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Executive Summary 

This literature review was commissioned by Kent and Medway Stroke Review 
Programme Board and West Kent Clinical Commissioning Group. This review 
examines the national standards for stroke, clinical and cost effectiveness of acute 
stroke units and looks at the improvements to stroke care that have resulted from the 
introduction of hyper-acute stroke units in London since 2010. These are compared 
with the changes in stroke care in Manchester that began at the same time. There is 
consideration of whether the London experience could be translated to a more rural 
context and alternatives to centralised stroke units are considered.  
 
Reducing Burden of Disease from stroke requires systematic interventions at 
population level across all parts of the care pathway including primary prevention 
and post stroke rehabilitation.  
 
Clinical and Cost effectiveness of Stroke Units 
 
The National Audit Office 2005 defined a stroke unit as any system of organised 
inpatient stroke care that is characterised by coordinated multidisciplinary 
rehabilitation programmes of education and training in stroke and specialisation of 
medical staff usually housed in a geographically discrete ward. The 2012 National 
Guideline for Stroke defined a hyper-acute unit as a stroke unit that treats patients in 
the few days of symptom onset. 
 
The available evidence suggests that stroke units are both clinically and cost 
effective because of a combination of care provided, of which thrombolysis in the first 
4.5 hours is a part. However, these outcomes (reducing death, length of hospital stay 
and improved quality adjusted life gained) tend to be achievable when appropriate 
and optimum standards of care are provided through continuous monitoring. The 
evidence also highlights that the maximum gain to population health is through 
preventative strategies.  According to the National Sentinel Stroke Audit there are 
inconsistencies and substandard level of care in many of the stroke units in Kent, 
similar to the rest of the country. 
  
The evidence also highlights that in order to get best clinical outcomes, it is important 
that along with HASUs there is a supportive infrastructure of sub-acute stroke units 
and after hospital care for individuals.  
 
Reconfiguration of Stroke Units Elsewhere 
 
The experience from London Stroke Units indicates that when stroke units were 
centralised (to pool resources together) they were able to improve the standards of 
care and hence were shown to be both clinical and cost effective. Supported 
discharge contributed to cost efficiency. 
 
The Manchester experience also suggests that access to quick ambulance transfer 
to stroke units was an important aspect in improving outcomes as it ensured access 
to prompt interventions. It further highlighted the importance of stroke recognition by 
the public in speeding up access to hyper-acute services. 
 
The findings indicate that Greater Manchester achieved a 2-day reduction in hospital 
stay but years of live saved were not different from other areas in the country. The 
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differences in mortality was explained by their partial adherence to the centralised 
model (64% of people were transferred to the appropriate service in Greater  
 
Manchester compared with 98.7% in London) Following its review, Greater 
Manchester now aims to move closer towards a centralised model, thus supporting 
the setting up of hyper acute stroke unit. 
 
 Telemedicine: Alternative to Hub and Spoke Model  
 
The evidence suggests telemedicine is both safe and effective. In telemedicine, brain 
scans and delivery of thrombolysis take place locally but expert review of the brain 
images and treatment decisions takes place in a centralised specialist unit. Different 
studies in rural settings (Northumbria, Georgia and Arkansas) indicate that in rural 
areas where travel times may prohibit access to hyper-acute units with access to 
centralised 24/7 expertise, telemedicine may be beneficial where symptoms can 
identify which patients are eligible for transfer to a central unit (used in tandem with a 
stroke code alert system) or alternatively, treatment may take place in local units.  
 
It is pertinent that the introduction of HASU goes in tandem with the improvement in 
standard of the other stroke units which provide subsequent and after care (such as 
inpatient rehabilitation, early supported discharge and long term community 
rehabilitation). 
 
 
Travel times and other factors affecting door to needle time could to be an issue in 
more rural areas. The evidence indicates that treatment decreases by 2.5% for every 
minute of transfer time and suggests that specific transfer time goals are needed.   
 
To make site specific decisions, further modelling work is needed to identify the 
location of HASUs across Kent and Medway, due to dispersed population in rural 
locations. However, CCGs will need to be mindful that ambulance times are only one 
of several factors affecting door to needle times in local hospitals. It is important that 
decision around HASUs also take into account experience of teams, process for 
implementation of protocols as these would also affect performance and clinical 
outcomes. 
 
Acute care should not be the only focus. The National Audit Office highlighted in their 
2010 report on “Progress in Improving Stroke Care,”  that the best way of improving  
value for money of stroke care is by preventing strokes from occurring. 
 
Although the prevention of stroke is outside the scope of Kent and Medway 
Programme Review Board, the literature clearly suggests that at population level, 
prevention of stroke is the best option. It is recommended that this is considered by 
the Board and progressed through CCGs at a local level. Therefore, in addition to 
commissioning of acute care, CCGs will need to ensure that public health 
interventions are implemented. These include control of high blood pressure, 
reduced salt consumption, cholesterol, smoking, unhealthy diet, encouraging uptake 
of exercise and optimal participation in the NHS health checks programme.  
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1. Methodology of the Evidence Review 
 

A review of stroke services across Kent and Medway was commissioned in 
December 2014. This literature review was conducted to support this 
programme review and case for change. 

