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1. Intr oduction 
This paper discusses the current national communications and risk 
estimation/decision tools that are being used in relation to rt-PA treatment of acute 
ischaemic stroke and whether there is a need for further materials to aid either 
clinical decision making or patient understanding of the benefits and risks of rt-PA 
treatment.  This paper does not address formal risk minimisation measures, which 
form part of the marketing authorisation – these are considered in paper 8. 

 

2. P atient perspectives on risks, decision making and 
communication 

Rt-PA treatment for acute ischaemic stroke is associated with both benefits and risks 
– in particular the risk of sICH, which in some cases is fatal.  As a result of the 
potentially serious side effects of treatment and conversely the potentially severe 
impact of stroke, it is particularly important that the patient’s perspective on rt-PA 
treatment is considered.   

Viewpoints of elderly individuals (not in a treatment situation): 

Koops and Lindley (2002) investigated lay-person attitudes towards the potential 
risks and benefits of rt-PA treatment for acute ischaemic stroke as part of the design 
process for the IST-3 trial.  The focus-group study was used to inform trial consent 
procedure in order to develop an ethical trial design.  Consent to the trial was 
inherently complicated by the nature of the condition (patients with acute stroke may 
be unable to participate in discussions about treatment options), and the urgency of 
the situation as treatment must be administered as quickly as possible.  Koops and 
Lindley describe three phases of work, a consultation phase, focus group work and 
development of the consent procedure and information leaflets.   

The consultation phase included three routine meetings of older people, and 
provided a general talk about stroke and a discussion on thrombolytic treatment.  The 
authors used the latest meta-analysis of the time to illustrate the potential risks and 
benefits of treatment, and a simple questionnaire to gather opinions. 

A total of 54 people attended the three meetings, three of whom had had a stroke, 
and most knew someone who had had one (39/53, 74%).  Four out of 47 (9%) of the 
participants thought the risks of thrombolysis to be too great, but the majority (42/47, 
89%) stated that they would be willing to accept the risks of treatment in a clinical 
trial.  41/48 (85%) of respondents said they would consent to a randomised 
controlled trial if they had a stroke tomorrow. 

Two focus group meetings were then conducted, one consisting of 9 volunteers from 
the first meetings, with discussion on the initial draft of the information sheet about 
the trial; the second included new volunteers (10 older individuals and one younger 
facilitator), and discussed the ethical issues surrounding consent for stroke trials.  
The participants were aware of the consequences of stroke, and generally 
recognised the need for clinical trials of treatments. 

Comments were made regarding the risk of fatal ICH, including that 4 in 100 was a 
very small risk compared to living a ‘vegetable life’, that being older they felt they had 
nothing to lose and that quality of life was what matters.  However one person 
considered that it was not reasonable to test a treatment on 80 year olds, and 
another that they would not want to sacrifice one life to save their own.  There was a 
discussion about the maximum average risk they would be prepared to accept for a 
treatment that may prevent disability and a risk of up to 20% of immediate death was 
considered reasonable. 
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There were also discussions about providing consent, and unanimous opinion that 
next of kin were appropriate people to decide on treatment in the event that the 
patient was unable to communicate.  However, there were some concerns expressed 
about the consequences in the case of a bad outcome and feelings of guilt by family 
members.  In the situation where next of kin could not be contacted, assent by the 
doctor was considered a potential alternative, although problems were identified with 
this strategy including that ‘there are foolish people in every profession’, and the 
possibility that people with no next of kin may be deliberately chosen because they 
have no-one to speak up for them, i.e. potential for abuse.  The difficulties of the 
situation were recognised, with one suggested solution being of an advance 
directive, or cards that people could carry to indicate that they would consent to 
emergency treatment as part of a randomised trial.  Overall the concept of informed 
consent was considered to be appropriate, given that people will have different 
perceptions. 

The information from these two phases was used to design a strategy for the consent 
procedure and to revise the information leaflets (which were then further revised 
following comments from six patients and carers).  The leaflets were amended to 
remove descriptors such as ‘large’, ‘small’ and ‘massive’ with percentages or 
proportions used instead.  The consent procedure was staged as follows: 

1) Patient able to sign consent form;  
2) Patient able to provide verbal consent that could be witnessed;  
3) Assent by a relative for patients unable to give consent themselves;  
4) Waiver of consent, following strict guidelines from the US. 

 

Viewpoints of stroke patients, their families and clinicians  

Reflections shortly after stroke: 

Murtagh et al (2012) conducted interviews with patients, their families and their 
clinicians in order to better understand the difficulties associated with providing 
patients and their families with appropriate knowledge at the time of acute stroke and 
decision making around treatment with rt-PA, in order to help inform development of 
decision support.  The study was conducted in three stroke units located in north east 
England. 

In general, together with the expectation that the evidence underlying medical 
treatments should be explained effectively to patients/their families, is the expectation 
that clinicians should involve patients in the decisions that relate to their treatment –
shared decision making, which is considered to promote ethical practice.  However, 
as described by Murtagh et al, it should also be considered that it cannot be 
assumed that shared decision making will always be appropriate in all situations and 
contexts.  The situation of acute ischaemic stroke and rt-PA treatment presents 
particular challenges both in terms of the time pressure on making the treatment 
decision and the difficulties in information comprehension, both in the case of the 
patient who may be cognitively compromised and is likely also to be in shock and in 
the case of the patient’s family who will likely similarly be suffering from emotional 
shock. 

Murtagh et al conducted 58 interviews involving 62 participants, either as individuals 
or in groups.  23 of the interviews were with clinicians, and 35 were with patients 
and/or family.  The interviews were conducted 7 +/-2 days after the stroke event, and 
patients were interviewed if their clinician considered they had capacity for decision 
making at the time of the treatment and the interview.  The study was described as a 
purposefully selected sample (i.e. patients, family and clinicians) with data collected 
until themic/theoretical saturation (i.e. the point when no new themes or ideas are 
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forthcoming).  As a result, the sample can be considered to be representative of the 
relevant population, but does not provide any information on the proportion of 
patients/family/clinicians in the wider population who hold the same views.   

The interviews were semi-structured and covered: engagement in decision making 
and information provision in general and specifically on rt-PA; availability, 
appropriateness and preferences for information provision, including type and format; 
and factors important to decisions about rt-PA treatment in the emergency setting. 

The main points recorded were as follows: 

Decision making as to whether to receive rt-PA or not: 

 The time pressure is such that decisions have to be made almost instantly, 
within minutes, family and clinicians alike commented on this. 

 Stroke patients often have difficulties with attention, concentration and 
memory so understanding and retaining information is problematic, and in 
addition there is the immediate shock and trauma. 

 Some patients reported preferring their family to support decision making, or 
to make a decision on their behalf. 

 Some family members reported their own capacity to make decisions was 
impaired by the situation. 

 Most patients, but not all, reported that they could not remember immediate 
post-stroke events, or information provided at that time. 

Relationships and trust: 

 Patients and family reported a reliance on their doctor for guidance in their 
decision-making over rt-PA treatment. 

 However, patients/family did not want a paternalistic approach – they 
expected the interactions with healthcare professionals to be respectful and 
non-patronising.   

 Clinicians also reported patient preference for the decision to rest with the 
doctor or to at least be guided by the doctor. 

 Clinicians reported the importance of conveying hope and reassurance in 
order to reduce anxiety. 

 These interactions built the trust of patients/families, and it was reported that 
stress and confusion was reduced by the provision of information about what 
was happening, the processes and procedures, as well as risk information 
about treatments. 

Murtagh et al then describe the four strategies used by clinicians to deal with the 
conflicting issues of: the lack of time vs. the need for reflection, reduced capacity for 
taking in/understanding information vs. desire to be informed, and reliance on 
clinician’s expertise vs. expectation that patient/family views are accounted for. 

1. Face-to-face communication: 
Patients and family needed reassurance from healthcare professionals and 
this trust relationship was reported to be key to the decision making process.  
Patients and family generally had a strong preference for face-to-face 
interactions, as opposed to written information which most reported to be not 
possible to absorb under the circumstances.   
Clinicians also generally preferred verbal communications because it allowed 
the information to be tailored to individual patients.  Some clinicians had 
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considered the utility of written information sheets and concluded that it would 
not add value because they would rather the patient/family listened to what 
they were saying. 
However another clinician viewpoint was that a written sheet, to be taken 
away, can help to convey honesty and openness: ‘here it is in black and 
white’.  Also it was recognised by clinicians and patients/family that for some 
people written information can be helpful and is preferred, or at least they 
would like to have been able to take something away. 
Some participants also suggested that prior knowledge could have helped, 
given the time pressures, i.e. prior to an acute stroke event, general 
awareness in the population particularly in people at risk of stroke should be 
increased. 
Another suggestion that was made in response to the question as to other 
possible sources of support was that having a person to help translate the 
information and offer support and reassurance could have helped. 

2. Shaping decisions: 
Clinicians reported shaping the ‘right decision’ for the patient, and 
patients/family appreciated this – finding attempts by clinicians to give 
information from a neutral position as unhelpful.  Clinician confidence in their 
advice was valued; the patient did not wish the decision to be delegated 
entirely to them.  Clinicians ‘leading’ the patient decision in this manner were 
viewed by the patient as ‘informing and involving’. 
Clinicians also highlighted the importance of giving reassurance and hope in 
order to reduce anxiety, which improves patient state of mind for absorbing 
information and making decisions, as well as potentially reducing high blood 
pressure. 

3. Making time: 
Decision making was found to be a process rather than an event, even 
though the time available was so limited.  Clinicians generally reported that 
they provided information in an incremental manner, as knowledge of the 
patient’s state developed.  Timing of information on rt-PA varied, some 
clinicians reporting early discussion of treatment, others delaying this until 
scan results were available – to avoid raising expectations.   
Clinicians reported that information was repeated more than once in different 
ways, and spread out so that it could sink in.  Gradually building up 
information content and complexity helped patients/family take in more 
information and was thought to build trust and confidence. 

4. Tailoring communication: 
Clinicians reported explaining risks not as fixed facts but communicating them 
in terms of how they applied to the specific individual.  The patient’s clinical 
status was also a driving factor in the level of discussion with the patient.  In 
most cases, the starting point was explaining what a stroke is, the effects of 
stroke and what was likely to happen. 
Clinicians used more than one mode of information provision, which was 
thought to have more chance of succeeding, as well as the use of lay-friendly 
terms.  It was reported that risks in terms of e.g. 1 in 20 rather than use of 
percentages were generally better understood, but that usually both ways 
were used. 
In one stroke centre, clinicians reported that they had prepared standardised 
risk information, which they then tailor to the individual patient.  

Murtagh et al also report that there was some disconnect between the information 
that patients and family wanted to hear and the information provided by clinicians.  
Patients/families were most interested in prognosis and likely outcomes, particularly 
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social outcomes, and although clinicians recognised this context, they focussed more 
on the communications of risks relating to rt-PA and the risks and benefits of 
treatment options. 

The use of qualitative research enabled an in-depth review of complicated aspects of 
the interaction between clinicians and patients/families during a difficult emergency 
medical situation.  However, the main limitation of this study was that the researchers 
did not witness the events and therefore they cannot provide any observation of 
practice itself.   

The authors also note that by interviewing participants about their experience can 
result in absences of information, for example whilst written information was 
generally considered less helpful than verbal communications in the emergency 
setting, it is not possible to say from this whether there may be other forms of 
materials that may be helpful.  The question content may also have influenced the 
responses, for example the apparent disconnect between the information desired by 
patients/families and that provided by clinicians may have been partly due to the 
phrasing of the questions as clinicians were asked for information required for 
treatment decisions.  However, it is also noted that clinicians are obliged to take 
account of treatment guidelines and therefore to present the risks and benefits of 
treatment is a key responsibility, so it is likely that some disconnect is bound to exist.  
Finally the authors also raise the issue that whilst the information provided to patients 
was individualised and tailored to each, the variation in practice could introduce 
inaccuracies in the translation of evidence on benefits and risks, and there appeared 
to be no formal training in practical risk communications.   

 

Reflections and observations of events shortly after stroke: 

This ethnographic study of stroke was conducted by Cluckie (see annex 1), and had 
three aims: a) to explore how patients, carers and clinicians experience their 
involvement in thrombolysis, b) to explore how risk and uncertainty are experienced 
and managed in practice and c) to explore how sociological perspectives on risk and 
uncertainty help to understand these experiences. 

The study was conducted in four London hyper-acute stroke units over the course of 
a year, and involved 300 hours of observation and 34 interviews with patients (n=14), 
carers (n=7) and clinicians (n=13).  A total of 127 potential thrombolysis cases were 
observed, out of which 46 patients were considered suitable for thrombolysis.  
Exclusion of cases occurred where the patient had a non-stroke diagnosis, an 
unknown time of onset of stroke, or other co-morbidity/co-medication. 

The interviewed patients were aged from 50-86, and had a full range of outcomes, 
and the carers were all spouses or children of the patients.  The interviewed 
clinicians included both nursing and medical staff, with thrombolysis experience from 
none to 10 years. 

Clinicians were found to use rational strategies – statistics, calculation and 
measurement, to manage uncertainty in thrombolysis.  Their communications with 
patients used risk and benefit ratios and percentages.  One clinician noted a pictorial 
representation of risks of thrombolysis however this was not observed being used in 
clinical practice. 

Provision of statistical information on thrombolysis risks by clinicians was not always 
found to be easy, and often there was uncertainty about how population probabilities 
from clinical trials could then be applied to individuals.  Some clinicians reported 
using probabilities from particular randomised controlled trials e.g. NINDS, whilst 
others stated that they try to personalise the risks where they were likely higher or 
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lower e.g. patients with relative contraindications to treatment.  The clinicians also 
described the challenges with communicating information to patients with 
impairments due to stroke, and the effects of the anxiety and stress on a patient’s 
ability to comprehend. 

Despite the difficulties, clinicians did not describe strategies such as trust, confidence 
and faith to deal with uncertainty, instead relying on rational (calculation, statistics) 
strategies.   

Patients/carers consistently reported the sudden, unexpected, emergency nature of 
the situation and the significant stress and upheaval.  Only 1 patient interviewed had 
good recall of the discussion of risks and benefits of thrombolysis, however this 
patient was later determined to have non-organic stroke and to have been admitted 
to several stroke units in the preceding month – therefore knowledge may have been 
acquired during other admissions.  Two patients had no memory of receiving 
thrombolysis, whilst 2 patients knew they had received a treatment, one recalled that 
this was to prevent deterioration of their symptoms but that there was a risk of 
bleeding whilst the other understood that the treatment was to improve their 
symptoms and that the effects would be apparent between 1 hour and 30 days later.  
The other patients recalled having a discussion but not the content of the discussion, 
although they remembered the staff member to be ‘very good’ or ‘very caring’.  They 
also remembered the environment as busy/noisy, the speed of the response, and the 
CT scan. 

Carers had some understanding of thrombolysis, and 4 were able to remember that it 
was a treatment to unblock a blood vessel.  The other carers could only recall that it 
was a treatment to help their relative.  None of the carers could provide information 
on likely risks and benefits of treatment. 

Unlike the clinicians, patients and carers consistently reported that trust, confidence 
and hope were important in the consideration of thrombolysis treatment.  This trust 
was developed by the communications with the clinicians, as well as other factors 
such as being met by a large team of experts, speed of brain scan, non-verbal 
communication such as eye contact and implicit trust in the healthcare 
system/doctors.  In two cases, the patient stated that they did not trust their clinician, 
due to them not explaining what was happening, rushing them and not making eye 
contact.  Reports of trust or confidence did not differ depending upon patient 
recovery. 

Patients/carers did not express a desire to be involved in decisions about treatment 
with rt-PA, with carers considering that it was not reasonable to ask them to be 
involved in decisions about thrombolysis, and it was unfair to be asked to make such 
a crucial decision (instead they deferred to the judgement of the doctor).   

Overall, Cluckie concludes that there is a discrepancy between patients/carers and 
clinicians, with clinicians mainly using rational strategies of risk probabilities despite 
their knowledge of their limitations, and perhaps not giving enough attention to the 
development of trust and confidence – found to be important to patients/carers.  
Observation of clinical practice found that rational strategies and risk probabilities 
were used more than was reported in interviews conducted by Murtagh et al, and that 
in the emergency situation of stroke, patients/carers generally defer to clinicians for 
decisions, relying on strategies such as trust.  The author therefore considers that the 
challenge is for clinicians to adapt their communication to take account of the 
patient/carer needs and approaches to the situation, but whilst also operating in a 
healthcare system focussed on patient involvement and informed consent.   
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2.1 Disc ussion 
These three qualitative studies provide different but complementary information on 
patient/family and clinician perspectives of thrombolysis, acceptability of risk, 
communications and decision making. 

The patients included in the investigation by Koops and Lindley were elderly patients, 
a subgroup of particular relevance to the design and conduct of the IST-3 trial, and of 
general relevance given the increasing risk of stroke with age.  Although the study 
groups were relatively small, they provide an interesting insight into attitudes of 
people who were not (yet) stroke patients, and therefore they were able to provide 
their views without having the time pressure or anxiety of an emergency medical 
situation.  The majority of people contributing to the groups were accepting of the risk 
of sICH/fatal ICH, and stated that they would be willing to undergo thrombolysis.  The 
participants, perhaps partly as a function of their older age, expressed the view that 
quality of life was the most important thing and that they had little to lose by taking 
the risk of treatment.  

