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Background 
For acute ischaemic stroke, onset-to-treatment (OTT) time is 
critical to the efficacy of thrombolysis, reducing rapidly over 
the first few hours. After the patient calls for emergency help, 
the call-to-treatment time is determined by the performance 
of the healthcare system. Ambulance crews respond to this 
urgency by conveying patients to the closest hospital 
providing hyperacute stroke care. However, this disregards 
that there remains significant variation between the hospitals 
arrival-to-treatment (ATT) times. The earliest treatment may 
be achieved by travelling to a more distant hospital that has 
faster ATT times, Fig. 1. 

Methods 
We modelled the combined effect of ambulance call-to-arrival 
times and hospital ATT times.  We modelled a system in South 
West England (population 4.5million, 201 people/km2) with 14 
acute hospitals receiving over 7,500 acute stroke admissions 
per year.  Stroke admissions by geographical area (LSOA) were 
obtained from Hospital Episode Statistics (HES) using Lightfoot 
SFN tool (http://www.lightfootsolutions.com/), Fig. 2. 

 

 

 

 

 

 
 
 

Predicted ambulance travel time from each patient LSOA to 
each hospital was derived from Microsoft MapPoint. Median 
ATT times for each hospital were obtained from Sentinel 
Stroke National Audit Programme (SSNAP) data (2013/2014)1.  

For each patient location the OTT time was calculated either: 

1) choosing the closest hospital and adding the hospital’s ATT 
time to the shortest travel time (Fig. 1, hospital 1) 

2) choosing the hospital which would result in the fastest 
treatment after combining the ambulance transport time 
and hospital’s ATT time (Fig. 1, hospital 2) 

Results 
26% of patients have a delay in treatment when closest 
hospital is used as the method for choosing which hospital to 
attend, Fig. 2.  Those patients have their treatment delayed 
by 9 minutes, on average, with the maximum delay for any 
patient being 35 minutes.  The majority of delays are less 
than 10 minutes, however 5% of all patients have a potential 
delay of more than 15 minutes.  Choosing where to take a 
stroke patient based on the shortest call-to-treatment time 
equates to ~9 additional patients having a positive clinical 
outcome in this region. 

Background: For acute ischaemic stroke, call-to-needle time 
is critical to the efficacy of thrombolysis.  Efficacy reduces 
rapidly over the first few hours after stroke onset.  
Ambulance crews respond to this urgency by conveying 
patients to the closest hospital providing hyperacute stroke 
care. However, this disregards the fact that there remains 
significant variation between hospitals in door-to-needle 
times.   
Methods: We performed analysis and modelling of the 
combined effect of ambulance call-to-door times and 
hospital door-to-needle times.  The setting we modelled 
was a system in the South West of England with a 
population of 4.5million, with 14 acute hospitals admitting 
emergency stroke patients, and with ~7,500 acute 
admissions per year. 
Results: If call-to-needle time, rather than just call-to-door 
time, is taken into account, then the decision on which 
hospital to take a patient to would be different for 1,831 
patients per year.  For those patients affected, the average 
difference is approximately 8 minutes. 306 patients per year 
could have time to treatment improved by 15 minutes or 
more by being taken further to a hospital with shorter door-
to-needle times. Our analysis allows the production of maps 
that could be used by ambulance services in the UK to 
select hospitals for emergency stroke treatment according 
to potential clinical benefit rather than simply distance. 
Conclusions: Such geographical analysis involving the whole 
hyperacute stroke pathway, from call to treatment, could 
have a significant impact on the overall clinical benefit from 
time-critical treatment for hyperacute stroke through the 
improved selection and use of hospitals delivering the 
quickest treatments to the greatest number. 
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Example of where choosing the closest hospital may delay 
thrombolytic treatment 

We examined an acute stroke care system to see how 
frequently choosing the closest hospital may lead to delays.  

Conclusions 
In South West England choosing the hospital which is fastest 
to travel to potentially delays thrombolysis treatment by more 
than 15 minutes for 300-350 stroke patients per year. 

Geographical analysis involving the whole hyperacute stroke 
pathway, from call to treatment, could have a significant 
impact on the overall clinical benefit from time-critical 
treatment for hyperacute stroke through the improved 
selection and use of hospitals delivering the quickest 
treatments to the greatest number of patients. 
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Fig. 1. Example of where choosing the closest hospital may delay treatment 

Hospital 2: Time-to-treatment = 70 min 

Fig. 2. Map showing patient nodes (yellow), in-region hospitals (red) and out-of-region hospitals 
(blue). Out-of-region hospitals are assumed to remain open in all modelled scenarios 

Outcome 
Clinical benefit was estimated based on modelled OTT times, 
applying the described relationship between OTT time and 
the probability of being disability free at 3-6 months2. 

Fig. 3. How frequently choosing the closest hospital may led to delays in treatment,  
and the extent of those delays by 5 min time zones 
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