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Abstract 

Background:  Patients with ischaemic stroke or transient ischaemic attack (TIA) are at high risk of incident cardiovas-
cular events and recurrent stroke. Despite compelling evidence about the efficacy of secondary prevention, a sub-
stantial gap exists between risk factor management in real life and that recommended by international guidelines. We 
conducted the STROKE-CARD trial (NCT02156778), a multifaceted pragmatic disease management program between 
2014 and 2018 with follow-up until 2019. This program successfully reduced cardiovascular risk and improved health-
related quality of life and functional outcome in patients with acute ischaemic stroke or TIA within 12 months after 
the index event. To investigate potential long-term effects of STROKE-CARD care compared to standard care, an 
extension of follow-up is warranted.

Methods:  We aim to include all patients from the STROKE-CARD trial (n = 2149) for long-term follow-up between 
2019 and 2021 with the study visit scheduled 3–6 years after the stroke/TIA event. The co-primary endpoint is the 
composite of major recurrent cardiovascular events (nonfatal stroke, nonfatal myocardial infarction, and vascular 
death) from hospital discharge until the long-term follow-up visit and health-related quality of life measured with the 
European Quality of Life-5 Dimensions (EQ-5D-3L) at the final visit. Secondary endpoints include overall mortality, 
long-term functional outcome, and target-level achievement in risk factor management.

Discussion:  This long-term follow-up will provide evidence on whether the pragmatic post-stroke/TIA intervention 
program STROKE-CARD is capable of preventing recurrent cardiovascular events and improving quality-of-life in the 
long run.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

†Christian Boehme and Lena Domig have contributed equally to this work

*Correspondence:  stefan.kiechl@i-med.ac.at

1 Department of Neurology, Medical University of Innsbruck, Anichstrasse 35, 
6020 Innsbruck, Austria
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-9836-2514
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12872-022-02785-5&domain=pdf


Page 2 of 10Boehme et al. BMC Cardiovascular Disorders          (2022) 22:347 

Background
Stroke is the second leading cause of death worldwide 
and one of the leading contributors to disability [1, 2]. 
Furthermore, the life-time risk of stroke in people over 
25 years of age is approximately 25%. [3] While the age-
specific incidence of stroke is decreasing in most high-
income countries, the absolute number of stroke patients 
is still rising, mainly based on continuous population 
aging and growth [1]. Stroke survivors and TIA patients 
are at high risk of suffering from further cardiovascular 
events and stroke. The risk for a recurrent stroke is high 
at about 10% within the first year after the stroke event 
and more than 25% within the first 5 years [4]. Recurrent 
strokes account for about one quarter of stroke events in 
nationwide registries [5]. This subgroup tends to have a 
worse functional outcome and elevated risk of death [6]. 
Persisting deficits and potentially avoidable long-term 
post-stroke complications are significant contributors to 
functional impairment and poor quality of life in the long 
run after ischaemic stroke and TIA and therefore are an 
appealing target for concerted interventions.

There is compelling evidence that > 90% of ischaemic 
strokes are attributable to poor lifestyle and modifiable 
risk factors and most patients with acute stroke have one 
or more un- or undertreated risk factors [7, 8] Evidence-
based behavioural and pharmacological secondary pre-
vention strategies were estimated to reduce the risk of 
recurrent cardiovascular events by more than 80% [9]. 
However, real-world data show that prevention goals and 
risk factor target levels are rarely achieved [8, 10–15]. 
Thus, there is a significant gap between evidence-based 
stroke prevention on the one hand and realization of 
preventive measures and target level achievements in 
the real world on the other. The gap even broadens in 
patients with recurrent stroke or TIA [8]. Also, discon-
tinuation of prescribed medications seems to be an 
uphill battle in post-stroke care and applies to roughly 
one-third of stroke patients within the first year after the 
stroke event [16, 17].

The recently published STROKE-CARD trial, a multi-
faceted pragmatic post-stroke disease management pro-
gram reduced rates of recurrent cardiovascular events 
by one third (HR 0.63; 95% CI 0.45–0.88; P = 0.007). The 
number needed to treat to prevent one major CVD event 
in the first year after the stroke or TIA was 35 (95% CI 
19–154). Also, quality of life in stroke and TIA-patients 
was improved in the first year after the index event. 