Issues surrounding consent to treatment and inclusion in clinical trials for acute 
stroke were also discussed in the context of the IST-3 trial and although problems 
were identified the general conclusion was that informed consent was important, and 
that if the patient could not give it themselves, then the next of kin were appropriate 
and failing that, the doctor.  An interesting suggestion to help with the issues of 
consent where patients were not in a position to provide this was the concept of an 
advanced directive, or cards for people to carry to indicate if they would consent to 
emergency treatment as part of a randomised trial. 

The study by Murtagh et al provides detailed information on patients/families and 
clinicians viewpoints from the perspective of recent (approximately 1 week) stroke.  
Murtagh et al clearly describe the difficulties and barriers to effective communications 
and shared decision making which are characteristic of the emergency situation of 
acute ischaemic stroke.  Murtagh et al then describe the strategies that clinicians say 
they use to deal with the conflicting issues (lack of time vs. the need for reflection, 
reduced capacity for taking in/understanding information vs. desire to be informed, 
and reliance on clinician’s expertise vs. expectation that patient/family views are 
accounted for).  Murtagh et al also recognise that the focus of the information 
provision by clinicians may not be the same as the desired focus of the patient/family.  

The study by Cluckie adds a further dimension to our understanding of the 
interactions between patients/carers and clinicians, as it includes observation of 
actual clinical practice during the treatment of acute ischaemic stroke, and the 
decision making process relating to rt-PA.  From these observations, Cluckie 
concludes that there is a greater disconnect between the style and information 
provided by clinicians (reliance on rational strategies of statistics) and that desired by 
the patient/carers (trust, confidence) than is recognised by Murtagh et al.  

2.2 Conclusion s 
Overall, the available information suggests that patients/families are generally 
accepting of the risk of sICH/fatal ICH, not only when presented with this decision in 
an emergency situation of acute stroke, but also when discussing this as currently 
healthy, elderly individuals.  The particular difficulties raised by the situation of acute 
ischaemic stroke are well recognised.  The overall impression from Murtagh et al and 
Cluckie is that the communications between clinicians and patients/families are 
relatively successful, particularly given the difficulties of the situation.  However there 
may be improvements that can be made, for example as commented by Cluckie – 
the disconnect between the focus of the clinician in providing information and the 
patient/family desire for a more trust-based interaction.  Murtagh and Cluckie both 
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observed that the recall of information provided at the time of the acute event was 
poor both by patients and families, and that both found it very difficult to absorb 
information and make decisions.  As a result patients and carers wanted to be guided 
towards a treatment decision by the clinician.  At the same time, the importance of 
informing and involving the patient/family in the events was reported.   

It may be that more can be done to improve the relationship between the clinician 
and patient/family by way of increasing trust and confidence, but this should not 
necessarily be achieved by reducing the information provided about the risks and 
benefits of rt-PA treatment as this is important information that would involve the 
patient/family – even if it is not retained later.  Trust and confidence may be built by 
ensuring that someone is fully explaining the situation to the patient/family, as well as 
ensuring other aspects of the interactions are optimised (for example two patients in 
the Cluckie study reported a lack of trust in their clinician because time was not spent 
on explaining the situation, they were rushed and did not give them eye contact).  
Some specific points regarding appropriate communications are highlighted as 
follows: 

 Verbal face-to-face discussion is the most important method of conveying 
information to patients/family.   

 There are difficulties with providing tailored, individualised information for 
each patient (dependent upon their baseline characteristics) – see later 
discussion on risk estimation tools. 

 Any written information specifically designed to aid decision making during 
the acute stroke event needs to be very concise and simple, and therefore 
probably pictorial/graphical in manner (percentages were reported to be 
difficult to understand).  This type of information may then be used by 
physicians as visual aids, if considered helpful, when the situation is being 
explained verbally to the patient/their relatives.      

 There may be a place for written information in the form of a leaflet, for most 
patients/families.  This is likely to be of greatest help after treatment as 
something they can take away and read later.     

 There may be a place for communications documents/leaflets that aim to 
educate members of the general public on stroke: risk factors, signs and 
symptoms, importance of seeking help as soon as possible, treatment options 
including thrombolysis and its risks and benefits.  Prior knowledge and 
understanding may be one possible way of slightly reducing the anxiety of the 
acute stroke situation, and aid the overall decision making process for 
patients and their relatives/carers.  This type of information could be provided 
at GP surgeries and pharmacies, for instance, and/or given to patients who 
present with TIA. 

3. Information resources currently available  
The information provided currently by the MAH consists only of the product 
information – the SmPC and PIL.  Therefore any information resources currently 
provided to patients/families will be local/regional/centre specific.   

A recent review by Flynn et al (2013) examined tools currently available to support 
patient understanding and decision making in the treatment of acute ischaemic 
stroke with rt-PA.  The authors identified tools from bibliographic databases, internet 
searches and a survey of UK and N. American stroke networks.  A total of 26 tools 
were identified, 14 of which were from the UK.  
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The tools were analysed to establish the information included on benefits and risks of 
thrombolysis, methods used to convey information (verbal descriptors, numerical and 
graphical), adherence to guidance on presenting outcome probabilities and 
information content, readability and whether a comprehensive development process 
was used in their creation. 

The tools that were included fell into four categories:  

1) brief decision aids: designed to guide clinical decision making about thrombolysis 
and/or involve patients/family in decision making (n=3);  

2) risk communication tools: primarily aimed to communicate probabilistic information 
to patients/family on benefits and risks of thrombolysis (n=5);  

3) patient information tools: primarily aimed at patients/family to help understanding 
of diagnosis, treatment and management but not to involve them in decision making 
(n=17);  

4) standardised information for clinicians: primarily designed to support clinicians 
when explaining benefits and risks of thrombolysis to patients/family (n=1). 

The stroke outcomes described in the tools and the methods used to present 
information are summarised in the following tables: 

 
Table: Acute stroke outcomes that are included in the tools [taken from Flynn et al, 2013] 

 

 
Table: Methods used to present probabilistic information [taken from Flynn et al, 2013] 

Readability of the patient information tools was assessed by the Fog index (total 
number of years in education needed to understand the text: 0.4x(mean sentence 
length [number of words divided by the number of sentences] + percentage of hard 
words), and found an aggregate median Fog index equivalent to 10 years of 
education (range 7 to 16) was required to understand the text.  The patient 
information tools were assessed for information content using standardised criteria 
(Picker Institute criteria), and overall were found to be deficient particularly in 
categories relating to descriptions of the condition, natural course of acute stroke 
without treatment, and acknowledgement of uncertainty. 

The assessment of the presentation of outcome probabilities found that most tools 
included probabilities for treatment options (25/26), specified the reference group 
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(25/26) and presented outcomes using frequencies (19/26).  Fewer included time 
horizons for outcome probabilities (10/26), outcome probabilities for treatment with 
and without thrombolysis using identical denominators and time horizons (7/26), 
acknowledgement of uncertainty (3/26), multiple methods of viewing probabilities 
(11/26) or satisfactorily addressed framing bias (8/26).  

Development process: 

The development process of the tools was assessed using a 6-item checklist based 
on the Medical Research Council Framework for Design and Evaluation of Complex 
Interventions, and on relevant items from the International Patient Decision Aid 
Standards Instrument (IPADSi).  None of the 26 tools fulfilled all 6 criteria: in 14/26 
sources of evidence were cited (mostly from RCTs), 3/26 showed evidence of 
development being informed by established theory or body of evidence, 3/26 had 
evident usability testing and 4/26 involved steering groups.  None of the tools 
provided evidence that studies had been used to understand the information needs 
of users or that the tool had been tested in a trial.  

 

3.1 Examples of information on thrombolysis provided to patients 
It is understood that a number of stroke centres do not currently have information 
sheets or other resources to provide to patients who are admitted with acute 
ischaemic stroke.  Other centres have locally produced information, which therefore 
varies both in terms of variety of content and the data on which benefits and risks are 
based.   

Examples of patient information sheets are shown in annex 2.  It is clear that a 
number of local areas/centres have made an effort to produce helpful information for 
patients on thrombolysis; however, there is considered to be significant variability in 
their quality.  As described by Flynn et al in their assessment of available information 
resources, there may be improvements that could be considered.  

For example: 

 Clearly separating information on benefits and risks   

 Clearer description of probabilistic outcomes with greater use of 
pictorial/graphical methods of displaying information [also giving consideration 
to appropriate use of colour e.g. for red-green colour blind patients] 

 Inclusion of information on both ICH and fatal ICH, with realistic explanations 
of the potential severity of a sICH.   

 Use of a common denominator to describe benefits and risks  

 Inclusion of clear comparable information on outcomes both with and without 
thrombolysis, including absolute values, and avoidance of frequency 
descriptors such as ‘small chance’ 

 Careful use of graphics/pictures ensuring they do not inadvertently portray 
any unintended message 

  

One of the leaflets has been specifically designed to include some sections to remind 
the patient/family of information that the doctor has told them about rt-PA, with the 
final section to help with the immediate decision of whether to receive rt-PA.  This 
approach may be helpful to patients/families, and some patients/families have 
suggested in the qualitative studies that having written information to take away with 
them would be helpful.   
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3.2 Examples of patient decision aids in other medical areas 
An example of a patient decision aid for a different medical area is the NICE patient 
decision aid on ‘Atrial fibrillation: medicines to help reduce your risk of a stroke – 
what are the options?’.  This is available at 
https://www.nice.org.uk/guidance/cg180/resources/cg180-atrial-fibrillation-update-
patient-decision-aid  

This decision aid presents information based on the NICE guideline on atrial 
fibrillation.  It explains what atrial fibrillation is, how it can lead to stroke and the 
consequences of stroke.  The aid gives details of other organisations that can 
provide more information and support to patients with atrial fibrillation.  The decision 
aid then explains the option to take an anticoagulant or not, and the consequent risk 
of major bleeding including haemorrhagic stroke.  It includes information on what 
NICE recommends for people with atrial fibrillation, and explains the uncertainty 
around treatment decisions, that it is not possible to predict what will happen to any 
single individual.  The guide then prompts the patient to consider a number of 
frequently asked questions and the relevant answers for taking no treatment, taking 
warfarin and taking a new oral anticoagulant.   

The final section of the decision aid provides graphical/pictorial representations of the 
risk of the stroke in patients with atrial fibrillation with different CHA2DS2-VASc 
scores, and the effects of anticoagulation on their risk.  A separate set of 
graphical/pictorial figures provides the risk of bleeding in patients with different HAS-
BLED scores, and the effect of anticoagulation on this risk.  All of the figures are 
presented using two formats- horizontal bar charts and pictorial dot plots.   

The patient decision aid for atrial fibrillation is comprehensive – covering 36 A4 
pages, as it is designed for patients who are making a long term decision on 
medication, a decision for which they have a minimum of a few days to make.  This is 
a very different situation to the decision on whether to accept thrombolysis treatment 
for acute ischaemic stroke, which must be made within minutes.  However, there are 
elements that may be helpful to consider – for example in the context of visual aids to 
help decision making in an emergency context, the graphical/pictorial representations 
of risk may be helpful examples.      

The NICE patient decision aid on atrial fibrillation may also provide helpful 
suggestions for the development of any written guides that might be given to 
patients/families to take away for future reference, or to provide to the general public 
as educational tools prior to any event of stroke.  For example the concept of 
uncertainty with treatment is well explained in this decision aid. 

A second example of NICE patient decision aids is that provided on ‘Taking a statin 
to reduce the risk of coronary heart disease and stroke’, which can be found at: 
https://www.nice.org.uk/guidance/cg181/resources/cg181-lipid-modification-update-
patient-decision-aid2.  Similarly to the atrial fibrillation decision aid, this is a 
comprehensive document designed to help patients make a long term decision on 
medication, a decision on which they can take some time.  It follows a similar format, 
with background information on coronary heart disease and stroke, and lifestyle 
choices that should be made to reduce risk.  It includes a question and answer 
section on commonly raised issues, and concludes with similar graphical/pictorial 
representations of the benefits of taking a statin, followed by representations of the 
risk of development of diabetes.  

The NICE decision aids are also provided with a User Guide for healthcare 
professionals, which explains the scope of the decision aid, the source of the data 
quoted and its limitations and information on how to use the decision aid, for example 
explaining the difference between relative and absolute risk.  This type of guide may 
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be a valuable tool for clinicians treating stroke patients, to aid them in their 
communication of benefits and risks to patients/families and potentially to support the 
translation of overall balance of benefits and risks to an individual’s particular 
situation. 

 

3.3 Disc ussion 
The review by Flynn et al (2013) provides a comprehensive assessment of the 
different tools that are currently in use for the purposes of information provision and 
decision making in relation to treatment of acute ischaemic stroke with rt-PA.  The 
tools that Flynn et al identified were from the UK, USA and Canada.  Most of the 
tools identified from the UK were classified as patient information tools (n=11), two 
were risk communication tools and one was standardised information for clinicians.  
Whilst the current review is focussed on measures to enhance patient safety in the 
UK, examination of information resources from any source reveals many similarities 
of approach but also provides some ideas that should help to improve the 
development of UK specific information. 

The majority of tools identified by Flynn et al were found to have limitations.  For 
example whilst most used frequencies to explain probabilistic information on 
outcomes, the majority also used verbal descriptors and percentages which cause 
problems with understanding and interpretation (Thomson et al, 2005; Gigerenzer 
and Galesic, 2012).  Compounding this issue, the authors found that many tools only 
presented frequencies for a good outcome, using verbal descriptors/percentages for 
adverse outcomes; furthermore, outcomes with and without rt-PA were often not 
compared, or did not use the same denominators/time horizons.   

The development process of the tools identified by Flynn et al was generally found to 
be lacking – as might be expected given the limitations identified with the tools 
themselves.  The majority were developed without being informed by theory or by 
patients/family/clinicians, and they were also not tested in a clinical setting.  However 
the authors acknowledge that one of the weaknesses of their assessment was that 
there may be unpublished information on the development processes for the tools.  
The authors recommend that development of tools should use a structured process, 
so that they: i) identify the views and perspectives of clinicians, patients/families 
about treatment decision-making on available options (e.g. using in-depth interviews 
or focus groups), ii) understand the complexities of the target clinical setting, which 
may help to shape decision-making, and iii) understand use of tools in practice 
(usability testing outside, and then testing in the actual clinical setting). 

Examples of patient information sheets on thrombolysis have been provided in annex 
2.  These examples illustrate some of the limitations discussed by Flynn et al, as well 
as providing some useful material.  In addition, NICE has generated patient decision 
aids, for example for patients with atrial fibrillation and for those considering statin 
treatment.  Whilst these decision aids have been produced for a different scenario – 
a different medical issue and importantly a different situation (non-emergency and 
therefore allowing much longer for a decision to be made), they may provide helpful 
suggestions for generating thrombolysis decision aids.  For example the 
graphical/pictorial representations of benefits and risks, and type of information 
included (for leaflets designed to be taken away by patients/family or provided for the 
general public).  In addition the user guide for healthcare professionals gives helpful 
insight into the development of the decision aid and its optimum use. 
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3.4 Conclusion s 
The available information on current tools for information provision and decision 
support for acute ischaemic stroke patients considering rt-PA treatment suggests that 
further efforts to refine the currently available tools may be beneficial.  As any 
information provision outside of the formal product information (SmPC, PIL) is 
currently local/centre specific, there are likely to be variations in the information 
presented and its quality, as well as variations in the readability/suitability of the 
materials.  National provision of standardised information resources could be 
implemented, which would then be available to clinicians/centres to use as they see 
fit.  One possibility that might be explored would be the generation of information 
resources in conjunction with the guideline authors (RCP), and if so, the resources 
might then be annexed in the stroke guidelines as a method of achieving wide-
spread awareness of these documents.   

A number of points are noted regarding the content and development of information 
resources: 

 Information resources (written or provided electronically) will provide generic 
risk and benefit information, which will not necessarily apply to individual 
patients in routine practice.  This emphasises the importance of 
interactions/discussion between the patient/family and the clinician.  It may 
also be possible to provide more nuanced information for some subgroups of 
patients, similar to the information provided for patients with different 
CHA2DS2-VASc scores in the atrial fibrillation decision aid produced by NICE. 

 Generation of information tools should follow a pre-defined, structured 
development and testing procedure.  A User Guide, for healthcare 
professionals, as has been produced by NICE for their patient decision aids 
may be helpful. 

 Care is needed in the selection of method of outcome presentation: to ensure 
that information is not ambiguous or misinterpreted.  For example: avoidance 
of percentages and verbal descriptors; use of frequencies with the same 
denominators and time horizons for both groups of patients (rt-PA treated and 
untreated). 

 Graphical methods are rapidly understood and therefore should be 
incorporated, particularly for when time is short e.g. rt-PA treatment decision.    

 More than one method of information display is likely to be helpful as different 
people prefer different methods.   