 
An extensive search was conducted by Library and Knowledge Services 
between 15 January 2015 and 10 March 2015.  A search was conducted in 
Evidence Search, Cinahl, Medline, the Cochrane, NHS Economic Evaluation 
Database, the Commissioning Handbook for Librarians, the Learning 
Environment, NHS England, Google, the Health Service Journal HSJ, the 
SNAPP audit results of Royal College of Physicians, the National Institute of 
Health Research, and the University of York Centre for Reviews and 
Dissemination.  Sources were also followed up from a presentation by Greg 
Fell, a public health consultant in Bradford.  HDAS searches were generally 
limited to 2005 onwards and limited to English language abstracts. 

 
Evidence assessing the clinical effectiveness of acute stroke units was widely 
available and of good quality, with several systematic reviews since the late 
1990s. Evidence of cost effectiveness was less rigorous mainly because the 
centralisations in London and Greater Manchester were relatively recent and 
summary analysis is only now beginning to appear. Material on acute stroke 
units outside the major conurbations in England and Wales was scarce and 
generally consisted of policy and planning documents, presentations or case 
studies. International experience of using telemedicine in more rural areas 
included some higher level research and provided models not yet available on 
any scale in the UK. 

 
Search terms included: stroke, hyper-acute/hyper-acute stroke unit, 

thrombolysis, cost effectiveness, quality of health care, treatment outcome, 

value for money, burden of disease, time factors, transportation/transfer of 

patients, residence characteristics, rural populations, rural health services, and 

telemedicine.  Searches were also carried out on the names of individual 

English counties, regions, urban authorities and clinical commissioning groups.  

References were sometimes followed up, particularly in sources on cost-

effectiveness. 
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2. Background and National Context 
 
Stroke is the third biggest killer in the UK and the leading cause of adult severe 

disability. Half of all stroke survivors have a disability and 3 in 10 stroke 

survivors will go on to have a recurrent stroke or TIA. Stroke care accounts for 

about 5% of total spending on health care (10% when indirect costs such as 

caregivers are taken into account) (Davie et al 2013).  It is therefore important 

that strokes are either prevented or detected early and treated promptly, 

especially now that the years of increased NHS public funding from 1997 to 

2009 seem to have come to an end (Figure 1).  

 

Figure 1: Real Spending on Public and Private Health Care 1997-2012 

   

Source: Nuffield Trust 

 

The Department of Health’s National Stroke Strategy for England (2007) 

identified care in a stroke unit as the single biggest factor to improve outcomes 

after stroke.  NHS England’s Putting Patients First business plan 2014-15 to 

2016-17 aims to “promote the reconfiguration of stroke services across the 

country, building on the evidence-based model developed in London”.  This 

includes developing a specific case for “acute stroke service reconfigurations in 

two geographical locations by April 2015”.  The London model is a hub and 

spoke model of centralised, dedicated hyper-acute stroke units.  The alternative 

looked at is treatment on general wards.  

In their study, Airoldi et al (2011) summarised options of treatment available 

during acute phase of stroke (Figure 2). Individuals who have stroke can expect 

to receive care within nationally agreed standards (figure3).  
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Figure 2: Treatment Options 

  

Source: Airoldi et al 2011 

 
 
  Figure 3: Summary of National Standards  

 

 

   Source:  Monitor Evidence Report 2014.   
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3. Standards from the National Clinical Guideline for Stroke 
 

 Ambulance services should respond to every possible acute stroke as an 
emergency. 

 Acute services should provide brain scans in the next slot or within 1 hour 
for those eligible for thrombolysis and always within 12 hours. 

 All hospitals should have arrangements to admit patients directly to a 
specialist acute stroke unit (onsite or at a neighbouring hospital). 

 Any patient, regardless of age or stroke severity, where treatment can be 
started within 3 hours of symptom onset should be considered for 
treatment using alteplase. 

 Between 3 and 4.5 hours of onset, patients under 80 years should be 
considered for treatment with alteplase. 

 
In its Guidance CG68, the National Institute for Health and Care Excellence is 
in favour of acute units: 

 

 all people with suspected stroke should be admitted directly to a specialist 
acute stroke unit following initial assessment  from the community or  A&E  

 brain imaging should be performed immediately if there are indications for 
thrombolysis or early anticoagulation treatment and as soon as possible for 
everyone else but wary of the use of thrombolysis outside HASUs.  The 
guidance focuses as much on the use of aspirin and warfarin as the use of 
thrombolysis.   

 Alteplase is recommended for use only when used by physicians trained 
and experienced in the management of acute stroke within a well-organised 
stroke service with staff trained in delivering thrombolysis and in monitoring 
for any complications. 

 
 
4. Clinical Effectiveness of Stroke Units 
 

During the 1990s, the focus was on prevention, with a pessimistic view of the 
likely success of treatment after stroke, though the importance of stroke units in 
improving outcomes was already being recognised.  The approval of 
thrombolytic treatment, the use of “clot-busting” drugs, initially within 3 hours of 
onset (NINDS 1995), began the focus on care in the first 72 hours.   

