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Three main stroke types
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“rapidly developing clinical signs of focal (or global) disturbance of cerebral function, with symptoms lasting 24 hours 
or longer or leading to death, with no apparent cause other than of vascular origin



Key facts



What causes stroke?

Lancet 2016;388, 761-775



What causes ischaemic stroke?

Adapted from Hart et al. Lancet Neurology. https://doi.org/10.1016/S1474-4422(13)70310-7

https://doi.org/10.1016/S1474-4422(13)70310-7


How do we treat strokes?
• Reperfusion therapy

• Neurosurgery

• Stroke unit care

• Prevent complications

• Prevent recurrence

• Rehabilitation



What happens to people after 
stroke?



Figure 3 

The Lancet Neurology 2015 14, 903-913

Recurrence rates

Amarenco et al, NEJM 2016;374:1533-42.



Mortality After Stroke in Scotland

Scottish Stroke Care Audit data 2019



Home Time After Stroke in Scotland

Scottish Stroke Care Audit data 2019



Outcome by stroke subtype

Ntaios et al. Stroke 2015



Cognitive problems after stroke

https://doi.org/10.1016/S1474-4422(18)30442-3

https://doi.org/10.1016/S1474-4422(18)30442-3


https://doi.org/10.1016/S1474-4422(18)30442-3

Cognitive problems after stroke

https://doi.org/10.1016/S1474-4422(18)30442-3


Anxiety after stroke

Chun et al. Stroke. 2018;49:556–564



Importance of post stroke anxiety

Chun et al. Stroke. 2018;49:556–564



Summary
• Most people survive stroke
• Most people are independent but there are major other major issues

– High rates of cognitive impairment
– High rates of anxiety

• TIA is a high risk condition with high early recurrence rate
– ½ of recurrent events are in first year

• Recurrence rate is aetiology specific
– 10 year recurrence rate varies from 10 to 25%



So how do we stop second 
strokes??



Prevention of recurrent stroke

Adapted from Hart et al. Lancet Neurology. https://doi.org/10.1016/S1474-4422(13)70310-7
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So what’s new???



Better patient selection

http://www.i-rapid.com/products-ctp



How good is thrombectomy?

Goyal et al. https://doi.org/10.1016/S0140-6736(16)00163-X



So where are we in the UK?

https://nationalgeographic.com/ https://bsnr.org.uk/



North Tyneside General Hospital 
(Northumbria Healthcare NHS 
Foundation Trust)  
237 participants

Queen’s Hospital, 
Romford
(Barking, Havering and 
Redbridge University 
Hospitals NHS Trust)
194 participants

Queen Elizabeth Hospital, 
Glasgow
(NHS Greater Glasgow and 
Clyde)
222 participants

Northwick Park Hospital
(London Northwest Healthcare 
NHS Trust)
117 participants

Study centres 
opened in April 
2014

Study centre 
opened in April 
2015

• 770 participants randomised between April 2014 to April 2018

Lancet 2019, http://dx.doi.org/10.1016/ S0140-6736(19)31055-4



Primary outcome: ARAT “success”

Lancet 2019, http://dx.doi.org/10.1016/ S0140-6736(19)31055-4



Upper limb function: ARAT

Lancet 2019, http://dx.doi.org/10.1016/ S0140-6736(19)31055-4



Upper limb impairment: FMA

Lancet 2019, http://dx.doi.org/10.1016/ S0140-6736(19)31055-4



Activities of daily living: Barthel ADL

Lancet 2019, http://dx.doi.org/10.1016/ S0140-6736(19)31055-4



Cost effectiveness

Lancet 2019, http://dx.doi.org/10.1016/ S0140-6736(19)31055-4
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VNS – potential neuroplastic treatment

Takahashi CD et al. Brain. 2008;131:425-437



VNS treatment protocols

At-Home Therapy
Once the patient has completed the In-Clinic Therapy

Patient initiate the Paired VNS
The physician or therapist will direct the patient to swipe the magnet over their IPG 

implant site to initiate a 30-minute session of stimulation

30-minute session of VNS + rehab tasks daily
After swiping the magnet, the patient should do the rehabilitation tasks that were 

assigned by the physician or therapist and should continue to do them for 30 minutes.

(Automatic deliver of 0.5 sec of VNS every 7 seconds).

In Clinic Therapy

6-weeks paired VNS

0.5 second, 0.8mA stimulation given per 
movement (0.0 mA in controls)

Approx. 400 stimulations per session



First clinical study

- 20 participant  study

- PROBE design

- 11 non-implant Controls

- 9 Implanted Active Therapy

- ITT Analysis

- 5.7 pt difference; 95% CI: -0.4, 11.8

- Per-Protocol Analysis

- 6.5 pt difference; 95% CI; 0.4, 12.6

- Responder rate: 

- 75% VNS vs. 38% Controls

- Feasible, moving forward justified

Stroke. 2016;47:143-50. doi: 10.1161/STROKEAHA.115.010477



Second clinical study
22 participants assessed, consented, 

enrolled
3 investigator excluded (poor surgical 

candidates)

2 self exclusion (time and surgery 

concerns)
17 Subjects Implanted and 

Randomized

8 in VNS 

Group
9 in Control 

Group

8 Per Protocol

VNS Group

8 Per Protocol

Control Group

1 eligibility exclusion 

(poor sensory function)

Stroke. 2018;49:2789-92. https://doi.org/10.1161/STROKEAHA.118.022279
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Δ = 0.32 (0.32) in VNS

Δ = 0.01 (0.15) in controls





Summary
• Mechanical thrombectomy is a sea change in stroke care

– Scotland has a long way to go

• Robotic therapy was disappointing

• We can deliver effective rehab in people’s homes

• So far drugs have failed to improve rehabilitation outcomes

• Other pro-neuroplastic therapies appear promising
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