 

4. Benefits and risks for the individual: Risk estimation tools 
A number of risk scores have been developed to try and predict outcomes following 
acute ischaemic stroke in patients with and without thrombolysis treatment, as well 
as scores aiming to predict the risk of sICH after thrombolysis.  A recent review by 
Rempe (2014) provides information on several different scores that have been 
published on stroke.  Paper 7 provides an introduction to some of the available 
prediction scores.  The following section discusses some of these in more detail and 
goes on to further discuss the more developed scores.    

4.1 Prediction of outcomes following stroke: 
The following diagram summarises the components used in a number of scores that 
predict mortality and disability following stroke (these scores do not consider rt-PA 
treatment). 
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Abbreviations: ASTRAL=age, severity of stroke, stroke onset to admission time, range of visual fields, 
acute glucose and level of consciousness score; IScore=Ischemic Stroke Predictive Risk Score; 
GWTG=Get With the Guidelines stroke risk model; LOC=loss of consciousness; PLAN=preadmission 
comorbidity, level of consciousness, age, and neurologic deficit score; BOAS=Bologna Outcome 
Algorithm for Stroke score; SSV=six simple variables score; GCS=Glasgow coma scale 

Figure: Venn diagram showing the overlap of independent predictors for mortality and functional 
outcome used in prediction scores [taken from Rempe, 2014] 

Age and stroke severity are included in all of these prediction models, as could be 
expected.  The C-statistic, a measure of the accuracy of a model where a value of 
0.5 indicates that it is no better than chance and 1.0 would indicate that it was 
perfectly accurate, ranged from 0.80 to 0.89 for these prediction models.  Two of the 
models (PLAN and BOAS) have not been validated in other populations, whilst the 
GWTG model and the ASTRAL score were found to be accurate when they were 
applied to a Chinese registry (developed in a US population and a Swiss population 
respectively), and the IScore accurately predicted poor outcome in a Chinese registry 
and a Korean population (Rempe, 2014). 

The results for individual patients using these predictive scores can vary.  Rempe 
(2014) discusses a case study of a patient admitted to their hospital, and using the 
patient’s baseline characteristics, reported that the calculated predicted scores from 
the IScore, PLAN, ASTRAL, and GWTG varied from a 17% to a 60% chance of an 
outcome of mRS 0-2, and from 1.4% to 8% in terms of day 30 mortality.  

These scores are subject to a number of limitations, including that they were 
developed using past patient populations and as stroke treatment improves, their 
accuracy may diminish.  Many of these scales did not include patients treated with rt-
PA, and therefore they may be inaccurate in predicting outcomes in these patients. 

4.1.1 IScore: development and comparison with clinician prediction     
The IScore was initially developed as a predictive model of stroke mortality, from 
12,262 patients presenting with acute ischaemic stroke at several hospitals in 
Canada between 2003 and 2008 (Saposnik et al, 2011a).  A total of 8223 patients 
were included in the derivation of the model, and 4039 in the internal validation.  An 
external validation cohort of 3720 patients from a separate stroke audit (also 
Canadian) was also included. 

The authors conducted a literature review to identify possible predictor variables, 
information on which would be available in the stroke registry, and which were then 
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discussed with a team of stroke neurologists to check that the most relevant 
variables had been included.  Candidate variables associated with 30 day mortality 
and 1 year mortality on single-variable analysis were selected as potential covariates 
for a multiple logistic regression model.  Stepwise variable selection with a 
significance level of 0.05 for variable retention was used to develop predictor models. 

In the single variable analysis, older age, female sex, severe stroke, nonlacunar 
stroke subtype, glucose ≥7.5mmol/l, history of atrial fibrillation, diabetes mellitus, 
coronary artery disease, congestive heart failure, cancer, dementia, kidney disease 
on dialysis, and dependency before the stroke, were associated with higher mortality 
at 30 days and at 1 year.   

Multivariable risk scores were calculated for 30 day and 1 year mortality.  The scores 
were divided into 5 risk categories, with risk ranging from 1% for quintile 1 (score 
<105) to 39% (score >175) for quintile 5, for 30 day mortality; and from 3% for 
quintile 1 (score <90) to 59% for quintile 5 (score >140) for 1 year mortality. 

The C statistics for the derivation dataset were 0.850 and 0.823 for 30 day and 1 
year mortality; and when tested on the internal validation set, were 0.851 and 0.840 
respectively.  In the external validation dataset, the results were 0.790 and 0.782 for 
30 day and 1 year mortality.  The external validation dataset was then divided into 
two, and the first half was used to recalibrate the regression model, which improved 
predictions in the second half. 

Saposnik et al (2011b) subsequently investigated whether the IScore could predict 
poor functional outcomes.  Patients from the same Canadian databases were 
investigated, excluding any that were included in the sample used to develop and 
validate the score initially.  Poor functional outcomes were defined as a) death at 30 
days or disability at discharge (mRS 3-5) or b) death at 30 days or institutionalisation 
at discharge.  The observed vs. predicted outcomes demonstrated high correlations: 
0.988 and 0.940 for mortality or disability and 0.985 and 0.993 for mortality or 
institutionalisation in the Registry of the Canadian Stroke Network (RCSN) and 
Ontario Stroke Audit (OSA) cohorts respectively.  The C-statistics in the RCSN were 
0.830 for 30 day mortality or institutionalisation at discharge and 0.787 for 30 day 
mortality or disability at discharge.  There was lower discrimination in the OSA (C-
statistics 0.743 and 0.679). 

The authors conclude that the IScore can be used to identify patients at high risk of 
death or disability and also death or institutionalisation after ischaemic stroke.  The 
higher the IScore, the higher the risk of a poor outcome.  The IScore was developed 
using clinical information that would be readily available to clinicians when patients 
first present.  Some variables, e.g. dementia, size and location of infarcts, 
interventions that were not included in the initial model might improve the estimated 
risks of the outcomes.  The other limitations with the score included that the score 
included only patients hospitalised for acute ischaemic stroke, and therefore it may 
not apply to patients with other stroke types/ambulatory patients, and 
regional/national factors influencing care may limit its generalisability.  The IScore is 
provided on the internet at www.sorcan.ca/iscore. 

The IScore has also been compared with clinicians in the prediction of outcomes 
following acute ischaemic stroke in the JURaSSiC study (clinical JUdgement vs. Risk 
Score to predict Stroke outComes) (Saposnik et al, 2013).  This study included 111 
clinicians with experience in stroke care, who predicted outcomes of death or 
disability (mRS ≥3) at discharge, 30 day mortality and death or institutionalisation at 
discharge, for 5 case-based ischaemic stroke scenarios.  The scenarios did not 
include thrombolysis, and cases were obtained from the RCSN. 



18 
 

Clinicians received information on initial stroke severity (NIHSS) and degree of 
disability, and were permitted to use any electronic devices or web tools other than 
the IScore as per their routine clinical practice.  All participants assessed 5 cases 
with similar content structure, word count and case details.  There was no time limit, 
on average clinicians spent 15 minutes.  The IScore was then calculated based on 
the information provided for each case scenario.   

The probability of death or disability at discharge for each case was derived from a 
determined number of stroke patients matched by age, sex, stroke severity, stroke 
subtype, risk factors, glucose on admission, preadmission status and risk stratum.  
Predictions within the 95% CI for the actual outcomes were defined as accurate. 

From a total of 1661 predictions made by 111 clinicians considering 5 cases each, 
536 (32%) fell within the 95%CI of the observed outcomes.  For death or disability, 
17% of clinician estimates were within the 95%CI; for 30 day mortality 47% were 
within the 95%CI; and for death or institutionalisation at discharge, 33% were within 
the 95%CI.  The participants who did not provide an accurate estimation more often 
than not underestimated the risk of death or disability at discharge as 84% of 
estimations were below the lower CI of the actual CI.  The risk of death at 30 days 
was most often overestimated (38% were above and 15% were below the 95%CI of 
the actual outcome).   

Overall, depending on the case, 70-100% of clinician estimates were outside of the 
95%CI of the observed outcomes, with similar findings for the secondary outcomes.  
There was also no correlation between the clinician’s confidence in their estimate 
and the accuracy of their prediction (p=0.85).  In contrast, 90% of the IScore 
estimates were within the 95%CI of the observed outcomes.   

The authors suggest that the inaccuracies in the clinician estimates may occur due to 
a) overemphasis of positive findings or minimisation of pertinent negative information, 
b) disregarding facts that are inconsistent with a favoured hypothesis, c) 
misrepresentation of the evidence or d) the diverse potential effect of several 
competing factors that affect outcome in different directions.   

The clinicians included in this study were from a variety of specialties (mainly 
neurology [42%] and internal medicine [41%], but also emergency medicine [10%] 
and vascular neurology [7%]).  There was no restriction on number of years of 
practice, the mean age of the clinicians was 40 +/-12years, and the mean number of 
years in practice was 11 +/-12 years. 

The authors consider that the limitations of this study include the absence of some 
variables e.g. imaging data, which may have reduced clinician accuracy (though 
imaging data were not part of the IScore estimations either), the cases reflected 
situations shortly after hospital admission and clinician accuracy might improve in a 
different time period/setting.  The strengths of the study included that cases were 
randomly allocated to clinicians, it involved a large number of predictions based on 
the most common scenarios and the clinicians included had a range of experience.   

Overall, the IScore predictions were found to be more accurate than the clinicians’ 
predictions of outcomes.  However, it should be noted that the clinician predictions 
were made based on a relatively short written case history, whereas in practice 
clinicians would see a patient face to face on a regular basis, and thereby they could 
be expected to build up a more detailed knowledge of a patients’ condition and may 
be able to predict likely outcome more accurately. 

4.1.2 Comparison of other prediction models with clinical predictions 
Thompson et al (2014) studied a prospective cohort of 931 patients recruited at a 
single hospital between 2002 and 2005.  Informal predictions of six month outcomes 
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on the OHS were made by treating doctors.  Patients were followed up by postal 
questionnaire at six months.  Five clinical prediction models were also used to predict 
risk of death or dependence (OHS≥3).  These models included the Six Simple 
Variables model (SSV) and four others that used different combinations of variables 
to predict outcome: Lee et al (2009) (NIHSS, history of diabetes, total cholesterol; 
developed in a Taiwanese hospital cohort); Appelros et al (2003) (age, NIHSS, heart 
failure; developed from a community based cohort of first ever strokes in Sweden); 
Weimar et al (2004) (age, NIHSS; developed from the stroke data bank of the 
German Stroke Foundation); Reid et al (2010) (age, pre-stroke independence, arm 
power, NIHSS; developed from consecutive patients enrolled in the Stroke Outcome 
Study). 

The results obtained for the doctor’s predictions were similar to those obtained for the 
clinical prediction models.  Specificity of the doctors’ predictions of OHS≥3 was good, 
0.96 (95%CI 0.94-0.97), which was similar to the prediction models, with a range of 
0.94-0.96.  The sensitivity of the doctors’ predictions was poor, 0.44 (95%CI 0.39-
0.49), and the prediction models were similar, with a range of 0.38-0.45.  The C-
statistic for the prediction of the level of disability after stroke was similar for the 
doctors’ (0.74, 95%CI 0.72-0.76) and the prediction models (range 0.69-0.75).   

4.2 Predicting outcome and risk of sICH after stroke in patients 
treated with rt-PA 
A risk estimator that can accurately predict which patients will likely benefit and which 
will likely be harmed by rt-PA treatment would be desirable in aiding treatment 
decisions in the time-pressured context of acute ischaemic stroke.   

A number of scores have been developed to predict outcome and/or chance of sICH 
after rt-PA.  The components used in some of these scores are summarised in the 
following diagram: 

 
Abbreviations: DRAGON=dense middle cerebral artery sign or early infarct on CT, baseline mRS, age, 
glucose, onset-to-treatment time, NIH Stroke Scale score; SEDAN=sugar, early infarct sign, 
hyperdense middle cerebral artery, age, neurologic deficit score; MCA=middle cerebral artery; Stroke-
TPI=Stroke-Thrombolytic Predictive Instrument; early CT∆=early ischaemic changes on the head CT; 
HAT=haemorrhage after thrombolysis score; MSS=Multicenter Stroke Survey; GRASPS=glucose at 
presentation, race, age, sex, systolic blood pressure at presentation, and severity of stroke at 
presentation. 
Figure: Venn diagram showing the overlap of independent predictors used in prediction scores for 
functional outcome and risk of sICH when treating patients with thrombolysis [taken from Rempe, 2014] 



20 
 

The reported C-statistic derived from the original cohorts for the Stroke-TPI score 
was 0.77-0.78; for DRAGON was 0.84; for SEDAN was 0.77; and for HAT was 0.72-
0.78 (for abbreviations see figure legend). 

Most of the thrombolysis prediction scores were developed in patients from Europe 
or N America, and validation in different patient populations is ongoing, and has had 
mixed results.  The Stroke-Thrombolytic Predictive Instrument (Stroke-TPI) score 
was found to have a C-statistic of 0.83 in patients from the Netherlands treated within 
3 hours, but was found to slightly overestimate good outcome and underestimate 
poor outcome in this and another study (see section 4.2.1).  The SEDAN score was 
externally validated in Swiss patients, with a C-statistic of 0.77, although it was less 
accurate in two other patient groups (C-statistic 0.60, 0.66).  The HAT score was 
fairly accurate when tested in the NINDS trial patients and another group of patients 
from one institution, C-statistic between 0.74 and 0.78), but had limited/moderate 
results from two other clinical trials.  The MSS score was also limited (C-statistic 
0.61) when tested on patients in a clinical trial.  The GRASPS score had a C-statistic 
of 0.68 when used in patients in the NINDS trial.   

In general, the C-statistic achieved by these scores in the validation populations were 
lower than that found in the development of the scores.  As a result, their capability to 
predict outcome/sICH risk may not be sufficiently accurate.  Rempe concludes that it 
would be premature to use these prediction scores as a method to exclude patients 
from treatment with rt-PA, or to perform other interventions as an alternative to rt-PA. 

The IScore was developed to predict mortality in patients with ischaemic stroke, but 
can also predict functional outcome and sICH risk in patients treated with rt-PA.  
Patients with a low or medium score appear to benefit from rt-PA, while patients with 
a high score do not.  The web-based version of the IScore also provides this estimate 
of outcomes following thrombolysis (www.sorcan.ca/iscore).  However, the 
information on good clinical outcomes is represented by a graph of adjusted RR for 
rt-PA vs. no rt-PA, which therefore does not give any indication of absolute benefits.  
It also appears to take no account of the time to treatment.  In addition the graphs 
providing risk of intracranial haemorrhage do not display comparator information for 
untreated patients, nor are the graph axes labelled.     

 

4.2.1 The Stroke-Thrombolytic Predictive Instrument and the development of 
COMPASS 
The Stroke-TPI was developed with the purpose of aiding physicians considering 
thrombolysis for stroke, aiming to provide at point-of-care the probabilities of 
important clinical outcomes (mRS ≤1 and mRS ≥5) with and without thrombolysis 
(Kent et al, 2006). 

The Stroke-TPI was developed using data from the NINDS, ATLANTIS A and B, and 
ECASS II (n=2131), these clinical trials were available at the time of model 
development.  ECASS I was not included because of the difference in dose used in 
this trial.  In developing the model, patients with mild stroke NIHSS ≤4, those without 
90 day outcome data and those without time from onset of symptoms information 
were excluded. 

Two models were developed to capture outcomes at the two ends of the mRS scale, 
mRS ≤1 and mRS ≥5.  These cut-offs were considered to divide the mRS into 
relatively homogenous outcomes in terms of quality of life.  Separate predictions of 
sICH were not developed because the effects of this outcome are represented by the 
resulting mRS score, and therefore this would lead to double-counting of poor 
outcomes. 
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The number of variables included in the model was restricted to reduce the chance of 
over-fitting the model, and therefore only those previously demonstrated to be 
important for prognosis or likely to impact treatment effect were included.  Variables 
also had to be likely to be easily and reliably obtained.  Finally, the model was 
intended to include patient characteristics that may modify the effect of treatment, 
and so all variables were able to interact with treatment even when the main effect 
did not significantly predict outcome.  Whilst the authors noted the potential 
importance of the presenting CT scan results for selection of patients for 
thrombolysis, and therefore they obtained a set of CT scan readings using the 
Alberta Stroke Program Early CT (ASPECT) score, they also noted that this may not 
be feasible for nonspecialised physicians and therefore the model was developed 
with and without this information.  

The model performance was tested using the receiver-operator characteristic curve 
area, and was applied to independent data drawn from the same population.  Of the 
total of 2131 patients included in the dataset, 1062 received placebo and 1069 
received rt-PA.  773 (36%) had an outcome of mRS ≤1 and 464 had an mRS ≥5. 

The variables that significantly affected prognosis and/or treatment effect of rt-PA for 
the model of good outcome (in addition to rt-PA treatment) were age, diabetes, 
stroke severity, sex, previous stroke, systolic blood pressure and time from symptom 
onset.  Inclusion of baseline ASPECT score did not significantly improve the model.  
The area under the receiver-operator characteristic curve (C-statistic) was 0.788.   