 
A Health Technology Appraisal (HTA) conducted by the National Institute for 

Health and Care Excellence (NICE) found evidence from six randomized 

controlled trials that alteplase (thrombolysis) reduced the risk of death or 

dependency, compared with a placebo, if given within 3 hours of the onset of 

ischaemic stroke.  A subsequent NICE HTA found evidence that it reduced the 

risk if given up to 4.5 hours after onset.   The Monitor Evidence Report on 

international comparisons, (2014) found an international consensus for 

thrombolysis for eligible patients to be given within a 4.5-hour window from the 

onset of stroke. 
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Figure 4: the NICE Pathway 

 
 

 
 

Source: NICE 
 

Figure 4 shows the NICE stroke pathway: where ischaemic stroke is suspected 
and time of onset is known and recent, immediate brain imaging should be 
used to confirm the diagnosis; eligible patients should be thrombolysed as soon 
as possible (and within 4.5 hours of the onset of stroke) and dealt with in a 
specialist stroke unit. 

 
A Stroke Unit Trialists’ Collaboration Cochrane review (2009) was one of 
several to establish that specialist stroke units were effective.  A systematic 
review by Sun et al (2013) concluded that the resulting high independency 
rates were particularly important in view of the UK’s aging population (figure 5).   
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Figure 5: Comparison of general medical wards (GMW) with stroke units (SU) 
 

 
 

Source: Sun et al (2013).  
 

 
Most improvement is seen in ischaemic stroke (Morris et al 2014) which 
represents approximately 70-80% of the national incidence of first strokes 
according to the Drug and Therapeutic Bulletin (2009). The estimate of 80% is 
further supported by Airoldi, citing evidence from Wolfe, Rudd et al (2002) and 
the first national stroke audit (Clinical Effectiveness and evaluation unit 2005).  

 
 

Figure 6: Stroke Classification and their Relative Frequency  
 

 
Source: Airoldi et al 2011 
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Airoldi et al (2011) argued that it was not clear what had led to the improvement 
in outcomes for ischaemic stroke noted by Morris et al as it occurred at the 
same time as an increase in spending on the NHS and at the same time of the 
introduction of hyper-acute stroke units (HASUs). Airoldi et al (2011) also 
suggests that studies had shown that causality had been hard to establish and 
all parts of the stroke pathway have improved.  The focus on the use of 
thrombolysis for ischaemic stroke does not explain the improvements 
throughout the pathway.   

 
In a research paper published in 2013, Hunter et al (2013), found stroke units 

were associated with lower risk of death, death and dependency and death and 

organised care.  There were doubts as to the reasons, particularly given that 

the nature of HASUs, the treatment offered and the extent to which this 

complied with national guidelines was not at all consistent; but specialist stroke 

unit care for the first 72 hours produced improvements in all measures.  

Centralisation led to reduced costs, improved outcomes and earlier discharge.  

The use of HASUs improved outcomes, concluded Morris (2014) though the 

process was not clear: “Care in a stroke unit was the single biggest factor that 

can improve outcome after stroke”.   

However, Davie (2013) argued that,  “though increased thrombolysis is often 
seen as the primary driver of results, this can only account for a small 
proportion of the reduced mortality and morbidity: the rest stems from reliable 
care that is in line with the best evidence and provided across disciplines.” This 
view was further supported through a Cochrane review by Ciccone et al (2013) 
which concluded that outcomes improved through continuous monitoring.  
Additionally, Govan, Langhorne and Weir (2007) thought that the prevention 
and treatment of complications, in particular infections, was important.   

 
A systematic review by Langhorne et al (2013) found that patients with any type 

of stroke managed in organised inpatient units were more likely to survive and 

regain independence.  Moreover, patients with intracerebral haemorrhage, a 

group who were not eligible for treatment with thrombolysis, seemed to benefit 

at least as much as patients with ischemic stroke from organised inpatient 

(stroke unit) care.  

5. Cost Effectiveness of Stroke Units 

There is less rigorous evidence on cost effectiveness (systematic reviews are 
needed in this area) but several studies e.g. Saka et al 2009, have found stroke 
units to be cost effective.  Guzauskas et al (2012) found primary stroke centres 
were cost effective compared to a less specialist hospital setting.  Tan Tanny et 
al (2013) found the use of thrombolysis to be cost effective in terms of QALYs 
gained.   

 
Working with the London School of Economics, Airoldi et al (2011) considered 

the effectiveness of interventions such as thrombolysis, stroke unit provision 

and the combined intervention of thrombolysis and stroke unit. The study 

highlights that whilst there is a gain in Quality Adjusted Life Years (QALYs) 

from thrombolysis intervention alone, for maximum gain this needs to be in 
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conjunction with the other essential elements of a stroke unit (Figure 7). The 

study also highlighted that the maximum gain to population health is through 

preventative strategies. 