The median EQ-5D-3L health utility score was 0.783 
(IQR 0.687–1.000) in the STROKE-CARD care group 
and 0.779 (IQR 0.573–1.000) in the standard care group 
(P < 0.001) [18, 19]. To investigate potential long-term 
effects of STROKE-CARD care an extension of follow-up 
of the trial patients is warranted.

Acute and short-term management of stroke and TIA 
has improved tremendously over the past years with 
substantial advances in acute therapy, implementation 
of comprehensive pathways for stroke and TIA, and 
approval of novel highly effective preventive treatments. 
As a decisive unmet challenge in stroke medicine, strat-
egies of long-term care have to be developed and rigor-
ously tested in order to maintain improved short-term 
patient outcome in the long run and the STROKE-CARD 
concept holds promise here.

Methods
Study objectives
The main objective is to gain scientific proof that the 
disease management program STROKE-CARD [18, 19] 
ameliorates patient wellbeing (health-related quality of 
life) and reduces recurrent cardiovascular events among 
stroke or TIA patients over a period of 3–6 years after the 
index event.

Secondary objectives include long-term functional 
outcome over longer term after participation in the 
STROKE-CARD trial, a detailed assessment of patient 
adherence to drug prescriptions and identification of 
subgroups with the most pronounced benefit, determina-
tion of sustainability of benefits of STROKE-CARD care 
over longer term and target level achievement of cardio-
vascular risk factors.

Study design and centres
The study is designed as a long-term follow-up of the ran-
domised patients included in the STROKE-CARD trial 
with blinded outcome assessment. STROKE-CARD was 
a pragmatic block-randomised controlled open-label trial 
with blinded outcome assessment using standard care 
versus STROKE-CARD care. The differences in care were 
described previously [18, 19]. The study was registered 
with clinicaltrials.gov (NCT04205006) before recruitment 
on December 19th 2019. The two study centres are the 
Departments of Neurology at the University Hospital Inns-
bruck and the Hospital St. John of God in Vienna, Austria. 
The department in Innsbruck serves as the comprehensive 

Trial registration clinicaltrials.gov: NCT04205006 on 19 December 2019.

Keywords:  Ischaemic stroke, Transient ischaemic attack, Stroke secondary prevention, Disease management 
program, Stroke long-term follow-up
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tertiary stroke centre for the entire federal state of Tyrol 
(catchment area approximately one million inhabitants) 
and as the primary stroke unit for the city of Innsbruck 
and 65 surrounding suburban communities with approxi-
mately 300,000 inhabitants. Patients from this exclusive 
catchment area represent an entirely unselected cohort of 
stroke and TIA patients [5]. The Hospital St. John of God 
in Vienna serves as one of the three comprehensive stroke 
units in Vienna, Austria. The Viennese network includes 
five additional primary stroke units and serves the city of 
Vienna with a catchment area of approximately 1.9 million 
inhabitants.

Study population
The study population comprises all patients with acute 
ischaemic stroke or TIA (ABCD2-Score ≥ 3) who took part 
in the STROKE-CARD trial [18, 19]. In brief, the exclusion 
criteria for the STROKE-CARD trial were patients living 
outside the survey area and those with permanent severe 
disability (modified Rankin Scale [mRS] = 5), life expec-
tancy < 1  year, drug addiction or alcohol abuse [20]. We 
aim to contact every patient (n = 2149) for recruitment, 
except for those who aborted or deceased within the previ-
ous STROKE-CARD trial. Patients will be informed about 
goals, procedures and potential risks of the study. They will 
be invited to a single out-patient visit at our departments. 
If the patient is unable or unwilling to travel, the study visit 
will be done by phone. We will gather medical reports from 
general practitioners and the Tyrol’s hospitals. All patients 
included in the follow-up study will provide written 
informed consent. In case we fail to trace a patient, we will 
retrieve medical information from his/her general practi-
tioner as well as hospital records. Inclusion and exclusion 
criteria are listed in Table 1.