The variables that predicted mRS ≥5 were age, stroke severity and serum glucose, 
whilst rt-PA treatment was not significant.  The baseline ASPECT score was also 
highly predictive of probability of poor outcome.  The area under the receiver-
operator characteristic curve (C-statistic) was 0.775 (0.789 when ASPECT score was 
included).  The lack of effect of rt-PA treatment on likelihood of catastrophic outcome 
suggests that the increased risk of sICH is approximately balanced by improvement 
in patients achieving reperfusion, and patients at higher risk of sICH due to rt-PA also 
being at higher risk for poor outcomes without rt-PA. 

The authors note that the limitations of the models include that they are based on 
clinical trial data from trials in Europe and N America, and therefore may only apply 
to patients treated in similar settings, although they cite evidence that has found 
similar results in routine practice to that seen in clinical trials.  In addition some 
groups are not well-represented in the database (e.g. >85 years of age, initial systolic 
blood pressure >200mmHg, pre-existing disability), and therefore the predictions may 
not be reliable in these groups.    

A single centre study (Uyttenboogaart et al, 2008) which included 301 patients 
treated between 2002 and 2006 was conducted to externally validate the Stroke-TPI.  
The probabilities of a good outcome (mRS 0-1) and of a poor outcome (mRS 5-6) 
with and without rt-PA were calculated using the Stroke-TPI for each patient.  The 
patients’ mRS scores at 3 months were recorded by a trained stroke nurse.   

The C-statistic for predicting good outcome in patients treated up to 4.5 hours was 
0.80 (95% CI 0.75-0.85), for patients treated up to 3 hours was 0.82 (95% CI 0.76-
0.88) and for patients treated between 3-4.5 hours was 0.77 (95% CI 0.68-0.86) 

The C-statistic for predicting poor outcome in patients treated up to 4.5 hours was 
0.78 (95% CI 0.72-0.84), in patients treated up to 3 hours was 0.80 (95% CI 0.73-
0.87) and for patients treated between 3-4.5 hours was 0.74 (95% CI 0.63-0.85). 

For all three time-windows, the predicted probability of a good outcome was slightly 
overestimated, and the predicted probability of a poor outcome was slightly 
underestimated. 
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McMeekin et al (2012, annex 3) have since used data from the SITS-UK database of 
patients treated with rt-PA between 2002 and 2010 (n=4022) to further validate and 
calibrate the Stroke-TPI. The original Stroke-TPI was found to underpredict 
probabilities of catastrophic outcomes (mRS 5-6) in the SITS-UK population.  
Conversely, it overpredicted the probability of good outcome (mRS 0-1), except at 
low probabilities where it underpredicted.  Calibration of the Stroke-TPI and 
additional predictors (serum glucose and signs of current infarction on pre-treatment 
brain scan) reduced discrepancies between predicted and observed outcomes and 
improved the C-statistic from 0.754 to 0.766.  The C-statistic for catastrophic 
outcome prediction was 0.784.   

The authors comment that the Stroke-TPI and their calibrated version predicts no 
overall harm from treatment, and as a result its use as a guide for decision making is 
only appropriate when thrombolysis is considered to have no association with 
increased mortality, which is an assumption that is more valid at a population level, or 
if used with separate predictors of harmful outcomes. 

 

This calibrated version of the Stroke-TPI has since been used by McMeekin et al 
(unpublished, under review, see annex 4.  Note that this paper has been provided in 
confidence and is not for further distribution)  

 
 

 

 
 

 

 
 

     

 
 

 
 

 
 

 
 

 
 

 
 

 
 

  

Flynn et al (2015, annex 5) describe the process by which the DAM was developed 
into a computerised decision aid for stroke thrombolysis (COMPASS).  The aims of 
this work were to a) determine the optimal mode and content of a decision aid to 
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support eligibility decision making for individual patients , and communication of 
personalised information on benefits and risks to patients/family to support different 
approaches to decision making; b) identify and describe the key components of a 
prototype of a computerised decision aid for stroke thrombolysis and c) establish the 
usability of the prototype decision aid with clinicians and patients/families to refine the 
user interface and content. 

Interactive workshops were organised with 12 stroke clinicians (stroke physicians, 
emergency department physicians and stroke nurses), 8 patients and 7 relatives.  
Draft paper-based tools were developed to portray the outcomes generated by the 
DAM (tables of different levels of net benefit from thrombolysis, clustered and 
stacked bar charts, pictographs and flowchart diagrams).  Clinicians considered that 
paper based methods were impractical, and computerised methods would be more 
efficient given the short time-frame during the acute phase of stroke.  The 
presentation of short term outcomes in lay language together with pictographs or 
clustered bar graphs as well as frequencies and percentages were considered 
appropriate methods to convey the balance of benefits and risks to patients/families.  
Long-term outcomes such as life expectancy received negative reactions, and were 
considered to likely cause fear.  The discussion of the group was used to inform the 
development of an alpha prototype for usability testing. 

The alpha prototype of COMPASS was developed for an iPad to enable rapid input 
of patient information by clinicians, accessibility and interpretation of risk 
presentations by clinicians and patients/family and for ease of use at the point of 
care. 

Outcome probabilities were expressed using numerical and graphical risk 
presentations (percentages, natural frequencies, pictograms, clustered bar graphs, 
flow chart and stacked bar graph) which were based on the preferences discussed at 
the workshops.  The features that were put into the prototype included showing 
patient details and outcomes on one screen without the need to scroll, instant 
updating of patient details when one or more values were changed, instant validation 
of patient details in accordance with licensing criteria (green ticks and orange 
exclamation marks used to indicate whether information is within or outside the 
licence, and red crosses to indicate that an invalid value has been entered) and 
prompts/warning messages when values are invalid or outside the licensing criteria. 

The alpha prototype was tested for usability with clinicians and patients/families to 
optimise the user interface and information content, and to establish the acceptability 
and feasibility of a beta prototype.  Usability testing was completed by 12 stroke 
physicians, 5 patients and 4 relatives.   

Clinicians used hypothetical cases to test the prototype and their comments/reactions 
were recorded, they were also interviewed afterwards for their views on the potential 
benefits and problems with use in a clinical setting.  Clinicians considered that 
COMPASS provided potential benefits in helping decision making for individual 
patients within the licensing criteria, and in improving risk communication/informed 
consent with patients/families.  The clinicians had a strong preference for pictographs 
as the risk presentation method.  Potential issues identified were clinicians’ 
acceptance of the outcome probabilities, ability of patients/families to understand, the 
possibility of giving the impression of an artificial level of certainty and potential 
delays to decision making.   

Patients/families were tested using two patient scenarios, one with clear and one with 
borderline benefit, and were then interviewed to gain their views on paper vs. 
computerised presentation, type of risk presentation, complexity, possible 
improvements, and potential benefits and problems with use in the clinic.  The 
patients/families understood the information presented, had mixed preferences for 
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paper-based and computerised presentations, and considered that benefits included 
a greater degree of involvement in the decision and increased reassurance (also 
after the treatment, when information was provided to be taken away).  Most 
considered it was important to present a balanced view of benefits and risks, one 
patient/family were concerned that there may be too much information included for a 
highly stressful situation and suggested that the focus should be on the summary box 
of likely net benefit.    

The results of the usability testing were used to develop a beta prototype.  This was 
then tested over a six month period by 19 stroke clinicians in 3 acute stroke units.  
The clinicians used the tool pragmatically, i.e. at their discretion.  Information on the 
use of COMPASS was captured via self-completion forms, interviews, and 
computerised data logging.  Interviews with patients/families gathered data on their 
experience.  Ten clinicians reported using COMPASS with 25 patients (17 treated 
with thrombolysis).  COMPASS was used in 15 cases to support clinical decision 
making, or to provide more detail on likely patient benefit after a decision to offer 
thrombolysis.  Risk pictographs were shared with 14 patients/families, in 3 cases to 
support informed consent and in 11 cases to explain the treatment decision after the 
event (1 case was not thrombolysed).  In one case, COMPASS was used as a 
clinical training aid, and in another to assess potential missed outcomes for a patient 
not referred to the stroke team.  There were 8 occurrences reported where 
COMPASS could have been used but was not.  The NIHSS calculator, weight 
converter tool and save function were each used for 6 cases, and in 5 cases the 
timeline showing decrease in benefit as a function of time was used.  On 3 occasions 
data entry errors were detected by COMPASS and error messages given.  There 
were no adverse effects of COMPASS reported. 

Time in use (first data entry to calculation of outcomes following brain scan results) 
ranged from 0.7 to 30 minutes, with a median of 2.8 minutes.  

Clinicians reported that COMPASS aided clinical decision making, especially at the 
extremes of the licensing criteria, and aided risk communication including explaining 
decisions to relatives who were not present at the time of treatment.  The pictograph 
risk presentations were found to engage relatives and help them focus on the 
discussion and aided their understanding.  However, one relative reported that they 
would have preferred verbal explanation only, and another that they would have 
preferred not to receive information on the probability of death.  The value of 
receiving a paper copy of the information to take away was reported by one relative, 
as being reassuring that they had made the best decision. 

Seven themes on potential barriers to the use of COMPASS were identified from 
clinicians: 1) stroke physicians in remote consultations with emergency physicians, 2) 
iPad not charged/unavailable, 3) complex cases involving variables not listed in 
COMPASS, 4) inexperience with technology, 5) confidence in accepting data on 
outcomes at the extremes of licensing criteria, 6) patients clearly within the licensing 
criteria, 7) clinicians’ reluctance to share information on high probabilities of 
death/poor outcome with patients/relatives. 

The findings from the feasibility study were used to develop a gamma prototype.  An 
image of the interface is shown below, demonstrating the pictograph of benefits and 
risks of treatment vs. no treatment. 
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Figure: Gamma version of COMPASS showing the pictograph images [taken from Flynn et al, 2015] 

Further details on the use and features of COMPASS can also be found in the user 
guide (provided in annex 6, not for further distribution). 

4.3 Disc ussion  
A number of different scores have been developed with the aim of predicting 
outcomes following acute ischaemic stroke, and for predicting outcomes with and 
without rt-PA treatment.  These scores use a variety of different prediction variables.   

Whilst the C-statistics for the scores predicting outcome after stroke generally 
indicate a good level of accuracy, not all scores have been validated in populations 
separate from the one they were developed in.  In addition, the use of several scores 
to predict outcomes in individual patients was found to generate a wide range of 
probabilities (Rempe, 2014).   

The IScore was initially developed to predict mortality after stroke, but has since 
been found to predict functional outcomes as well.  The IScore is an example of a 
score that has been developed and tested in separate patient populations (albeit 
within the same country), and has also been compared with clinicians’ predictions of 
outcome.  IScore was found to perform better than clinicians’ predictions, however it 
should be noted that the clinicians’ were making predictions based on a short written 
case history, rather than examining a patient face-to-face.  Other prediction models 
have been found to be as accurate as clinician predictions. 

It is considered that a risk prediction tool that could be used to predict which patients 
are likely to benefit and which are likely to be harmed by thrombolysis would be a 
useful tool for aiding treatment decisions in acute ischaemic stroke patients.  Several 
prediction tools have been developed to provide probabilities of good functional 
outcome and/or the risk of sICH.  However, the majority of these tools were found to 
achieve lower C-statistic scores when validated in other populations than they 
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achieved in the original development population.  The IScore has also been 
demonstrated to provide a level of prediction of outcomes following thrombolysis, 
according to low, medium or high scores providing a broad estimate of whether 
treatment is likely to be beneficial.  Although the IScore is provided on the internet as 
an interactive tool, the data generated for the effect of thrombolysis treatment is 
limited, for example benefits are presented using RR for rt-PA vs. no rt-PA, and 
therefore no indication of absolute benefit is provided, this representation also 
appears to take no account of time to treatment effects.  The presentation of risks, 
sICH and mortality, do not provide the untreated patient estimates alongside the 
treated patients. 

The COMPASS decision making tool is considered to be the most highly developed 
risk estimation tool for acute ischaemic stroke patients potentially treated with rt-PA.  
The underlying model used by COMPASS is a calibrated version of the Stroke-TPI, 
which has also been expanded to include a prediction of sICH and validated to 
provide results for non-thrombolysed patients. 

COMPASS has been developed over three rounds of interactive workshops, usability 
and feasibility testing in clinicians and patients/families, and data presentation of risks 
and benefits have been particularly considered with the aim of clear, understandable 
messages that can be comprehended during a short and stressful discussion.    
Given the time pressure of the emergency situation of acute ischaemic stroke, the 
finding that the median time to generate the results was 2.8 minutes is encouraging.  
Additional features of the COMPASS tool may also save time in other areas, for 
example calculators for converting glucose measurements, weight conversion, rt-PA 
dose calculator.  COMPASS can also improve understanding of rt-PA, by highlighting 
parameters that are outside of the current licence criteria. 

Generally the COMPASS tool was well received by clinicians and patients/families, 
and in most cases it was considered helpful, aiding decisions on borderline patients 
and explaining treatment decisions to patients/families.  The method of providing 
information (pictographs) was generally found to be comprehensible and to engage 
relatives in the decision making process.  The importance of good face-to-face verbal 
communication should also be emphasised, with one relative reporting that they 
would rather have only received information in this format.   

It is considered that a tool such as the COMPASS decision aid, as an optional 
measure, would likely be helpful to clinicians particularly when weighing up the 
treatment decision for a borderline patient.  In addition, as an optional additional 
method of conveying information to patients and their families, the COMPASS tool is 
likely to be very useful, particularly as it provides individual-specific benefits and risks 
of treatment.  The use of pictographs/graphical presentations is likely to be helpful to 
many patients/families as this type of information is usually easier to absorb than 
numerical data.  Furthermore the ability to provide a printed version of the information 
for later reference will benefit patients/families, this aspect has been suggested as 
helpful to some individuals by previous studies of information provision on acute 
ischaemic stroke.      

There were some potential barriers to use of COMPASS identified, these included 
practical issues such as availability of iPads and inexperience with the technology.  
However there were also concerns about cases with complex history with variables 
that are not listed in COMPASS, whether clinicians would be confident to accept the 
predictions for cases at the extreme ends of the licence criteria, as well as concerns 
about sharing information with patients/families where there was a high risk of death.   
Some of these issues may be addressed by incremental improvements in the model 
as further data emerges, but these scenarios illustrate that, as with all decision aids, 
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COMPASS will not always be appropriate to every situation and its use should 
therefore be at the discretion of the physician.   

COMPASS provides point estimates of risks and benefits, without any indication of 
the confidence intervals surrounding these estimates.  This is understandable and 
likely to be necessary as including confidence intervals would probably reduce 
patient/relative comprehension of the information and would at least provide an extra 
level of complexity which would then need to be explained in an already time-
pressured environment.  As a result however, there is a risk that the current 
understanding of the benefits and risks of rt-PA treatment is being over-stated, and 
therefore it would be important that the clinician explained the limitations of the 
estimates to the patient/relatives.    

4.4 Conclusion   
It is clear from the work of others that clinicians would welcome additional measures 
to facilitate the joint decision with patients/family/carers on whether to thrombolyse.  
The COMPASS tool provides a user-friendly interface to generate individual-specific 
predictions of clinical outcomes in the context of rt-PA treatment of acute ischaemic 
stroke.  COMPASS is likely to provide a useful, optional, method for clinicians 
assessing borderline cases for treatment, as well as aiding in patient/relative 
communications and decision making regarding treatment.  COMPASS has been 
tested in relatively small numbers of clinicians and patients/relatives and has been 
improved following analysis of these tests, however as concluded by the authors, 
further assessment of the functionality and acceptability of COMPASS including its 
potential impact on door-to-needle times and thrombolysis rates is needed.                 

5. S uggestions for outputs 
The available information suggests that verbal face-to-face discussions are the most 
important method of information provision to patients/families in the acute stroke 
setting, however this may be usefully supported by written information/visual aids.  
The current provision of written/pictorial information for patients/families in the acute 
stroke setting varies across different areas and stroke centres.  From the examples 
included in this paper, it is clear that these aids vary in quality and content, and a 
standardised approach may be more appropriate.  Possible suggestions for potential 
information outputs that could be provided are as follows:   

 Written information for use at the time of stroke: this would need to be very 
concise and simple, probably pictorial/graphical in nature.  This type of data 
presentation has been shown to help some patients/families understand the 
benefits and risks, and to engage more fully in the treatment decision making 
process. 

 More extensive written information in the form of a leaflet, mainly for 
patients/families to take away with them and refer to after treatment. 

 Explanatory notes/user guide for clinicians, to also include weight-based 
dosing table (clinical guidelines could also be updated to provide such a table, 
as well as advice on weight estimation of stroke patients).  Papers 7 and 8 
provide further discussion of medication errors relating to weight estimation of 
patients. 

 Written information developed to proactively educate members of the general 
public, and particularly those at risk of stroke.  The messages could include 
risk factors for stroke, signs and symptoms, importance of seeking medical 
help as quickly as possible, treatment options including thrombolysis and its 
risks and benefits.  Prior knowledge may aid patients/families in decision 
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making in the event of acute stroke, and slightly reduce the anxiety of the 
situation. 