 

Figure 7: The Burden of Disease 
 

 

Source: Airoldi et al (2011) 
 

The study quoted evidence that treatment on a stroke unit, though more costly, 
was cost effective because of shorter stays.  “Stroke units might be up to 16% 
more expensive than more conventional wards (Epifanov, Dodel et al. 2007), 
but the length of stay may be up to 30% shorter (Jørgensen, Nakayama et al. 
1995)... The improved outcomes are then likely to be associated with savings 
from ongoing care over the patients’ lifetime. For instance, the economic model 
by the NAO [National Audit Office] indicates that if length of stay were three 
days shorter, the incremental cost at one-year follow-up would be zero (Saka, 
McGuire et al. 2005).  The Stroke Unit Trialists' Collaboration (2001) suggested 
six day shorter stays and care savings beyond the first year.   

 
There were mixed reports as to the exact extent to which the use of 

thrombolysis increased following centralisation in London or the exact increase 

in life years and fall in hospital days that resulted, but Hunter et al (2013) 

concluded the gains are positive and statistically significant.  “When the model 

is carried out to ten years, the new model is dominant in every scenario tested” 

with fewer deaths, improved quality adjusted survival and cost savings of nearly 

£4,000 per patient. 
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Does “Stroke Unit” mean Centralised Hyperacute Stroke Units? 

Stroke units improve outcomes but there is no clear definition of a stroke unit. 
The National Audit Office 2005 defined a stroke unit as ‘any system of 
organized inpatient stroke care’ that is characterized by ‘coordinated 
multidisciplinary rehabilitation, programmes of education and training in stroke, 
and specialisation of medical staff usually housed in a geographically discrete 
ward’ (Stroke Unit Trialists' Collaboration 1997).  The 2012 National Clinical 
Guideline for Stroke simply defines a hyper-acute unit as “a stroke unit that 
treats patients in the first few days of symptom onset”. 

 
The Stroke Unit trialists’ collaboration of 2007 found the benefits (survival and 
independence) at one year were “most apparent in units based in a discrete 
ward”.  The National Sentinel Audit refers to: “a multidisciplinary team, including 
specialist nursing staff based in a discrete ward which has been designated for 
stroke patients” (Clinical Effectiveness & Evaluation Unit 2008). The SNAPP 
audits look for: 

 

 a consultant physician with responsibility for stroke 

 formal links with patient and carer organisations 

 multidisciplinary meetings at least weekly to plan patient care 

 provision of information to patients about stroke 

 continuing education programmes for staff. 
 

Between 2001 and 2006, the number of stroke units in England, Wales and 
Northern Ireland providing at least four of the five key characteristics increased 
from 72% to 95% in 2006. By 2008, 73% of units had all five key characteristics 
(Airoldi et al 2011). 

 
While the improved clinical outcomes associated with organised inpatient 
stroke care are well documented, it is unknown if centralising acute stroke care 
to a small number of high volume specialist centres produces better clinical 
outcomes (Morris et al 2014).  In Greater Manchester the External Advisory 
Group (October 2011) reviewed the first wave of reconfiguration and concluded 
that, if anything, the system should be further centralised.  A systematic review 
by Price et al 2009 established the superiority of regional collaborations over 
district hospital units.  The Monitor Evidence Report (2014) reported stroke care 
was moving towards centralisation in Victori (Australia) and the Netherlands.  
Centralisation was not the preferred model, however, in Arkansas (US) or 
Sweden.  Pickering et al (2014) conducted a systematic review comparing 
triage and direct transfer to a specialist centre with initial transfer to a local 
hospital for 3 clinical conditions including stroke. They found the evidence was 
very limited and did not demonstrate improved outcomes for either pathway; 
though outcomes were better at a specialist centre if thrombolysis was only 
available at such a centre. 
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6. Evidence from other Areas: Hub and Spoke Model 

6.1  The reconfiguration in London 2010 

In 2010, acute stroke services were centralised in Greater Manchester 
(population of 2.68 million) and London (8.17 million).  Before the 
changes in London, 30 hospitals provided acute stroke care. After 
centralisation, specialist care was provided in eight designated hyper-
acute stroke units 24 hours a day. Specialised stroke teams, able to offer 
brain imaging and thrombolysis, assessed all patients. Twenty-four 
stroke units were designated to provide acute rehabilitation services, and 
eight of these were attached to a hyper-acute unit.  (Morris et al 2014).  
The remaining hospitals lost some or all of their stroke services.  

 
In 2008-9, before reconfiguration, only 3.5% of stroke patients across 
London received thrombolysis; by 2012 this was 12% of all patients and 
by 2014 SNAPP returns suggested it had risen to 17%.  Morris et al 
(2014) concluded that during the first two years after reconfiguration, 96 
extra lives per year were saved in London once weighting had been 
taken into account.  Centralisation in Manchester was less than this and  
Stephen Morris was quoted as telling the Guardian (2014) that if an 
equivalent service had been introduced in Manchester it would have 
produced “approximately 50 fewer deaths per year”, though the study 
could not rule out overall that differences are associated with severity of 
stroke.   
 
