaken in town 2.5 hours after she arrived to hospital, by which time she was outside the lysis window. Her initial CT showed acute stroke, however CT perfusion was not performed. She was then transferred to Toowoomba, then PAH for further workup. By the time all of this had taken place her infarct was well established as core, and no treatment was offered.



Secondary Outcome: Missed Opportunity for Thrombolysis
 69-year-old male presented to a hospital with CT with acute 
stroke symptoms at 3:56pm on a Monday afternoon:
 Presented < 2 hours after symptom onset (within 

thrombolysis window)
 Non-contrast CT and angiography performed 18 minutes 

after presentation (within thrombolysis window)
 Acute stroke revealed on imaging
 Urgently transferred by air to Princess Alexandra Hospital for 

thrombectomy

Presenter Notes
Presentation Notes
Compare this to one of the Warwick patients who presented on a Monday afternoon who was scanned within 20 minutes and got helicoptered out to PAH for clot retrieval. This shows a stark difference in the treatments patients may receive when presenting within the lysis window.No other definite convincing cases were found as missed opportunities for lysis, however…



Secondary Outcome: Potential Missed Opportunity for Thrombolysis
Patients who had persisting symptoms but did not receive CT angiography 

and/or CT perfusion
Patients who declined interhospital transfer for CT imaging after hours
Patients suffering complications or adverse events when being transferred for 

CT imaging

Number of patients (out of 60)

No CT 15

CT 6

Presenter Notes
Presentation Notes
We classified some patients into “potential missed opportunities” due to the uncertain nature of their presentation.These included (1) patients who had persisting symptoms but did not receive contrast CT; (2) patients who declined interhospital transfer for CT after hours, and (3) patients who suffered complications or adverse events when being transferred for CT.As expected, hospitals without CT yielded more potential missed opportunities. However, identification of these patients is possibly user-dependent.



Discussion
 Time to CT >> with no CT on-site, no on-call service

Implications:
 Missed opportunities for thrombolysis
 Potential for clinical deterioration whilst waiting for interhospital transfer for CT imaging
 Less CT angiography and CT perfusion imaging ordered
 Patients declining interhospital transfer for CT imaging

 Further cost-benefit analysis is required:
 Utility of CT imaging for other clinical presentations
 Cost of interhospital transfers
 Impact of wait times for patients requiring CT imaging

Presenter Notes
Presentation Notes
We believe we have shown that it takes much longer to get scanned when a hospital doesn't have CT on-site or an on-call service after-hours.We believe the implications of this are:Missed opportunities for thrombolysisPotential for clinical deterioration whilst waiting for transfer for CTLess CTA & CTP ordered therefore lower sensitivity testsPatients declining transfer for CTThis is only part of the picture for a case for CT on-site, however we believe it's a substantial contribution.Further cost-benefit analysis is required.



Limitations
 Nature of transient ischaemic attack:
 Some patient symptoms resolve soon after presentation to hospital or before 

CT imaging can be organised

 Low power:
Why / why not thrombolysis not well-explained in a small cohort

 No consideration of transfer for mechanical thrombectomy:
There were no clinical notes to suggest why patients were or were not 

considered for mechanical thrombectomy

Presenter Notes
Presentation Notes
There were some limitations.Our study assumed all stroke-like symptom patients required CT as soon as possible. This isn't always the case with TIA-type presentations.Our study was low-powered so we didn't elicit great insight into why, or why not, for thrombolysis.We didn't look into patients' eligibility for mechanical thrombectomy.



Future Suggestions
 On-call service for private CT imaging in towns with no hospital CT imaging:
 Time to CT imaging is exacerbated after hours due to the requirement of transfer to a 

larger hospital
 Patients often decline transfer to a larger hospital for many different reasons

 Ordering of CT imaging:
 Hospitals with no on-site CT were less likely to order CT angiography and/or CT 

perfusion
 “CT angiography increases diagnostic certainty and likelihood of treatment with 

thrombolysis in patients with acute stroke” [5]
 A review of CT imaging ordering protocols may be beneficial

Presenter Notes
Presentation Notes
These are some suggestions for what could be done whilst waiting for CT installs.If the private radiology clinics in town were willing to provide an on-call service after-hours, this would make a huge difference to wait times and take pressure off inter-hospital transfers.Secondly, due to less contrast scans being ordered at no-CT hospitals, a review of CT ordering protocols for stroke could be undertaken .
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