Such information resources would provide generic risk and benefit information, as 
opposed to individualised information.  This emphasises the importance of the 
discussions with the clinician at the time of acute stroke to put the information into the 
context of the patient in question.  It may be possible to provide more nuanced, 
general information for different categories of patients in these resources, similar to 
the examples produced by NICE and described in this paper.  Care will be needed in 
selecting the methods of stroke outcome presentation, and more than one method 
should be used, as different people prefer different methods.  Explanatory notes/user 
guide for clinicians may also be helpful.  It is important that any information tools 
generated are developed following a pre-defined, structured development and testing 
procedure.  It is considered that the Emberson et al (2014) meta-analysis would be 
the most appropriate data source from which to develop such information resources, 
as it provides the most comprehensive and rigorous summary of the available data.  

The distribution of any information resources developed for use in acute ischaemic 
stroke would need to be considered.  It may be possible to provide e.g. the written 
information for proactive education of members of the general public in GP surgeries 
and pharmacies and/or given to patients who present with TIA.  Another possibility 
that might be explored for the distribution of resources designed for use at the time of 
acute ischaemic stroke would be the possibility of working with guideline authors 
(e.g. for the National Stroke Guidelines - RCP), and if so, the resources might then 
be annexed in the stroke guidelines as a method of achieving wide-spread 
awareness of these documents.   

The COMPASS tool can provide individualised benefit and risk predictions for 
patients, e.g. using pictographs, which is considered to likely help clinicians to make 
difficult decisions on whether to thrombolyse patients, support the clinician in 
providing more active individualised guidance to patients/families, and improve the 
interactions between clinicians and patients/families in the context of acute stroke.  
The tool can also provide print-outs of individualised risks and benefits which could 
then be taken away by the patient/family, in addition to a more extensive generic 
leaflet that provides more detailed general information on rt-PA.  Furthermore, the 
COMPASS tool is not currently available, and therefore other resources would help 
to benefit patients in the meantime. 

 
Points for discussion for the EWG 

 Does the EWG consider that standardised materials to provide information to 
patients/families and to support decision making on rt-PA treatment would be 
a valuable resource for clinicians/patients/families?  

 Does the EWG agree that the outputs suggested in section 5 would be 
valuable and should be developed? 

 Does the EWG consider that it would be appropriate for a small subgroup of 
members/invited experts/observers/others to take forward the design of such 
materials? 
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What is Thrombolysis? 
You have been diagnosed as having a stroke. This means that one of the blood vessels in your 
brain may have been blocked by a blood clot causing damage to the brain. 
 
The treatment to try and unblock the affected blood vessel by dissolving the clot is called 
THROMBOLYSIS and may improve your symptoms.  
 
The treatment is given via a drip over an hour and aims to break up the clot. 
 
The sooner it is given the better it works. 
 

The Advantages of Thrombolysis 
 Approximately 1 person for every 3 patients treated will experience benefits from the 

treatment with reduced long term disability 
 

The Disadvantages of Thrombolysis 
 It does not work with every patient 

 
 Approximately 1 person in every 30 patients treated will experience significant bleeding 

(Haemorrhage) in other parts of the body, which may require a transfusion with blood or 
blood products 
 

 1 in 20 will suffer allergic reaction (angioedema) this is usually mild and self-limiting 
 
Overall thrombolysis is 10 times more likely to help than harm in eligible patients with clot type 
stroke. 
 
The doctors treating you will only offer this treatment if in your case the benefits are likely to be 
greater than the risks 
 
Please feel free to ask the doctor looking after you any questions in regard to the treatment and 
your care. 

Contact us 

Stroke Team     
Telephone:   0161 419 5683  
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If you would like this leaflet in a different format, for example, in large print, or on 
audiotape, or for people with learning disabilities, please contact: 
Patient and Customer Services, Poplar Suite, Stepping Hill Hospital. Tel: 0161 419 5678. 
Email: PCS@stockport.nhs.uk.  
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NHS Premises' to find out more. 
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Stroke Thrombolysis – Information Sheet 

  What causes a stroke? 

 

The most common cause of a stroke is a blood clot blocking an 
artery in the brain. This prevents the blood from taking 
important oxygen to part of the brain and causes damage to 
brain cells.  

Patients with this type of stroke may benefit from a treatment 
called thrombolysis. 

  What is thrombolysis? 

 

Thrombolysis works by dissolving the clot that has blocked the 
artery and stopped the supply of blood to part of the brain. 

The drug is called rt‐PA and is given through a drip over one 
hour. 

 

The drug works best if given to a patient within three hours of 
their stroke. 

  What are the benefits? 

 
By treating a patient with thrombolysis there is a 55% increase 
in their chance of achieving a full recovery. 

10x The treatment is 10 times more likely to help than to harm the 
patient. 



                                                                                              

 For every 3 people treated, 1 person achieves a better 
recovery. 

 

 

For every 9 people treated, 1 person achieves a full recovery.  

 

 

 

  What are the risks? 

 

As the clot busting drug works by making blood thinner, there 
is a small chance that a patient may suffer bleeding in part of 
their body.  

This may be minor, such as increased bruising, or severe such 
as bleeding within the brain, which could make a patient much 
worse. 

  What happens immediately afterwards? 

 

For 24 hours after thrombolysis medical staff perform frequent 
assessments to make sure that any complications can be dealt 
with straight away. 

They will be looking for signs that the patient may be restless, 
confused, nauseous or complaining of a headache. 

   

 

Feel free to speak to any member of staff. 

 Revised May 2011               STFT Stroke Services  



CLOT-BUSTING TREATMENT FOR ACUTE STROKE 
PATIENT INFORMATION  

 

Lothian Stroke MCN 
April 2008 

 Standard      Clot-Buster 
        (Aspirin & supportive care)    (Thrombolysis drug Alteplase) 
 
 
 
  
  
 
 
 
 
 
 
 
 
 
 
  
 

 
Stroke is a common condition where damage to the brain occurs due to 
blockage to an artery supplying blood to the brain.  In your case this blockage 
is due to a blood clot.  The most effective treatment for this is to unblock the 
artery with an injection of a “clot-busting” drug (Alteplase).  This must be given 
as soon as possible after a stroke.  If you have this treatment you have a 
greater chance of recovering fully from your stroke. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There is a 1 in 10 greater chance of living independently after treatment with 
the clot busting drug. 
 
Although there is a higher chance of bleeding into the brain (1 in 20 with clot-
busting compared to 1 in 100 without) or bleeding elsewhere immediately 
following this treatment and a small risk of allergic reaction, you are more likely 
to benefit from the treatment than come to harm.  This is currently the best 
treatment available for an acute stroke. 

 
Clot-Busting Treatment 

Independent 50% 

Dependent
32% Dead 

18% 

 

 
Standard Treatment 

Independent 41% 

Dependent 
41% 

Dead 
18% 



 
 

Information Sheet 
Thrombolysis for Stroke   

  
 
What is Thrombolysis? 

A clot busting drug called Alteplase is given to try and dissolve the clot (blockage) causing the 
stroke. 

 
Who Receives Thrombolysis?  
It is given to patients whose stroke is caused by a clot, who are seen within 4½ hours of the start 
of stroke symptoms and who fulfil certain criteria for thrombolysis  
 
Does Thrombolysis work? 

Yes. An extra 10% of treated patients will have few or no symptoms from their stroke than those 
who are not treated. 

 
Does it have risks? 

Yes. The main risk is bleeding. This can occur anywhere in the body, roughly 2% of treated 
patients will have a severe bleed into the brain causing worsening of symptoms and some of 
these will die.  Overall patients that receive the drug tend to be less disabled than those who do 
not. 
 
As with all drugs there is also a risk of an allergic reaction, this is more common in those taking 
ACE inhibitors (e.g. rampiril). 
 
What should I tell the doctor before being given Thrombolysis? 

 Any blood thinning agents e.g. Warfarin.  
 Recent surgery. 
 Previous bleeding, particularly in the brain. 

 
What will happen after the drug is given? 

You will be closely monitored for the next 24hours and have a repeat CT scan of your head 
roughly one day later.   
 
Contact Information: 
 
Heydon Stroke Unit -  Norfolk and Norwich University Hospitals NHS Foundation Trust. 
 

 

Author: Dr P Sutton (Stroke Consultant) November 2013 
Review Date: November 2015 
   Page 1 of 1 

 



 

 
What happens to people after stroke with and without alteplase: 

 
The table below shows: 

The number of people who have died after 3 months 
The number of people who survived, but did not fully recover 
The number of people who completely or almost completely recovered 

 
 
 

 
 
Alteplase, a treatment for stroke:  Information for Patients 
This leaflet contains information about alteplase, a medicine used 
for a number of illnesses, including recent stroke. The information 
in this leaflet is in 6 sections: 

1. Why have I been given this leaflet? 
2. What is alteplase and how does it work? 
3. When should alteplase not be used?  
4. How is alteplase given? 
5. Are there any side effects? 
6. What are the possible risks and benefits? 

If you have any further questions or concerns after reading 
this leaflet, please talk to the doctor. 
 
1. Why have I been given this leaflet? 
The information in this leaflet will help you do two things: 

1. It will help you remember what the doctor has told you about this 
medicine (Sections 1 to 5). 

2. It may also help you to decide whether you want to go ahead 
with this treatment (Section 6). 

 
2. What is alteplase and how does it work? 
Alteplase dissolves blood clots which stop blood going round your 
body. It is often used for clots after heart attacks.  
We now know that it is also effective in treating recent stroke 
that is due to a blood clot. 
o Alteplase dissolves some blood clots, but not all of them.  

o This is because clots are different sizes and strengths.    

Alteplase treatment must be started within 3 hours of the start 
of the signs of a stroke. 
o The sooner treatment with alteplase is started, the better the 

chance of a good recovery from your stroke. 
Produced by Leeds Teaching Hospitals NHS Trust, May 2006.  Revised by Leeds Teaching Hospitals 
NHS Trust and the School of Healthcare, University of Leeds, December 2008. Leaflet V1.13 

55 people 
completely 
or almost 

completely 
recovered 

40 people 
completely 
or almost 

completely 
recovered 

11 people 
died 

17 people 
died

34 survived, 
but did not 

fully recover 
43 survived, 
but did not 

fully recover

Without 
alteplase

With 
alteplase 

O
ut

 o
f 1

00
 p

eo
pl

e 



 

 
3. When should alteplase not be used? 
Alteplase might not be safe if you have any of the following 
problems. This is because they give you a higher risk of bleeding.  

Tell the doctor before having alteplase if you have any of 
these: 
o Severe liver problems 
o Diabetes with poor vision 
o Cancer 
o Recent severe bleeding 
o Stomach or duodenal ulcers in the last 3 months 
o Any medical operation or test in the last 10 days 
o Any other illness that makes you more likely to bleed 
o Major surgery or traumatic accident in the last 3 months 

Taking other medicines 
Tell the doctor if you are taking drugs to thin the blood (such as 
warfarin tablets or heparin injections). 
 
 
4. How is alteplase given? 
Alteplase is given through a drip into a vein in your arm. This will 
take 60 minutes. 

You will be monitored very closely: 

o to check on your progress, 
o and to detect early any possible bleeding. 

Also, you will have another CT brain scan 24-36 hours after the 
treatment: 
o this is to see if any bleeding has happened. 
 
 
 
 
 

 
5. Are there any side effects? 
Like all medicines, alteplase can cause side effects. These include:  

o bleeding  (see Section 6), 
o high temperature, 
o low blood pressure for a short time, 
o nausea (feeling sick) and vomiting (being sick). 
 
 
6. What are the possible risks and benefits? 
Benefits 
More people recover completely (or almost completely) if they have 
alteplase. 

o 55 out of 100 people recover with alteplase. 
o 40 out of 100 people recover without alteplase. 

Risks 
Occasionally, bleeding into the brain happens after a stroke. This is 
because the stroke has damaged blood vessels. This can lead to a 
bigger stroke, or even death. This bleeding can happen whether 
alteplase is given or not. However, bleeding happens more often, 
and is more severe if alteplase treatment is given. 
o 1 out of 100 people will have a severe brain bleed without 

alteplase in the first few days 
o 2 out of 100 people will have a severe brain bleed with 

alteplase in the first few days 

After the first few days, the risk of severe bleeding into the brain is 
the same for those who have alteplase and those who have not. 

Balancing benefits and risks 
In other words, alteplase increases the chance of bleeding into your 
brain in the short term. However, it increases your chance of 
recovering fully from your stroke in the long term. 

o The pictures on the next page show the effects of alteplase 
treatment more clearly. 
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P redictive equations are useful to support clinical 
 decision- making about thrombolysis with recombinant 

tissue plasminogen activator in acute stroke and to commu-
nicate risk/benefit information to patients and families.1 The 
 Stroke- Thrombolytic Predictive Instrument2 (S-TPI) provides 
 patient- specific predictions at 3 months for the likelihood of 
a normal/ near- normal outcome (modified Rankin scale score, 
≤1: no symptoms or slight disability), referred to as a normal 
outcome hereafter, and of catastrophic outcome (modified 
Rankin Scale score ≥5: severe disability/death).

A  single- center cohort study (N=301) reported the  S- TPI 
had reasonable external validity when applied to patients 
treated in routine practice but overestimated and underesti-
mated probabilities for normal and catastrophic outcomes, 
respectively.3 We aimed to identify sources of prediction 
discrepancies between the  S- TPI and outcomes in a larger 
population of patients treated in routine practice and to iden-
tify extensions that enhance the explanatory properties of the 
 S- TPI.

Materials and Methods
Calibration curves were used to establish how predictions from the 
 S- TPI corresponded with outcomes in the Safe Implementation of 
Treatments in Stroke United Kingdom (SITS-UK)4 population 
treated with recombinant tissue plasminogen activator between 
December 2002 and February 2010 in United Kingdom centers 
(N=4022).

Stepwise logistic regression was used to identify predictor vari-
ables associated with underprediction or overprediction of outcomes 
in  SITS- UK patients. We also tested whether 3 additional patient 
characteristics (congestive heart failure, signs of current infarction 
on pretreatment brain scan, and serum glucose5) would improve the 
explanatory power of the model for normal outcomes in treated pa-
tients. For normal outcomes, a parsimonious method of calibration 
that estimated only an intercept and single calibration coefficient was 
rejected because of uncertainty about the differing relative strength 
of the predictors in the 2 datasets.6 Because the  S- TPI assumes no 
association between treatment with recombinant tissue plasmino-
gen activator and a catastrophic outcome, and because death before  
3 months is a competing risk to a normal outcome at 3 months, only 
those surviving (modified Rankin Scale score, 0–5) at 3 months were 
used in the calibration of normal outcomes.

 Receiver- operating curves were used to estimate the ability of the 
 S- TPI to discriminate between those most and least likely to benefit 
from treatment, and between those most and least likely to experience 
a catastrophic outcome.

Results
The characteristics of the  SITS- UK patients and of those used 
to develop the  S- TPI are shown in Table 1. The calibration 
of normal outcomes included 1860 cases (1583 cases were 
excluded because the dependency state was not recorded; 352  
had died within 3 months; 123 had treatment times or systolic 
blood pressures outside the defined ranges; 104 were missing 
systolic blood pressure, glucose, or stroke severity information). 
The calibration of a catastrophic outcome included 2212 cases.

Background and Purpose—This study aimed to test the explanatory qualities of the  Stroke- Thrombolytic Predictive 
Instrument (S-TPI) when applied to patients treated in routine practice.

Methods—S- TPI predictions were compared with observed outcomes in terms of normal/ near- normal (modified Rankin 
Scale score, ≤1) and catastrophic outcome (modified Rankin Scale score, ≥5) at 3 months. Logistic regression was used 
to calibrate and expand the  S- TPI.

Results—The  S- TPI overestimated probability of catastrophic outcomes and overestimated the probability of a normal/near 
normal outcome above 0.4 and underestimated those below. Calibrating the  S- TPI minimized discrepancies between 
predicted and observed outcomes, in the case of normal/ near- normal outcomes, where including additional predictors 
(serum glucose and signs of current infarction on pretreatment brain scan) further reduced discrepancies between 
predicted and observed outcomes.

Conclusions—The explanatory power of the  S- TPI in  thrombolytic- treated patients can be improved to reflect outcomes 
seen in routine practice. (Stroke. 2012;43:3378-3381.)

Key Words: acute stroke ◼ clinical decision support ◼ predictive models ◼ thrombolysis
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Original  S- TPI Predictions of Outcomes in  
SITS- UK Data
Calibration curves for predicted probability of the  S- TPI of 
normal and catastrophic outcomes in the  SITS- UK popula-
tion are shown in FigureA and B. The  S- TPI underpredicts 
the probability of catastrophic outcomes in the  SITS- UK 
population; for example, a predicted P=0.60 equates to an 
actual observed P=0.50 (Figure A). The  S- TPI overpredicts 
the probability of normal outcomes in the  SITS- UK popula-
tion (Figure B). At low probabilities of normal outcome, the 
overprediction is reversed and the  S- TPI underpredicts.