In London 98.7% of patients with stroke were transported to a HASU 

(Morris 2014).  Ambulances or self-referrals saw 98% arriving at a HASU 

within 30 minutes (Davie 2013).  Onset to stroke unit times are given 

below in Figure 8: 

Figure 8: Clock Start to Stroke Unit Time 

 

Source: Royal College of Physicians SNAPP  
 

 

Hunter et al (2013) concluded that the changes were cost effective, 
certainly within an urban area.  They produced cost savings per patient, 
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mortality and quality of life gains at 90 days and even more so at 10 
years, according to the model.  Similar results followed the development 
of stroke units in US, Canada, Netherlands, Denmark and Australia 
(Morris et al 2014).  
 
Improvements in mortality in London were higher than the trend in 
improvement elsewhere, though London had previously lagged behind 
(Hunter et al 2013). Although the aim to improve thrombolysis rates was 
an important driver in the development of the new model, it does not fully 
explain the QALY gains associated with the reconfiguration, given that 
thrombolysis was still only received by a minority of patients. “It is highly 
probably that the consolidation of expertise and treating higher volumes 
of patients leads to improved diagnosis and overall improved processes 
of care.  This is more likely to reduce per-stroke complications and may 
therefore explain in part the reduced mortality observed.” (Hunter et al 
2013) 
 
Reduced length of hospital stay was significant in both London (-1.4 

days) and Greater Manchester (-2 days) (Morris 2014 and Health 

Scrutiny Committee report to Manchester City Council 2013,) and 

contributed to the cost effectiveness (Hunter 2013).  Saka et al 2009 

modelled cost effectiveness in South London between 2001 and 2006, 

before the reconfiguration of 2010.  They found that supported 

discharge, which allowed patients to move quickly out of hospital, be it a 

stroke unit or a general medical ward, was what made the difference to 

cost efficiency.   

London maintained its dominance in the SNAPP results for summer 

2014 with scores of over 70 or 80 for most of its eight HASUs (Figure 9): 

Figure 9: SNAPP Scores Kent, Surrey and Sussex Compared to 

London 

 

Source: http://www.strokeaudit.org/results/Clinical-audit/Maps/Domain-Map-

Routinely-Admitting.aspx    Royal College of Physicians SNAPP 

http://www.strokeaudit.org/results/Clinical-audit/Maps/Domain-Map-Routinely-Admitting.aspx
http://www.strokeaudit.org/results/Clinical-audit/Maps/Domain-Map-Routinely-Admitting.aspx
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The performance of hospitals can vary significantly between periods (for 
example, January-March 2014 Ashford scored in the 40-59 D band 
though by Jul-September 2014 in was in the top band) but higher scores 
are found more frequently in London that outside. 

 

6.2      Reconfiguration in Manchester 2010 onwards 

Reconfiguration in Manchester in 2010 led to shorter hospital stays (2 

days on average) but life years saved was no higher than the general 

trend elsewhere.  “The differences in mortality can be explained by the 

lower levels of adherence in Manchester” to the centralised model and to 

less compliance with care processes (Morris 2014). 

Evidence from London and Manchester suggested it was critical for 

mortality outcomes that all patients with suspected stroke be admitted to 

specialist stroke units.  In Manchester initially it was only about one third. 

Outcomes were best if all patients were treated in a HASU, whatever the 

time frame, whatever the type of stroke. In London 98.7% of patients 

with stroke were transported to the appropriate service.  In Greater 

Manchester 36% of patients were not taken to a comprehensive stroke 

centre or primary stroke centre (Morris 2014).  Manchester never 

achieved the 30 minute ambulance transfer times enjoyed in London.  

The annual review of its services (2013) also highlighted the importance 

of stroke recognition by the general public in speeding up access to 

hyper-acute services. 

Greater Manchester originally opted for a “thrombolysis-eligible” triage 

model.  One comprehensive stroke centre was available 24/7; two 

primary stroke centres operated 18 hours a day.  All general local units 

continued to operate.  Ambulance crews or A&E staff decided whether 

patients were eligible for admission to the specialist stroke units.   In the 

twelve month review by Hosker (2013) to the Manchester Health 

Scrutiny Committee, the Greater Manchester and Cheshire Cardiac and 

Stroke Network reported a 5% fall in mortality but recognised that 

services could be further improved.  This fall in mortality was not 

significantly different from that in the rest of the country at the same 

period.  It was therefore proposed that in future “all patients presenting 

within 24 hours with symptoms suggestive of a new acute stroke will be 

transferred to a hyper-acute stroke centre” able to deliver the key 

interventions 24/7 (Manchester City Council report to the Health Scrutiny 

Committee 2013). 

The Monitor Evidence Report (2014) found similarly uneven 

implementation in Ontario which also operated ambulance triage 

protocols.  A randomised control trial conducted by Berglund et al (2012) 

looking at the use of triaging and thrombolysis alerts by ambulances in 

Sweden seemed to show a significant increase in thrombolysis 

frequency and a shorter time through the acute chain of stroke care; 

however, a Swedish stroke audit published that same year found 
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 “the alarm was used only in 23% of eligible cases in 2012” (Monitor 

Evidence Report 2014).  Manchester demonstrated lower adherence to 

protocols and differences in access to hyper-acute care for patients 

presenting four hours after developing symptoms of stroke. 