STROKE‑CARD intervention
Standard care involved in-hospital patient counselling 
and education, dietary advice, smoking cessation support, 
printed information materials and a detailed discharge-
from-hospital report (including patient-tailored target lev-
els for risk factor management) to the general practitioner 
and the patient. Patients with persisting deficits were trans-
ferred to rehabilitation services within the scope of the 
local stroke pathways [5]. Selected high-risk patients (e.g. 
patients after carotid surgery) were seen in the outpatient 
clinics. As part of the Austrian Stroke Unit Registry study 

nurses conducted routine telephone interviews to assess 
the patients’ 3-month functional outcome [21].

The intervention from the previous STROKE-CARD 
trial was published previously [18, 19]. In short, addi-
tionally to standard care, STROKE-CARD care involved 
an outpatient appointment for patients and care-givers 
scheduled three months after the index event and lasting 
two to three hours. This additional appointment was per-
formed by a multidisciplinary team of stroke physicians, 
nurses, physiotherapists, occupational and speech thera-
pists. It had the following aims: (a) to reevaluate stroke/
TIA aetiology (with potential changes in prevention 
strategies), (b) to reassess risk factor levels and optimize 
secondary prevention (adapting medication lists and 
reinforcing drug adherence), (c) to systematically screen 
for post-stroke complications and other health problems 
(holistic approach with initiation of therapy and/or refer-
ral to specialists), (d) to assess rehabilitation demands 
(with referral to rehabilitation services), (e) to manage 
new-onset cardiovascular disease (CVD) and warning 
signs of imminent CVD (including referral to revascu-
larization procedures if appropriate), and (f ) to enhance 
patient self-empowerment and knowledge   about  CVD 
and to counsel patients on all matters raised by them-
selves or their care-givers. Patients and care-givers 
were also given access to the web-based patient portal 
“MyStrokecard” for risk factor monitoring, ascertain-
ment of post-stroke complications, and extended patient 
education. They also were offered to contact the study 
personnel in case of health problems. They received 
training for this e-tool during hospital stay with a tailored 
composition according to individual risk profiles and tar-
get levels and introduction to easily applicable screening 
tools for post-stroke complications.

Study procedures
Informed consent will be gathered by a consultant neu-
rologist within the study team staff. All other study pro-
cedures will be undertaken by the members of the study 
team staff, who are trained for the specific tasks (consult-
ant neurologists, resident neurologists, PhD students, 
nurses). All patients from each arm of the STROKE-
CARD trial will receive the same procedures in the fol-
low-up study.

We will assess multiple items using different question-
naires: health-related quality of life using the European 
Quality of Life-5 Dimensions EQ-5D-3L overall health 
utility score [22, 23]; mood and anxiety will be assessed 
using the Beck Depression Inventory (BDI) and the Hos-
pital Anxiety and Depression Scale (HADS) [24, 25]; 
fatigue will be assessed using the Fatigue Severity Scale 
[26] and incontinence via the Overactive Bladder Symp-
tom Score (OABSS) [27]. Additionally, activities and 

Table 1  STROKE-CARD long-term follow-up inclusion and 
exclusion criteria

Inclusion criteria Exclusion criteria

Inclusion in the previous STROKE-CARD trial
Written informed consent

None
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sports will be assessed using the Baecke Score [28], falls 
with a fall diary and patient satisfaction using the Post-
Stroke checklist [29]. Activities of daily living will be 
assessed using the Barthel index [30]. In case of seizures 
we will use the Seizure Severity Questionnaire for assess-
ment [31]. In case of active smoking, a Fagerstroem-test 
will be handed out to the patient [32]. Cognitive disor-
ders will be assessed using the Mini Mental State Exami-
nation (MMSE) [33], the Montreal Cognitive Assessment 
(MoCA) [34] and the DSM-V-criteria for cognitive disor-
ders [35].

The neurological assessment includes the National 
Institutes of Health Stroke Scale (NIHSS) [36] and modi-
fied Rankin scale (mRS) [20] to screen for residual defi-
cits and patient outcome. We will perform an assessment 
of social status including nursing allowance and medical 
history since the last study visit of the STROKE-CARD 
trial, including reports from other hospitals, general 
practitioners and specialists will be used for assessment 
of vascular outcomes and other incident diseases e.g. 
myocardial infarction, angina, strokes (ischaemic and 
haemorrhagic) transient ischaemic attacks, revasculariza-
tion procedures and vascular interventions, new comor-
bidities, hospital admissions and history of seizures, 
syncopes, falls and fractures. Additionally, a structured 

headache history will be assessed. The SPIRIT flow dia-
gram of study procedures is depicted in Table 2.