Calibration for Normal Outcomes
The parameter estimates for the calibrated  S- TPI are shown in 
Table 2. The  S- TPI prediction is retained (1.3770; P=0.0117). 
No prediction discrepancy is associated with diabetes, pre-
vious stroke, and systolic blood pressure. Prediction dis-
crepancy is associated with male gender, age, and National 
Institutes of Stroke Scale score. Of the additional predictors, 
infarction on pretreatment brain scan and serum glucose are 
also found to be associated with a normal outcome. Figure C 
shows the improved areas under the curve (0.754–0.766) for 
the calibrated  S- TPI models for all cases, including those who 
did not survive to 3 months, reflecting the  S- TPI finding of an 
absence of association between treatment with recombinant 
tissue plasminogen activator and death.

Calibration for Catastrophic Outcomes
The  SITS- UK population risk of catastrophic outcome 
was greater than predicted by the  S- TPI (Table 2). No 
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Original  S- TPI Predictions of Outcomes in  
SITS- UK Data
Calibration curves for predicted probability of the  S- TPI of 
normal and catastrophic outcomes in the  SITS- UK popula-
tion are shown in FigureA and B. The  S- TPI underpredicts 
the probability of catastrophic outcomes in the  SITS- UK 
population; for example, a predicted P=0.60 equates to an 
actual observed P=0.50 (Figure A). The  S- TPI overpredicts 
the probability of normal outcomes in the  SITS- UK popula-
tion (Figure B). At low probabilities of normal outcome, the 
overprediction is reversed and the  S- TPI underpredicts.

Calibration for Normal Outcomes
The parameter estimates for the calibrated  S- TPI are shown in 
Table 2. The  S- TPI prediction is retained (1.3770; P=0.0117). 
No prediction discrepancy is associated with diabetes, pre-
vious stroke, and systolic blood pressure. Prediction dis-
crepancy is associated with male gender, age, and National 
Institutes of Stroke Scale score. Of the additional predictors, 
infarction on pretreatment brain scan and serum glucose are 
also found to be associated with a normal outcome. Figure C 
shows the improved areas under the curve (0.754–0.766) for 
the calibrated  S- TPI models for all cases, including those who 
did not survive to 3 months, reflecting the  S- TPI finding of an 
absence of association between treatment with recombinant 
tissue plasminogen activator and death.

Calibration for Catastrophic Outcomes
The  SITS- UK population risk of catastrophic outcome 
was greater than predicted by the  S- TPI (Table 2). No 

 receiver- operating curve is shown for catastrophic outcome 
because the parsimonious recalibrating does not affect the 
ranking of case, but the area under the curve is 0.784.

Discussion
Consistent with previous research, we found evidence that 
the  S- TPI overestimates the probability of a normal out-
come and underestimates the probability of a catastrophic 
outcome in treated patients. The strength of the calibrated 
 S- TPI model is its applicability to current practice because 
the predictions are adjusted using data about patients rou-
tinely treated up to year 2010, and it includes additional 
patient characteristics.

In terms of weaknesses, there may have been bias in the 
routine practice data. For example, 1 possible reason for the 
overprediction of normal outcomes is that United Kingdom 
clinicians (compared with European/North America clini-
cians) may assign lower modified Rankin Scale scores to 
patients with similar levels of disability. Studies assessing 
 inter- rater reliability of modified Rankin assessments show 
only modest agreement, with a kappa of <0.5.7 Prediction 
 discrepancies associated with men and additional predic-
tors mean that untreated outcomes cannot be estimated using 
the calibrated model. Like the  S- TPI, our model predicts no  
overall harm from treatment; its use as a guide for clinical 
 decision- making is only warranted when thrombolytic treatment 
is considered to have no association with increased mortality (an 
assumption more valid at a population level than an individual 
level) or used with separate predictors of harmful outcomes.

Table 1. Characteristics of Patients From the  Stroke- Thrombolytic Predictive Instrument Analyses and 
from the  SITS- UK Database

Characteristic
 S- TPI  

(N=2131)

Omitted Cases Outcome 
Recorded  SITS- UK 

(n=227)

 SITS- UK Patients 
Surviving at 3 Months 

(n=1860)

 SITS- UK Patients 
Not Surviving to  

3 Months (n=352)

Age, mean (SD) 65.9 (11.4) 67.8 (13.3) 66.3 (12.8) 72.8 (11.6)

Gender, % male 54.7% 58.6% 59.7% 57.7%

NIHSS score (median, IQR) 12 (8, 17) 12 (7, 18)* 12 (8, 17) 18 (14, 22)

Hypertension, % 58.8 60.36 57.2 62.5

Diabetes, % 20.8 14.9 11.4 15.9

Previous stroke, % 16.6 14.41 11.9 14.2

Atrial fibrillation, % 18.6 27.0 23.0 27.6

OTT, min (median, IQR) 235 (155, 290) 146 (109, 175) 150 (120, 175) 151.5 (120, 180)

OTT, % within 3 to 4.5 hours 61.3 15.3 16.5 18.8

Systolic blood pressure, mm Hg  
(mean, SD)

152.6 (20.3) 145.5 (21.8)* 147.0 (20.9) 148.9 (21.0)

Serum glucose mmol/L 
(median, IQR)

6.8 (5.8, 8.6) 6.2 (5.6, 7.8) 6.2 (5.4, 7.5) 6.9 (5.9, 8.4)

Signs of current infarction on 
pretreatment scan, %

NA 23.9 28.8 35.5

Congestive heart failure, % 12.1 4.5 4.0 4.5

IQR indicates interquartile range; NA, not available; NIHSS, National Institutes of Health Stroke Scale; OTT, onset time to treatment; 
SD, standard deviation;  SITS- UK, Safe Implementation of Treatments in Stroke United Kingdom;  S- TPI,  Stroke- Thrombolytic Predictive 
Instrument.

*Ignoring missing values.
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Conclusion
Notwithstanding the assumption about the association 
between treatment and death, our findings suggest that reca-
librated  S- TPI is a good basis for predicting outcomes at 3 
months in treated patients and its explanatory power can be 
improved to reflect outcomes seen in routine practice.
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Figure. A, Calibration curve for S-TPI’s catastrophic outcome in 
SITS-UK cases.B, Calibration curve for S-TPI’s normal/near nor-
mal outcome in SITS-UK cases. C, Receiver-operating curve for 
the S-TPI and calibrated S-TPI.

Table 2. Logistic Parameter Estimates of the   
Stroke- Thrombolytic Predictive Instrument and Calibrated 
 Stroke- Thrombolytic Predictive Instrument for Treated Patients

Calibrating  S- TPI  
Using  SITS- UK  

Patients Surviving  
at 3 Months

Outcome
S-TPI 

Estimate Estimate P

Normal

Intercept 4.4476 2.0904 0.0159

Age per 1-y increase 0.0173 −0.0202 0.0412

Male vs female −0.0529 −0.168 0.1078

Diabetes −0.7431 . . . . . .

NIHSS unit increase −0.0076 −0.1576 0.0012

Previous stroke −0.4010 . . . . . .

Onset time to treatment 
per 1-min increase

−0.0034 . . . . . .

Serum glucose per unit 
mmol/L increase

. . . −0.0506 0.0360

Signs of current 
infarction on 
pretreatment brain scan

. . . −0.4630 0.0001

Age*NIHSS score −0.0029 0.0011 0.15773

Systolic blood pressure 
(per 1-mm Hg increase)

−0.0166 . . . . . .

Predicted S-TPI NA 1.3770 0.0117

All  SITS- UK patients 
(n=2, 212)

Catastrophic 

Intercept 0 −2.9032 <2e-16

Predicted S-TPI 1 5.1279 <2e-16

NA, not applicable; NIHSS, National Institutes of Health Stroke Scale;   
SITS- UK, Safe Implementation of Treatments in Stroke United Kingdom;   
S- TPI,  Stroke- Thrombolytic Predictive Instrument.
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Development of a computerised decision aid for
thrombolysis in acute stroke care
Darren Flynn1*, Daniel J Nesbitt2, Gary A Ford3, Peter McMeekin1, Helen Rodgers3, Christopher Price4,
Christian Kray5 and Richard G Thomson1

Abstract

Background: Thrombolytic treatment for acute ischaemic stroke improves prognosis, although there is a risk of
bleeding complications leading to early death/severe disability. Benefit from thrombolysis is time dependent and
treatment must be administered within 4.5 hours from onset of symptoms, which presents unique challenges for
development of tools to support decision making and patient understanding about treatment. Our aim was to
develop a decision aid to support patient-specific clinical decision-making about thrombolysis for acute ischaemic
stroke, and clinical communication of personalised information on benefits/risks of thrombolysis by clinicians to
patients/relatives.

Methods: Using mixed methods we developed a COMPuterised decision Aid for Stroke thrombolysiS (COMPASS) in
an iterative staged process (review of available tools; a decision analytic model; interactive group workshops with
clinicians and patients/relatives; and prototype usability testing). We then tested the tool in simulated situations
with final testing in real life stroke thrombolysis decisions in hospitals. Clinicians used COMPASS pragmatically in
managing acute stroke patients potentially eligible for thrombolysis; their experience was assessed using self-completion
forms and interviews. Computer logged data assessed time in use, and utilisation of graphical risk presentations
and additional features. Patients’/relatives’ experiences of discussions supported by COMPASS were explored
using interviews.

Results: COMPASS expresses predicted outcomes (bleeding complications, death, and extent of disability) with
and without thrombolysis, presented numerically (percentages and natural frequencies) and graphically
(pictographs, bar graphs and flowcharts). COMPASS was used for 25 patients and no adverse effects of use were
reported. Median time in use was 2.8 minutes. Graphical risk presentations were shared with 14 patients/relatives.
Clinicians (n = 10) valued the patient-specific predictions of benefit from thrombolysis, and the support of better
risk communication with patients/relatives. Patients (n = 2) and relatives (n = 6) reported that graphical risk
presentations facilitated understanding of benefits/risks of thrombolysis. Additional features (e.g. dosage calculator)
were suggested and subsequently embedded within COMPASS to enhance usability.

Conclusions: Our structured development process led to the development of a gamma prototype computerised
decision aid. Initial evaluation has demonstrated reasonable acceptability of COMPASS amongst patients, relatives and
clinicians. The impact of COMPASS on clinical outcomes requires wider prospective evaluation in clinical settings.

Keywords: Decision support, Decision aid, Patient information, Shared decision making, Risk communication,
Thrombolysis, Acute stroke
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Background
Thrombolysis (the breakdown of blood clots using
pharmacological agents; commonly called ‘clot-busting
drugs’) administered within 4.5 hours of acute ischae-
mic stroke onset (caused by a sudden blockage of an ar-
tery supplying blood flow to, or within, the brain)
improves outcome [1]. However, thrombolytic treat-
ment can cause bleeding complications, the most serious
being symptomatic intracranial haemorrhage (SICH)
that typically occurs within 24–36 hours and leads to
clinical deterioration or death [2,3]; although 90 day
mortality is not increased in patients treated with
thrombolysis [4]. Efficacy is time dependent, with earl-
ier treatment associated with increased likelihood of
functional independence (complete recovery or minor
disability) after acute stroke [4,5].
The thrombolysis decision-making context (extreme

time dependent nature of treatment outcome, and the
need to rapidly consider the trade-offs between the likely
long-term benefit and early risk of SICH and its conse-
quences) presents unique challenges for clinicians, pa-
tients and their relatives or proxy [6].
Aggregate-level estimates of the likely balance of bene-

fits and risks of harm from treatment derived from event
rates reported in randomised controlled trials [4,5] and
patient registries [7,8] have been used to support clinical
decision-making about thrombolytic treatment and to
convey probabilistic information on outcome states to
patients/relatives. However, benefit-to-harm ratios differ
as a function of individual patient characteristics due to
variation between patients who fulfil the licensing cri-
teria for treatment. The weighing up of value in treating
any individual patient and communication of this com-
plex information (alongside eligible patients presenting
too late to secondary care and lack of adequate infra-
structure to support delivery of thrombolysis services
[9,10]) is a key reason why thrombolysis is an under-
utilised treatment for acute stroke and door to needle
times (arrival time at hospital to administration of
thrombolysis) are sub-optimal [11,12]. Additional factors
inhibiting the use of thrombolysis include physician-
related factors such as uncertainty about effectiveness,
apprehensions about increased risk of SICH, and unre-
solved issues on relative contraindications for treatment
[5,13-15], and lack of robust data on the likely balance
of benefits and risks of treatment in routine practice as a
function of individual patient characteristics [16].
Evidence-based tools for thrombolysis in acute stroke

such as decision aids [17] are warranted to (i) optimise
treatment rates by assisting clinicians to weigh-up the
potential net benefit in treating any individual patient;
(ii) support clinicians in communicating accurate infor-
mation on risks/benefits and prognosis to patients (or
next of kin/proxy); and (iii) seamlessly support different

approaches to decision-making about thrombolysis, in-
cluding (where appropriate) engagement of patients/rel-
atives in shared decision-making with stroke clinicians
[6,18]. However, a recent review identified sub-optimal
development (e.g., lack of testing in clinical settings) and
content (e.g., failure to convey balanced synopses of ben-
efits/risks) of decision support, patient information and
risk communication tools for thrombolysis in acute
stroke [6].
The thrombolysis decision-making context in acute

stroke care may be viewed as one in which both clini-
cians and patients/relatives will gravitate toward a pater-
nalistic model of decision-making. However, the optimal
approach to decision-making in emergency contexts
such as acute stroke may vary on a case-by-case basis,
and stroke clinicians are best placed to facilitate the
engagement of patients or their relatives/proxy in a
thrombolysis shared decision-making process as much
as they desire, as appropriate, in accordance with their
preferences and values [19]. Indeed, the decision to treat
acute stroke with or without thrombolysis represents a
choice-based decision under conditions of uncertainty
involving trade-offs between the likely benefit and risk of
harm, which is sensitive to the preferences and values of
patients with regards to treatment and likely outcome
states following acute stroke [20-22]. These conditions
are appropriate for shared decision-making.
Exploratory work (interviews with 37 patients/relatives

and with 23 clinicians involved in decision making and
information provision about thrombolysis) has been re-
ported elsewhere [3]. In summary, this revealed a need:
to strengthen relational (face-to-face) decision support
from clinicians to guide patients/relatives through the
hyper-acute stroke period and thrombolysis decisions;
and for decision support for clinicians to weigh-up the
value in treating any individual patient with thromboly-
sis and for communicating individualised benefits/risks
to patients/relatives.
As self-report obtained from interviews does not always

equate to actual practice, we also used ethnographic
methods, including participant observation and informal
discussions to explored decision-making processes and
practices in situ in three acute units in the north east of
England. Participant observation [129.5 hours] enabled
examination of the way in which individuals organised
and made sense of their experiences, whilst informal
discussions provided clarification. Data analysis drew
on principles of the constant comparative method. Evo-
lution of field notes and coding were undertaken itera-
tively and concurrently with further data collection.
After multiple readings of the data, categories and
codes were derived either directly from the data in the
terms used by participants, with reference to relevant
literature.
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Analysis of seven thrombolysis assessment/decision-
making interactions between patients/relatives and clini-
cians in three acute stroke units revealed clinicians’ had
variable preferences on the ‘‘right time” to raise the pos-
sibility of thrombolytic treatment with patients/relatives
(i.e. before or after CT brain imaging). This reinforced
the need for rapid and pragmatic decision support that
would be accessible across the acute stroke pathway. De-
tailed findings of this phase are available from the corre-
sponding author.
Following a structured process and based on published

guidance [23,24], our objectives (informed by our initial
exploratory work) were to: (i) establish the optimal mode
and content of a decision aid to support eligibility
decision-making about thrombolysis for individual pa-
tients; and clinical communication of personalised infor-
mation on the benefits and risks of thrombolysis to
patients/relatives to support different approaches to de-
cision making in the acute stroke clinical setting; (ii)
identify and describe the key components of a resultant
prototype of a COMPuterised decision Aid for Stroke
thrombolySis (COMPASS); and (iii) establish the usabil-
ity of the prototype decision aid with clinicians and pa-
tients/relatives, in order to refine the user interface and
information content to enhance its acceptability and
feasibility in the acute stroke clinical setting.

Methods
A synopsis of the development process is shown in
Figure 1. Ethical and research governance approval for
each phase (where required) was secured from Re-
search Ethics Committees and participating Hospital
Trusts. Written informed consent was obtained from
clinicians and patients/relatives.

Development phase
Informed by exploratory work, the aims of this phase
were to (i) develop a robust decision analytic model
(DAM) to calculate predictions for acute stroke out-
comes (e.g., death and extent of disability) as a function
of individual patient characteristics; and (ii) identify the
optimal mode of delivery (paper-based or electronic),
form (numerical or graphical risk presentations to con-
vey outcome probabilities derived from the DAM) and
content (language to convey key information such as de-
scriptors for outcome states and time horizons for out-
come probabilities) of a prototype decision aid for
thrombolytic treatment.