Following its review, Greater Manchester now aims to move closer 
towards a centralised model (Figure 10): 

 
Figure 10: The Benefits of All Patients Attending a HASU 

 
 

Source: Full Implementation of the Greater Manchester Integrated Stroke Service 
(GMISS) 

 
 
7. Telemedicine as an Alternative to Hub And Spoke Acute Services 

In telemedicine, brain scans and delivery of thrombolysis take place locally but 
expert review of the brain images and treatment decisions takes place in a 
centralised specialist unit. Telemedicine, falls into two models: symptoms can 
identify which patients are eligible for transfer to a central unit (used in tandem 
with a stroke code alert system); or, alternatively, treatment may take place in 
local units, in rural areas where travel times may prohibit access to hyper-acute 
units, with access to centralised 24/7 expertise.   

 
Case studies of stroke service reform in more rural areas of England show 
examples of both triage (including use of stroke code alerts) and telemedicine.  
Following triage, Northumbria, for example (Figure 11), offers a combination of:  

 

 local service 

 redirection to the HASU for thrombolysis and acute treatment  

 telemedicine followed by some redirection to acute units  
 

Northumbria was one of the first more rural areas in England to introduce a 
HASU.   
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Figure 11: Example of a Stroke Pathway in Northumbria 
 

 
   Source: Chris Price 

 
The Monitor Emergency Report 2014 reported that telemedicine allowed even 
small/remote acute hospitals to deliver thrombolysis in Arkansas, USA.  Rubin 
et al 2013 found “telestroke” had a growing literature base though a lack of 
systematic reviews.  Roots, Bhalla and Birns conducted a review in 2011 which 
concluded that telemedicine was safe and effective and that it increased uptake 
of thrombolytic treatment and improved geographical equality. 

 
Agarwal et al (2014) looked at the first year of the east of England telestroke 
project 2010-11.  The project covered seven regional hospitals with a 
population of 5.6 million aimed at enabling out of hours access to thrombolysis 
where the use of a hub and spoke model was not geographically feasible.  
They concluded it was safe and effective.  A study of a rural stroke network in 
Georgia (US) 2005 found rapid and safe use of a tissue plasminogen activator 
was possible through telesystems.  Northumbria in north England found 
telemedicine allowed quicker admission times following stroke onset though 
final door to needle times were actually slower than for direct admission to the 
HASU.  The Georgia study, however, found that over time the system became 
more efficient through focus and practice and mean onset to treatment time 
decreased (Hess et al 2005). 

 
A systematic review of mobile stroke teams found them no more effective than 
general wards (Langhorne et al 2005).   
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Discussion 

 

8. How to Implement Change Outside Urban Centres 

 

The Monitor Evidence Report 2014 stressed that the priorities of reconfiguration 

would depend on the type of commissioning decisions that needed to be made: 

the challenges might focus on distance to a hyper-acute unit, or on improving 

processes such as preliminary access to brain scans, or on ensuring sufficient 

volumes to make units viable. 

 

9. Validity of the Model 
 

It is not clear that the London model can be transferred to a more rural 

environment or how effective the centralised model would be outside urban 

areas (Hunter 2013, Morris 2014) if the populations and stroke types differed.  

Nor was it clear that the period from 2010-12 in London was typical, though all 

models seem to have been well tested for the sensitivity of their assumptions.  

London had made relatively less progress than the rest of England in the period 

leading up to reconfiguration of its stroke services; so did the gains in London 

just represent a catching up?  When asked to adopt the London model, hospital 

managers in the Netherlands “reacted by claiming that the reconfiguration in 

London has only managed to lift low levels of care to match the care quality 

already present in the Netherlands (Monitor Evidence Report 2014).  A meta-

analysis by O’Rourke and Walsh concluded that studies of the impact of care 

delivered in stroke units on mortality were robust but thought that further 

studies were “very unlikely to alter current knowledge but may have a role in 

ensuring regional stability of outcome.” 

 

10. Travel Times 
 

Travel times and other factors affecting door to needle time were likely to be an 
issue in more rural areas.  Prabhakaran et al 2011 tried to construct a time 
model for offering intra-arterial therapy (thrombolysis) for acute ischemic stroke.  
They observed “the odds of treatment decrease by 2.5% for every minute of 
transfer time” and concluded specific transfer time goals were needed.   
 
Figure 12 highlights Inter Quartile Range (IQR) for various stroke units across 
South East, with William Harvey with smallest IQR. 
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Figure 12: Clock Start to Stroke Unit Time in Kent, Surrey and Sussex 

 

Source: Royal College of Physicians SNAPP 2014 
 

The Monitor Evidence Report on international comparisons quoted a 1-hour 

maximum travel time.  However, Monks 2014 stressed that simulations of travel 

times would need detail and sophistication to allow for peak traffic, busy 

departments, physician availability etc.  There would be trade-offs for patients 

and the commissioning model needed to encompass probabilities for gain and 

loss. 