Decision-analytic model (DAM)
The development process for the DAM to predict the
patient-specific probability of acute stroke outcomes is
reported in detail elsewhere [25], Briefly, the predictive
equations within the Stroke-Thrombolytic Predictive

Instrument [S-TPI] [26] were used as a basis to construct
the DAM. The S-TPI enables patient-specific predictions
at three months, with and without thrombolysis, for a nor-
mal/near normal outcome (defined as a modified Rankin
Scale (mRS) ≤1, which equates to no symptoms or slight
disability - as a function of seven patient variables); and
a catastrophic outcome (defined as a mRS ≥ 5, which
equates to severe disability/death - as a function of three
patient variables).
There are the differences between predicted outcomes

from the S-TPI and actual outcomes in routine clinical
practice [27,28]. Therefore using data from 2,401 rou-
tinely treated stroke patients from the Safe Implementa-
tion of Thrombolysis in Stroke UK database [7] the
original S-TPI predictive equations were adjusted to en-
sure: (i) consistency between outcomes predicted by the
DAM and actual outcomes of patients treated in routine
practice; and (ii) that definitions of outcomes were rep-
resentative of those typically used in clinical practice
(functional independence [mRS 0 to 2] - complete recov-
ery/minor disability; dependence [mRS 3 to 5] – moder-
ate/severe disability, and death); and (iii) the inclusion of
additional predictors of functional independence from ob-
servational studies of patients treated in routine practice
[29]. Predictions in the DAM for mRS 0 to 2, 3 to 5 and
death in untreated patients were validated using untreated
patient data (N = 5,715) from the Virtual International
Stroke Trials Archive [30].
A scoring model derived from patients treated with

thrombolysis in routine practice [31]) was selected to
calculate patient-specific predictions of risk of SICH. A
suitable predictive equation for outcomes following
SICH could not be identified in the literature. Therefore,
the subsequent impact of SICH on outcomes at three
months used proportions of patients that would likely be
mRS 0 to 2, 3 to 5 and dead following SICH [32].

Interactive group workshops
A suite of draft paper-based tools (Additional file 1)
were developed to convey the outcomes generated by
the DAM (informed by a literature review of currently
available tools, published elsewhere [6] and guidance on
presentation of outcome probabilities [33]) to support
eligibility decision making about thrombolysis for indi-
vidual patients (structured look-up tables and tables of
decisions rules for different levels of net benefit from
thrombolysis) and clinical communication of persona-
lised information on the risks/benefits of thrombolysis
to patients/relatives (clustered and stacked bar graphs,
pictographs and flowchart diagrams).
Draft paper-based tools were presented within inter-

active workshops (mixture of demonstration, open
discussion and small group exercises) with 12 stroke clini-
cians (five stroke physicians, two emergency department
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physicians, five stroke nurses) and with eight patients with
a history of previous stroke, and seven of their relatives.
Field notes on salient points and reactions of the partici-
pants were recorded, and summarised for discussion
within the research team to inform the development of an
alpha prototype of the decision aid for usability testing.

Development of alpha prototype
One of the authors (DN), a computing science graduate
with six years of programming experience (with support
from a senior computing scientist, CK) developed the

software, spending approximately 10 weeks [full-time
hours] to develop the alpha prototype of COMPASS.
The DAM was embedded within an alpha prototype of

COMPASS, which was developed on an iPad® mobile
digital device (Figure 2) for the following reasons: rapid
input of patient information by clinicians; the large LCD
touch sensitive screen facilitates accessibility and inter-
pretation of the risk presentations by clinicians and pa-
tients/relatives; and for ease of deployment at the point
of care without the need for additional peripherals or in-
tegration with existing hospital IT systems.

1a: Interview Study

Revisions to Decision Analytic Model

Draft paper-based decision support and risk communication tools

4: Feasibility of a beta prototype in the actual hyper-acute stroke setting

2b: Review of Tools 

3a: Interactive group workshops: 
1) Stroke clinicians
2) Stroke patients and relatives

1b: Ethnographic Study

Development of computerised alpha prototype decision aid

Revisions to alpha prototype 

Usability of the prototype with 
stroke patients and relatives 
as a risk presentation tool

Usability of the prototype with 
clinicians as a clinical decision

making and risk presentation tool

2a: Decision Analytic Model

Revisions to risk presentations

3b: Usability testing of computerised 
prototype in non-clinical settings

DEVELOPMENT PHASE

TESTING PHASE

EXPLORATORY PHASE

Figure 1 Overview of the development process.
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Numerical and graphical risk presentations based on
participants’ preferences on their form and content
(identified in interactive workshops) were embedded in
the prototype to convey outcome probabilities for short-
term acute stroke outcomes.
A series of user interface features were incorporated

into the prototype, informed by design principles from
human computer interaction [34]: (i) patient details and
outcomes all displayed on one screen (without scrolling)
to facilitate calculation/viewing of predicted clinical out-
comes; (ii) instant updating of patient details when users
changed one or more entered patient values to expedite
re-calculation of outcomes; (iii) instant validation for
continuous patient details in accordance with the licens-
ing criteria for thrombolysis (green ticks and orange ex-
clamation marks appear to the right of text boxes to
indicate that entered continuous values are within or
outwith the licensing criteria respectively, and red
crosses to the right of text boxes to indicate that invalid
values have been entered); and (iv) prompts and warning
messages when entered values are invalid or outwith the
licensing criteria for thrombolysis.
Populating the patient details (which would be under-

taken by the treating clinician) and selecting ‘calculate

outcomes’ generates outcome probabilities presented nu-
merically (percentages and natural frequencies) and
graphically (using pictographs, clustered bar graphs and
a flowchart diagram juxtaposed with stacked bar graphs).
Predicted net benefit and harm from thrombolysis (abso-
lute difference between probability of independence with
and without treatment) is presented in a summary box
at the bottom left of the screen.

Usability testing phase
Informed by previous phases, we aimed (i) to test usabil-
ity of an alpha prototype of COMPASS with clinicians
and patients/relatives, in order to optimise the user
interface and information content to enhance practical-
ity, acceptability and usability in the actual acute stroke
setting; and (ii) to establish the acceptability and feasibil-
ity of a beta prototype in the clinical setting based on ex-
periences of clinicians and patients/relatives.
Interactive usability testing of the prototype was

undertaken by 12 stroke clinicians (five stroke physi-
cians, five emergency department physicians, two stroke
nurse practitioners), plus five patients with a history of
stroke and four of their relatives.

Figure 2 Alpha prototype of COMPASS.
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Usability testing utilised paper prototyping [35] to
elicit clinicians’ preferences on screen appearance and
layout (portrait [vertical] orientation with radio buttons
for toggling between risk presentations; and two in land-
scape (horizontal) orientation with either radio buttons
or tabs for toggling between risk presentations); chrono-
logical order of patient details; labels used to denote pa-
tient details; and content of risk presentations. Clinicians
then used a functional prototype on the iPad, which was
customised in accordance with each clinician’s prefer-
ence on screen appearance/layout and content identified
during paper-prototyping. Clinicians were encouraged to
use COMPASS in a simulated way (e.g. entering data on
hypothetical cases), and their comments and reactions
during their interactions with the functional prototype
were recorded by the two researchers (DF and DJN).
The session ended with a brief interview about potential
benefits/problems with use of COMPASS in clinical
settings.
Patient/relative usability testing involved a demonstra-

tion of the risk presentations (paper and iPad screen
showing two patient scenarios - one with clear and one
with borderline benefit from treatment), followed by a
brief interview to elicit their views and preferences on
mode (paper or computerised presentation); type of risk
presentation (e.g., pictograph); order, complexity and
possible improvements that could be made to the risk
presentations; and potential benefits/problems with use
of the risk presentations during the hyper-acute period
of stroke.
All data collected during usability testing were dis-

cussed with the research team in regular project meet-
ings to inform production of a beta prototype of
COMPASS and design of a subsequent feasibility study
in the clinical setting.

Feasibility study
Over a six month period, 19 stroke physicians and stroke
nurse practitioners (within three acute stroke units in
England providing round the clock thrombolysis) were
given access to COMPASS on iPad® mobile digital de-
vices and a website. Each site was also supplied with a
wireless printer. One of the authors (DF) provided clini-
cians with a face-to-face tutorial on use of COMPASS. A
video tutorial on the fundamental operations of COM-
PASS was embedded within the iPad.
Clinicians used COMPASS pragmatically (i.e. at the

discretion of the treating clinician; this approach to use
of COMPASS was informed by discussions with clinical
teams prior to the feasibility study) within their acute
stroke pathway to support clinical decision-making for
thrombolysis, and/or communication of the risks/bene-
fits of treatment to patients/relatives. Paper-based self-

completion forms (Additional file 2), interviews and
computerised data logging (iPad) captured information
on the use of COMPASS by clinicians. Interviews with
patients/relatives explored their experiences of discus-
sions about thrombolysis supported by COMPASS. In-
terviews were audio recorded and transcribed verbatim
for the purposes of analysis.
Interviews with clinicians and patients/relatives were

conducted by one researcher (DF), and followed a topic
guide (see below). Interviews with clinicians took place
in private offices within acute stroke units as soon as
practicable following use of COMPASS. All interviews
with patients/relatives who agreed to participate in an
interview all took place in their homes within (~7+/−2
days) after the stroke/thrombolysis decision making dis-
cussion supported by COMPASS.

Interview guides used in the feasibility study
A. Clinician Interviews
General issues connected with their experience of

the consultation using the decision aid

� As an introductory question - What is the present
situation like (eligibility assessment and risk
communication) without the decision aid?

� How did eligibility selection/consultations using the
decision aid compare to a conventional eligibility
assessment/consultation?

Use of the decision aid for eligibility selection

� Did you use the decision aid for eligibility selection?
� Did the outcomes generated by the decision aid help

you make eligibility decisions?
� What are the benefits of using the decision aid for

eligibility selection?
� What are the problems with using the decision aid

for eligibility selection?
� If you did not use the decision aid for eligibility

selection-could you please explain why?

Role of the risk presentation tools

� Did you use the decision aid for risk
communication?

� What are the benefits of using the decision aid for
risk communication?

� What are the problems with using the decision aid
for risk communication?

� What risk presentations and strategies did you use?
� What information did you feel that you managed to

convey to patients/relatives using the decision aid?
� How did patients/family members react to the risk

presentations?
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� If you did not use the decision aid for risk
communication-could you explain why?

Acceptability of the decision aid and data collection
methods

� In your view what are the barriers (and facilitators)
to the use of the decision aid and its integration
within the current care pathway for thrombolytic
treatment in acute stroke?

� How could the support website and decision aid be
improved?

� How could the methods of data collection be
improved?

B. Patient and Relative Interviews
General issues connected with their experience of

the consultation

� What information were you given about
thrombolysis (clot-busting treatment) for stroke?

� Were you involved in the decision to have
clot-busting treatment?

� How did you feel about being involved in the
decision about clot-busting treatment?

� What things did you take into account when making
your decision?

Role of the risk communication tools:

� How did the doctor/nurse explain the benefits/risks
of clot-busting treatment to you?

� Were you shown risk and benefit information using
pictures?
o If yes, could you tell us about this? (elicit
information on mode [paper or on iPAD screen]
and form (e.g., pictograph)

� Did the information on risks/benefits of clot-busting
treatment help you to understand certain things?
What? How?

� Was there too much information? Was there
anything that was not clear?

� Did the information on risks/benefits help you make
a decision? If yes, how?

� Would you have liked a copy of the information on
benefits/risks of clot-busting treatment to keep? If
yes why?

� What other information/support would have been
helpful to you?

Interview data were subjected to an iterative conceptual
content analysis [36] by one member of the research team
(DF). A priori [based on topic guides] and emergent cod-
ing were used to summarise key themes for discussion

with the research team who served as a challenge forum
on the integrity of the analysis. Quotations from partici-
pants were used to represent key themes, and to enable
the reader to adjudicate on the robustness of the interpre-
tations. An integrative analysis of all data collected on use
of COMPASS (paper-based self-completion forms, inter-
views and computerised data logging) were considered
alongside our previous development work and relevant lit-
erature to inform production of a gamma prototype.

Results
Decision-analytic model
A decision-analytic model (DAM) was constructed to pre-
dict the patient-specific probability of acute stroke out-
comes at three months, with and without thrombolysis,
including risk of SICH and subsequent impact of SICH
(Figure 3). The DAM also includes patient-specific predic-
tions of risk of SICH for patients treated with thromboly-
sis (using a scoring model derived from patients treated
with thrombolysis in routine practice [31]), including the
subsequent impact of SICH on outcomes at three months
with reference to proportions of patients that would be
mRS 0 to 2, 3 to 5 and dead following SICH [32].

Interactive group workshops
Clinicians stated that paper-based decision support was
‘unwieldy’ and computerised methods were likely to be
the most efficient mode of delivery within the hyper-
acute period of stroke. Computerised methods were con-
sidered the most efficacious mode of delivering decision
support, and the draft risk presentations were consid-
ered useful for conveying short-term outcome probabil-
ities to patients/relatives.
Presentation of short-term outcomes in patient/rela-

tive friendly-language (e.g., “clot-busting treatment” for
thrombolysis) within verbal presentations by trusted cli-
nicians, supported by using pictographs or clustered bar
graphs (showing outcomes with and without thrombo-
lytic treatment - expressed as percentages and natural
frequencies with ‘out of 100 patients’ as the denomin-
ator) were identified as feasible methods for conveying a
balanced presentation of the benefits and risks of
thrombolytic treatment to patients/relatives. In contrast,
long-term outcomes (e.g., life expectancy) elicited strong
negative reactions from patients/relatives (i.e., highly
likely to elicit fear).

Usability testing
Clinicians reported potential benefits in enhanced
decision-making about thrombolysis for individual patients
within the licensing criteria, including better risk commu-
nication and informed consent. Clinicians expressed a
clear preference for pictographs as a risk presentation/
communication tool.
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Potential perceived barriers to use were: clinicians’ ac-
ceptance of the outcome probabilities; capability of pa-
tients/relatives to understand the risk presentations;
conveying an artificial level of certainty leading to poten-
tial problems with providing individualised information
to patients/relatives; and the potential to interrupt clin-
ical flow, and ultimately delay decision-making and
treatment.
The language used to describe the options (treatment

with and without thrombolysis) and outcome states (in-
dependence, dependence, death and SICH) conveyed in
the risk presentations were comprehensible to patients/
relatives. Patients/relatives revealed mixed preferences
for paper-based or computerised risk presentations. A
greater degree of involvement in the decision-making
process and increased reassurance about a decision to
consent to treatment, both before and after treatment (if
they were provided with a copy of the risk presentations)
were mentioned as benefits of the risk presentations. It
was evident from comments made by patients/relatives
that the risk presentations facilitated an understanding
(i) of the more immediate risk of SICH associated with
thrombolytic treatment and outcomes following SICH;
(ii) of the absolute increase in functional independence
(referred to colloquially as ‘hope’ or ‘life’) associated with
treatment; and (iii) that overall mortality was equivalent
with and without thrombolysis.
A majority considered it important to present a bal-

anced synopsis of the risks and benefits of treatment, al-
though there were mixed views on the value of conveying
risk of SICH (especially when this was ‘small’; 1 in 100

patients). Several expressed a preference on outcomes pre-
sented in the order of independence, dependence and
death. Concerns were raised by one patient and relative
that the risk presentations may convey too much informa-
tion during a highly stressful period (particularly the flow-
chart diagram), and emphasised that a focus could be
placed on the summary box showing the likely net benefit
from thrombolysis.
Usability testing informed amendments to the user

interface, graphical risk presentations and inclusion of
additional features (Table 1) to produce a beta prototype
(Figure 4).

Feasibility study
Data collected on contact forms and automatically
logged data on use of COMPASS by clinicians are sum-
marised in Table 2. Ten (out of 19 given access) clini-
cians reported using COMPASS for 25 patients (17
treated and eight not treated with thrombolysis) via the
iPad (n = 23) or the web (n = 3) over the six month study
period. COMPASS was used with 15 patients to support
clinical decision-making or to obtain more detail on
likely patient benefit after a decision to offer thromboly-
sis. Risk presentations generated by COMPASS were
shared with 14 patients/relatives (predominately with
relatives [n = 10] via the iPad screen [n = 11] using picto-
graphs [n = 14]). In three cases this was before treatment
to support informed consent, and in ten to augment un-
derstanding of the decision made about thrombolysis
after treatment. Pictographs were used to facilitate un-
derstanding of a decision not to offer thrombolysis to

Figure 3 Summary of Decision Analytic Model embedded within COMPASS. Predictions for mRS 0 to 2, 3 to 5 and death in untreated patients
were validated using data (N = 5,715) from untreated patients recorded in the Virtual International Stroke Trials Archive.