 

11. Motivation 
 

The London HASUs were “chosen based on their commitment to meeting 

specified staffing and quality standards of care.” (Davie et all 2013)   The 

reconfiguration was designed and managed (under London Strategic Health 

Authority) by the physicians who would operate the units. The 24 acute stroke 

units ASUs were also designated by a competitive tendering process of 

hospitals bidding to provide the right staffing at the right price.  London was 

able to move staff round easily.   

Tony Rudd, London Stroke Clinical Director, outlined the importance of bringing 

the stakeholders on board, and how the need for unity was one of the reasons 

why the initial reconfiguration in Manchester was compromised.   

“Set up and ability to meet quality standards was overseen by a pan-London 

board (Clinical Advisory Group) and the five London teams of the UK cardiac 

and stroke network who were accountable to the London Health Authority (NHS 

London). The Health Authority also provided approximately £20million ($30m) 

funding to implement the development of the units and created an enhanced 

tariff of payment which was linked to meeting the quality standards.” Davie 

2013.   
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This reconfiguration was hugely complex involving many NHS organisations 
and engagement from public and health professionals. This included publicity 
campaigns and town-hall meetings to persuade potential patients and relatives 
of the anticipated benefit of bypassing their local hospital. 

 
The Manchester review (2013) produced a long list of areas, which required 
further reconfiguration to further improve its system.  These included: 

 

 Increased capacity 

 increased workforce 

 finance impact to both HASUs and the old district stroke centres. 

 more rehabilitation and early supported discharge and an improvement 
programme for the current services to improve quality, duration and 
consistency 

 much more uniform standards and use of assessment tools 
 

The Commissioning for Quality and Innovation (CQUIN) payment framework 

enables commissioners to reward excellence by linking a proportion of 

providers’ income to the achievement of local quality improvement goals.  

Specific Stroke CQUINs were developed across the north west of England to 

drive improvement in stroke services. The Best Practice Tariff enforces some 

standards by financially rewarding those providers that meet the standards 

 

12. Numbers  
 

Davie (2013 suggests the London HASUs were designed to receive 600-1200 
per year (up from 150-450).  The Monitor Evidence Report (2014) quoted 1 
million as a typical population base, and gave the following international 
standards:   

 
 
 
 Figure 13: Minimum Patient Volumes for a HASU 
 

 Victoria Netherlands Germany Arkansas 

Volume for  
specialist  
acute stroke 

unit 

>100 pts/yr for 
acute unit 
>350 pts/yr for 
Comprehensive  
Stroke Centre 

Not yet – but 
national  
insurers want 
 a 50pts/yr 
minimum 

>2502 pts/yr for 
acute unit 
>450 pts/yr for 
Comprehensive 

Stroke 
Centre 

≥25 IV tPA 
patients/yr for 
Comprehensive 

Stroke 
Centre,5 

2 Plans to increase this to 300 
patients/year 

 

5 Also ≥20 subarachnoid haemorrhage patients and 
≥15 endovascular coiling or surgical clipping 
procedures for aneurysm 

Source: Monitor Evidence Report (2014) 

 
The NHS Future Fit report Aldridge and Turner (2014) quoted Glanville J et al 

(2010): “A safer solution can be a lower-cost solution only where it is possible 

to bring services together in a larger centre.”  And Ham et al (2012) cited 
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evidence supporting the concentration of services in higher volume units and 

an association with better clinical outcomes for services including stroke. 

Manchester in its 2013 review was planning to increase numbers and data from 
the Royal College of Physicians stroke audit shows that patients are more likely 
to receive the early processes of care associated with better long-term 
outcomes in centres with high volumes of activity.   This includes those that 
arrive “in hours”. 

 
 
13. Making use of Patient Groups 
 

Formal links with patient organisations are part of the criteria on which the 
National Sentinel Audit judges successful units.  Manchester funded the 
production of education and training programmes by its patient support groups 
and detailed patient group involvement throughout the reconfiguration of the 
Manchester service. 

 
 
14. Acute Care is Not the Only Focus 
 

As shown by Figure 14 below, acute care is only one part of the stroke care 
pathway that begins with prevention and ends with palliative care. 

 
 

Figure 14: The Context of Stroke Care 
 

 
Source: Leatherman, Sutherland, Airoldi (2008) 

 

Airoldi et al’s 2011 working paper considered six interventions to reduce the 

burden of disease (BoD) from stroke, which are detailed in Figure 15. They 

found that each produced significant gains in quality-adjusted of life years 

(QALYs) but concluded that prevention (Figure 16) would cause a greater 

reduction in the burden of stroke than acute care intervention.  
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Figure 15: How Alternative Interventions Reduce the Burden of Disease 

 

Figure 16: Gains in Quality-Adjusted Life Years from Prevention 

 

 

Source: Airoldi et al 2011 
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“Assuming that all people above the age of 55 were to take a first line anti-
hypertensive, the burden can be reduced by about 14%. If the new prescribing 
were limited to hypertensive people 7% of the burden would be avoided. A 
public health intervention to reduce the daily intake of salt (sodium) by 30% as 
proposed by the target set by the Food Standard Agency in England would 
reduce the burden by 18% (Airoldi 2011 p3). 

 
The National Audit Office’s report “Progress in Improving Stroke Care‟ (2010) 
agreed: “The best way of improving the value for money of stroke care is by 
preventing strokes from occurring. Reducing stroke incidence requires 
managing the risk factors common to all vascular disease including high blood 
pressure and cholesterol, smoking, unhealthy diet and lack of exercise.” 

  
The same report looked at long-term care after stroke and contrasted its poor 
quality with the improvements being seen in the first 72 hours of acute care.  
The National Stroke Strategy (2007) states that people who have had a stroke, 
and their carers, should be offered primary care reviews at six weeks and six 
months after discharge. Yet at the start of 2014, less than a sixth of patients in 
England and Wales had received the six months assessment (BMJ 2014 
looking at SNAPP audit Jan-March 2014).  Arguably, prevention and aftercare 
are both areas that could benefit from the same reform being seen in acute 
care. 

  
The evidence from Greater Manchester, however, was that reconfiguring the 
hyper-acute practice itself drove up standards across the entire stroke pathway.  
This included inpatient rehabilitation, early supported discharge and long-term 
community rehabilitation.  Early stroke discharge (ESD) had to improve in order 
to move patients through the pathway to free up beds. It was a win/win 
situation.  Manchester’s plans for further redesign proposed keeping patients 
for slightly longer at the hyper-acute centre if this would enable them to be 
safely discharged home with early support discharge service, though ESD was 
a complex process. 

 
Clinical Commissioning Groups in Manchester were asked to assess their 
rehabilitation services (both inpatient and community) against the stroke unit 
specification to maximise the benefits throughout the pathway.  Excellent 
inpatient rehabilitation was judged to be critical to the gains seen from the 
reconfiguration of the Greater Manchester Integrated Stroke Service. Whilst the 
hyper-acute component had been the driving force for change, the other 
elements of the pathway were found to be of equal importance.   On the other 
hand, Kwan J 2007 quoted a Cochrane systematic review which concluded that 
it was not rehabilitation that made a difference to outcomes, but the use of 
acute care pathways. 

  
The following table suggests the United Kingdom needs to look further than 

hyper-acute stroke units.  The UK has some of the highest thrombolysis rates 

international but performs poorly on international stroke overall (Figure 17: 

Monitor Evidence Report 2014).   
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Figure 17: 

Source: 

Monitor Evidence Report 2014 

 
 
15. Conclusion 
 

Reducing Burden of Disease from stroke requires systematic interventions at 
population level across all parts of the care pathway including primary 
prevention and post stroke rehabilitation.  

 
 

The available evidence suggests that stroke units are both clinically and cost 
effective because of a combination of care provided, of which thrombolysis in 
the first 4.5 hours is a part. However, these outcomes (reducing death, length 
of hospital stay and improved quality adjusted life gained) tend to be achievable 
when appropriate and optimum standards of care are provided through 
continuous monitoring. This includes timely assessment of individuals with 
strokes who then are able to receive appropriate intervention such as 
administration of thrombolysis and assessment of their specific needs. 

 
 

The evidence also highlights that in order to get best clinical outcomes it is 
important that along with HASUs there is a supportive infrastructure of sub-
acute stroke units (such as multidisciplinary team assessment, speech and 
language therapy, occupational therapy and physiotherapy) and after hospital 
care for individuals.  

 
Clinical Commissioning Groups as the commissioners of acute care across 
Kent and Medway need to take urgent action to improve auditable clinical 
indicators such as timeliness of scans, thrombolysis intervention, 
multidisciplinary assessment and input, etc. Evidence suggests that these 
indicators can be improved through Hyper-acute Stroke Units where the 
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expertise and access to necessary infrastructure such as scanning facility and 
care be centralised.  Although organised (stroke unit) care can increase the 
chances of stroke patients surviving, returning home and regaining 
independence, the role of peripatetic mobile stroke teams has been unclear 
(systematic review, Langhorne et al 2005).  Therefore, local priorities of 
reconfiguration should take into consideration, travel times to a HASU.  

 
However, to decide the location of HASUs across Kent and Medway, due to 
dispersed population in rural locations, door to needle time will need to be 
modelled before the site specific decisions can be made. CCGs will need to be 
mindful that ambulance times were only one of several factors affecting door to 
needle times in local hospitals. It is important that decision around HASUs also 
take into account experience of teams, process for implementation of protocols 
as these would also affect performance and clinical outcomes. 
 
Although the prevention of stroke is outside the scope of Kent and Medway 
Programme Review Board, the literature clearly suggests that at population 
level, prevention of stroke is the best option. It is recommended that this should 
be consider by the Stroke Review Programme Board Members and progressed 
through CCGs at a local level. Therefore, in addition to commissioning of acute 
care, CCGs will need to ensure that public health interventions are optimally 
implemented, these include control of high blood pressure, reduced salt 
consumption, cholesterol, smoking, unhealthy diet and optimal participation in 
the NHS health checks programme.  
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