Flynn et al. BMC Medical Informatics and Decision Making  (2015) 15:6 Page 8 of 15



one relative. One stroke physician used COMPASS as a
clinical training aid with an emergency medicine phys-
ician to show the likely outcomes if a patient had arrived
within the time window for thrombolysis. COMPASS
was also used to assess the potential (missed) outcomes
for a patient that had not been referred to the stroke
team. Opportunities to use COMPASS, but where it was
not used by clinicians were reported on eight occasions.
No adverse effects of use of COMPASS were reported.
The National Institutes of Health Stroke Scale

(NIHSS) calculator (quantitative assessment of stroke-
related neurologic deficit [37]), weight convertor tool
and save function were each used for six cases. For five
cases the timeline (showing decrease in net benefit from
thrombolysis as a function of increasing stroke onset
time to treatment) was used. The print function was
used infrequently (n = 3). On three occasions data entry
errors were detected by COMPASS and error messages
given.
Time in use (first data input to calculation of out-

comes following result of brain imaging to populate the
data field ‘signs of current infarction on CT scan’) ranged
from 0.7 to 30 minutes; the median (IQR) was 2.8 mi-
nutes (7.6 minutes).
Clinicians reported benefits in clinical decision-

making: e.g. “clear presentation of the risks and

benefits…..able to look at the charts and say yes we
should do this or … confirming your no’ (Stroke Phys-
ician [SP] 2), especially for patients at extremes of the li-
censing criteria; e.g. the lower end of the NIHSS:
“confirmation that this low level of NIHSS had benefit”
(SP 6).
Benefits in risk communication were emphasised, in

particular visual presentation of data:

“feel comfortable saying actually five more people
would benefit, there’s no change in risk of death”
(Nurse Practitioner 1).

“there’s no significant additional mortality to the
natural history’ …. that’s very, very difficult
information to communicate without that sort of
pictogram” (SP 4).

One clinician emphasised the value of graphical risk
presentations to support provision of post-decision in-
formation to relatives who were not present at the time
of treatment: “useful to tell the family and then explain
what that treatment was and why it was or wasn’t a
clear decision” (SP 6).
Improved support to clinical governance and medico-

legal issues were highlighted as benefits of COMPASS:

Table 1 Amendments to alpha prototype of COMPASS resulting from usability testing

Amendment Rationale

• Landscape orientation with ‘tabs’ to switch between risk presentations • Analogous to existing systems (e.g., Internet explorer)

• Headers ‘inputs’ and ‘outcomes’ amended to ‘Patient details’ and
‘Predicted clinical outcomes’ respectively

• Reflects the language used in clinical practice, and to reduce perception
of an artificial level of certainty

• Order of patient details (demographics, medical history, blood results,
examinations and CT scan)

• Sequence that information ‘typically’ becomes available during the
hyperacute period

• Amendments to labels for patient details and menu of operational
definitions for patient details

• Avoid ambiguity, expedite data entry and security with data validation

• Separate text boxes for entering information on stroke onset time and
time likely to treat

• Security with data validation - with only one text box for ‘stroke onset
time to treatment’ there is no reference point for stroke onset time or an
explicit target treatment time

• Automatic deletion of entered values when editing (and clearing risk
presentation to indicate that calculation of outcomes needs to be
repeated)

• Security with data validation by reducing risk of data mis-entry/accidental
changes to patient details

• Amendments to risk presentations: • Consistency with preferences of clinicians and patients/relatives

o use of the letter H to denote SICH and impact of SICH in the
pictograph for treated outcomes

o re-ordering information in the clustered bar graph and flowchart
diagram (independence, dependence, death)

• Inclusion of additional features: • Increased acceptability and usability - enhanced governance/consent
processes; and facilitating case review and use as a clinical training aid

o weight conversion tool (Stones/lbs to kg);

o NIHSS calculator;

o ‘timeline’ function showing decrease in likely benefit from treatment as
a function of stroke onset time to treatment;

o ability to save and print the risk presentations
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“emphasises the importance of not only documenting a
very high quality conversation but also puts our focus
of mind that this is an important piece of managing
the patient in that very difficult time” (SP 3).

“it then becomes part of the record which I think will
stand up better in court” (SP 4).

One clinician encountered difficulties with use of the
bar graph. Nevertheless, clinicians generally considered
that relatives found the risk presentations [pictographs]
beneficial for risk communication and enhancing en-
gagement: “They get more engaged rather than just
dazed when we explain the benefit and risk and they get
to see something and they’re more focused on what we’re
discussing” (SP 3).
Seven themes on barriers to use of COMPASS were

identified from interviews with clinicians and data from
self-report forms: (i) when stroke physicians were involved
in remote consultations with emergency medicine physi-
cians; (ii) iPad not charged/unavailable for use; (iii) com-
plex cases involving a consideration of variables not listed
in COMPASS; (iv) inexperience with using computer

technology/iPad; (v) confidence in accepting data on out-
comes for patients at the extremes of the licensing criteria;
(vi) patients clearly within the licensing criteria for treat-
ment; and (vii) clinicians’ reservations about sharing infor-
mation on ‘large’ probabilities of death/poor outcomes
with patients/relatives.
Interviews with patients (n = 2) and relatives (n = 6)

described how features of the graphical risk presenta-
tions (juxtaposition of displays with and without treat-
ment and use of colour) enhanced their comprehension
of the risks/benefits of treatment, including increased
comfort with providing consent for thrombolysis and in-
volvement in decision-making:

“especially in such stressful circumstances, someone
just quoting figures at you one in this and two in
that……..you can compare the pictures alongside each
other rather than somebody saying you know well 20%
this and 25% that” (Relative 4).

“It gave me as you say a visual sort of explanation of
it which I couldn’t have taken in mentally, not at that
time” (Relative 2).

Figure 4 Beta version of COMPASS.
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“green’s for go you know…..to me, is a positive thing”
(Relative 3).

One relative would have preferred one-to-one verbal
presentation only and another would have preferred not
to have received information on death: “I don’t think
that the information about one in however many within
a year dies……. I thought ‘I don’t really need that infor-
mation at the minute” (Relative 4)
The value of being given a paper copy of the risk pre-

sentations to keep was noted by one relative (it enabled
reflection on the consent discussion and provided re-
assurance that the most appropriate decision had been
made): “I was able to just reflect and say okay I’ve done
the right thing for my wife” (Relative 3)
Findings and subsequent discussions within the re-

search team informed amendments to COMPASS
(Table 3) to produce a gamma prototype (Figure 5). De-
tails of the full range of additional features in the
gamma prototype are shown in Additional file 3.

Discussion
This is the first study to develop and pilot test the use of
a decision aid for treatment of acute stoke with intraven-
ous thrombolysis in the clinical setting. COMPASS has
been designed in an effort to support: (i) the clinical de-
cision to offer thrombolysis based on individual differen-
tial effectiveness, (ii) clinicians with a mechanism to
rapidly communicate the probability of a good clinical
outcome and the risks of thrombolysis with patients/rel-
atives in order to respect their autonomy; and (iii) clini-
cians to assess the degree to which patients/relatives
desire to engage in thrombolysis decision-making prior
to making the decision to administer treatment.
The findings of the feasibility study provides evidence

that COMPASS may have tangible benefits in the clinical
setting for supporting patient-specific eligibility selection
for thrombolysis in the treatment of acute ischaemic
stroke and personalised risk communication, including
support for recording of decision-making. The decision
aid also has potential use as a clinical training aid.
COMPASS supports ‘instant validation’ of entered pa-
tient values on continuous variables in accordance with
the current licensing criteria for thrombolysis. Various
scenarios (based on real or simulated patients) can be
used to facilitate learning about assessment of eligibility
for thrombolysis, including absolute and relative contra-
dictions for treatment within the current licensing cri-
teria and likely clinical outcomes at three months after
stroke. The graphical risk presentations can also be used
to develop skills in communicating benefits and risks to
patients and their relatives in the acute setting. Further-
more, additional features such as the NIHSS and dosage
calculators can be used to facilitate training on assessment

Table 2 Data on use of COMPASS in the clinical setting

Generic pattern of use by clinicians (N = 10) F (%F)

Cases

Treated patients 17

Untreated patients 8

Overall 25

Platform

iPad 23

web 3

Category of use

Clinical decision making 12

Obtain more detail on likely patient benefit 3

Risk presentations shared with relatives/patients 14

Other clinical activity 2

Opportunity for use, but not used

Decision aid was unavailable 1

Not used for other reason 7

Risk presentations shared with patients/relatives (N = 14)

Period when risk presentation was shared

Before infusion 3

After infusion 10

Justify decision not to offer thrombolysis 1

Risk presentation shared with:

Patient 1

Relative(s) 10

Patient and relative(s) 3

Mode of risk presentation

iPad 11

Paper 3

Form of risk presentation

Pictograph 14

Clustered bar chart 1

Flowchart/stacked bar graph 0

Logged data, N = 21 cases

Risk presentations viewed

Pictograph 21

Clustered Bar Graph 9

Flowchart and stacked bar graphs 6

Use of additional features

NIHSS calculator 6

Weight convertor 6

Save function 6

Timeline 5

Print function 3

Time in use (minutes) 2.8 (7.6)*

*Median (IQR).
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of stroke severity and total rt-PA dose (mg), bolus (ml), IV
infusion (ml/hr) and number of 50 mg rt-PA vials needed.
Finally, the extreme time dependency of treatment and
the need for expeditious door to needle times can be mod-
elled by using the timeline function.
The benefits of involving patients/relatives and clini-

cians in an iterative co-design and development process
(with reference to evidence-based methods to present a
balanced synopsis of probabilistic information on bene-
fits/risks) ensures that the mode, form and information
content of COMPASS is responsive to users’ prefer-
ences and the complexities of the decision context
[6,33]. Furthermore, it enabled the development of a
different type of decision aid to those used in non-
emergency settings, and which addressed shortcomings
of currently available tools for supporting decision-

making and patient understanding in the treatment of
acute stroke with thrombolysis [6].
The ability of COMPASS to rapidly present indivi-

dualised outcome probabilities has potential benefits
over aggregate-level estimates to support eligibility
decision-making in two ways: (i) enhanced comfort/
confidence with thrombolysis decisions, in particular
for patients at the extremes of the licensing criteria;
and (ii) minimising ‘black and white’ decision-making
(based exclusively on whether or not a patient is within
the licensing criteria) by emphasising a need to con-
sider the magnitude of likely net benefit/risk for any in-
dividual patient. This represents more effective and
appropriate patient selection in comparison to target
driven or binary decision-making based on licensing
criteria alone.

Table 3 Amendments to the beta version of COMPASS following feasibility testing in the clinical setting

Amendment Rationale

Revisions to decision analytic model • Enhanced clinical face validity of predicted outcomes and
accuracy of predicted risk of SICH

o Time horizon of three months for predicted outcomes (independence,
dependence and death)

o Inclusion of new scoring model for risk of symptomatic intracranial haemorrhage,
which necessitated the addition ‘current use of Clopidogrel’ and ‘history of
hypertension’ to the list of patient details

Inclusion of the additional features: • Enhanced clinical utility and interpretability

o rt-PA dosage calculator, with a pop-up icon displaying detailed dosage figures

o Glucose conversion tool (mg/dl to mmol/L)

o Line graph incorporated into timeline function to show more clearly the decrease
in likely benefit from thrombolysis as a function of stroke onset time to treatment

Amendments to list of patient details and warning messages: • Enhanced clinical face validity and usability, reduced risk of
data entry errors and security with data validation

o Amended warning for entered NIHSS values < 5 and > 25: “The license states that
a minor neurological deficit or severe stroke as assessed clinically (NIHSS > 25) are
relative contraindications to treatment with rt-PA. For patients with mild stroke the
risks may outweigh the expected benefit. Patients with very severe stroke are at
increased risk of intra-cerebral haemorrhage.”

o Rules for number of integers that need to be entered for onset time, target
treatment time, age, systolic blood pressure, glucose and weight); e.g. users must
enter >1 and <4 integers for systolic blood pressure

o Signs of early infarction on CT/MRI scan replaced with ‘Signs of current infarction
at baseline imaging’

o Larger text boxes for two patient details: systolic blood pressure and glucose (BM)

o Added flexibility for stoke onset time and target treatment time – users can enter
values in multiple formats (hhmm, hh:mm, hh.mm)

Amendments to the risk presentations: • Enhanced interpretability of predicted clinical outcomes

o Addition of time horizon for SICH ‘within 24–36 hours after clot-busting treatment’

o Added to whitespace area: “Please note: predicted clinical outcomes at 3 months
apply to patients with pre-stroke modified Rankin scores of 0 to 2”

Other amendments to the user interface: • Enhanced usability and

o Inclusion of ‘acute ischaemic stroke’ to header ‘predicted clinical outcomes’ • acceptance of the decision aid

o Disabled copy/paste function (tablet computer only)

o Inclusion of readability statistics and production date
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Time in use was within acceptable parameters. The
outlying value of 30 minutes represents inputting of ini-
tial demographic data then entering once CT scan had
been confirmed (as opposed to waiting for CT scan to
be confirmed before populating all data fields). Any
negative impact on clinical flow/door to needle time (ar-
rival at hospital to administration of treatment) which
may delay treatment decision-making and thrombolysis
(due to additional time needed to explain the content of
risk presentations to patients and relatives) can be mini-
mised by using COMPASS in parallel to other processes
along the thrombolysis pathway so that delay is mini-
mised e.g. whilst waiting for brain imaging.
Use of COMPASS in the feasibility study after treat-

ment might suggest a primary use to justify decisions
in accordance with a paternalistic model of decision-
making. However, the majority of cases had clear net
benefit and clinicians reported enhanced communication
with patients/relatives, including conveying risk of SICH
which patients may find difficult to process [20]. The lat-
ter is important, as acute stroke is often experienced by
patients/relatives as a traumatic event, which can im-
pede their capacity to understand verbal information
conveyed by clinicians [3].

Comprehension of potential benefit versus harm of
treatment, including increased comfort with providing
consent for thrombolysis and engagement in decision-
making were identified as possible benefits of the risk
presentations with patients/relatives. The use of picto-
graphs to convey probabilistic information is consistent
with research reporting on their acceptability in people
with differing health literacy skills, including facilitating
the acquisition of verbatim (specific probabilistic infor-
mation) and gist knowledge (general impression) [38].
Issues related to clinicians’ acceptance of probabilities

highlights situations where engaging patients/relatives
(where appropriate) in shared decision making with cli-
nicians may be the most appropriate approach. Out-
comes generated by COMPASS represent choice-based
decisions under conditions of uncertainty involving
trade-offs between the likely long-term benefit (reduced
risk of significant post-stroke disability) and short-term
risk of SICH and its consequences, which are likely to
be valued differently by individual patients/relatives
[20-22]. However, there are varying individual prefer-
ences for information on thrombolysis (e.g. for mortality
identified in our study) and involvement in decision-
making [20,21].

Figure 5 Gamma version of COMPASS.
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COMPASS affords potential for further strengthening
relational decision support practices by providing an add-
itional mechanism to help clinicians to guide patients/rel-
atives through the thrombolysis decision-making process,
including augmenting patient/relative autonomy by facili-
tating their active involvement in thrombolysis decision-
making.
Generalisability of our results must be made cautiously

due to the limited sample sizes of patients/relatives and
clinicians in the feasibility study. Analysis of the inter-
views was also performed by a single author (DF), al-
though any potential bias was minimised by engaging the
other authors in the role of peer reviewers/debriefers (i.e.,
emerging themes were discussed within group meetings)
to ensure the conceptual interpretations were a credible
account of the participants’ experiences.
A prospective evaluation in other centres and health

care systems (along with skills training for clinicians on
risk communication), with larger samples of stroke clini-
cians and patients/relatives, to assess the utility and im-
pact of the gamma prototype on thrombolysis rates,
clinical outcomes, healthcare utilisation and safety, with-
out compromising door-to-needle time is warranted.
Further work is also needed to optimise use of COM-
PASS as a clinical training aid, and how it could be em-
bedded/adapted for use within the telemedicine model
of acute stroke care, including adoptability within other
systems designed to facilitate rapid assessment of patient
eligibility for thrombolysis.
Gamma prototype versions of COMPASS have been

developed for smartphone, desktop and tablet computers
to address issues related to accessibility. Relevance and
quality of information content of COMPASS may dimin-
ish rapidly over time due to availability of new data on ef-
fectiveness of thrombolysis, including information systems
designed to deliver decision support [6]. Therefore, to
address these threats to ‘temporal validity’ there is a re-
quirement to secure resources for supporting routine
maintenance and updating of information content to
support protracted use of decision aids such as COM-
PASS, including weighing up the pros and cons of
implementation informed by prospective evaluation
from randomised trials or real-time service evaluations
[6,24,39].

Conclusions
COMPASS may have tangible benefits in supporting
patient-specific clinical decision-making about thromb-
olysis, and in risk communication with patients/relatives
to augment understanding of thrombolysis and support
with recording of thrombolysis decisions, including
where appropriate increasing engagement of patients/
relatives in shared decision making. Acceptability and
functionality of COMPASS in other centres and health

care systems (with larger samples of stroke clinicians and
patients/relatives); including impact on door-to-needle times
and thrombolysis rates requires prospective assessment in
the clinical setting.

Additional files

Additional file 1: Draft paper-based tools. Examples of draft paper to
support eligibility decision making about thrombolysis for individual
patients (structured look-up tables and tables of decisions rules for
different levels of net benefit from thrombolysis); and clinical communication
of personalised information on the risks/benefits of thrombolysis to
patients/relatives (clustered and stacked bar graphs, pictographs and
flowchart diagrams).

Additional file 2: Paper-based self-completion form. Paper-based
self-completion form used to collect data on use of COMPASS in the
clinical setting by clinicians during the feasibility study.

Additional file 3: Overview of Additional Features in COMPASS.
Additional features in the gamma prototype version of COMPASS.
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