We will assess cardiovascular risk factors and the 
respective target regarding blood pressure measure-
ments, biometric measures (weight, height, body-mass 
index, waist-to-hip ratio), smoking and alcohol intake 
(cigarettes per day and pack-years as well as grams of 
alcohol per day). Laboratory examinations include blood 
sugar levels, glycated haemoglobin, cholesterol param-
eters, kidney function, electrolytes, inflammation and 
coagulation parameters as well as liver enzymes and a 
full blood cell count. Additionally, the Framingham Risk 
Score will be assessed at the follow-up visit [37]. Tar-
get levels of cardiovascular risk factors are depicted in 
Table 3.

We will assess cervical artery atherosclerosis, plaque 
burden and possible stenosis by high resolution ultra-
sound. Heart rhythm analysis will be performed using 
the Fibricheck® software (a registered medical device 
IIa, certified under Directive 93/42/EEC and all software 
is compliant to ISO62304) via a tablet computer [44]. In 
case of abnormalities, an electrocardiogram (ECG) will 
be performed for further diagnosis.

Blood samples are drawn after an overnight fast and at 
least 12-h abstinence from smoking and are immediately 

Table 2  SPIRIT flow diagram of study procedures

CVD cardiovascular disease, QoL quality of life

The allocation to standard care and STROKE-CARD care was done in the former STROKE-CARD trial. In this follow-up study, all patients will receive the same 
procedures

Timepoint Allocation in former trial Enrolment and post-allocation

2014–2018 Before visit Follow-up visit

Enrolment

 Eligibility screen X

 Informed consent X

 Allocation X

Interventions

 Laboratory exam incl. biobank X

 Functional and neurological status X

 Sonography exam X

 Cognition exam X

 Questionnaires X

 Heart rhythm analysis X

Assessments

 Demographic data X

 Composite CVD endpoint X

 Health-related QoL

 Vascular events

 All-cause mortality

 Target levels of risk factors

 Functional outcome
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processed and used for routine testing and establishment 
of a biobank (plasma, serum, whole blood). The samples 
will be archived in safeguarded freezers at − 80  °C. The 
temperature is permanently monitored by the hospital’s 
technical service unit with backup capacity available in 
case of a technical defect. Sample storage complies with 
the OECD guidelines [45] and is in accordance with the 
national Bioethics Commission Report (recommenda-
tions of the Austrian bioethics commission) [46].

Outcomes
Primary outcomes (co‑primary endpoint)

•	 Composite CVD defined as nonfatal ischaemic 
stroke, nonfatal haemorrhagic stroke, nonfatal myo-
cardial infarction, or vascular death between hospital 
discharge and the long-term follow-up visit.

•	 Self-reported health-related quality of life at the long-
term follow-up visit quantified with the European 
Quality of Life 5-Dimensions 3-Levels (EQ-5D-3L) 
overall health utility score with rescaled European 
visual analogue scale weights.

The composite CVD outcomes will be reviewed and 
assessed by an outcome adjudication committee blinded 
to patient allocation in the former STROKE-CARD trial.

Secondary outcomes

Composite CVD outcome of ischaemic stroke, haem-
orrhagic stroke, or transient ischaemic attack (TIA) 
(defined as transient neurological deficit < 24  h and 
absence of DWI [diffusion-weighted imaging] posi-
tive lesions in MRI)
All-cause mortality

Individual 3-level components of the European 
Quality of Life 5-Dimensions 3-Levels (EQ-5D-3L) 
questionnaire (i.e. mobility, self-care, usual activi-
ties, no pain or discomfort, no anxiety or depres-
sion) comparing people reporting no problems 
(level 1) with those reporting problems (level 2 and 
3) at the study visit [22, 23].
Proportions of participants achieving target lev-
els of risk factors in each trial arm of the previous 
STROKE-CARD trial, including

•	achieving a systolic blood pressure < 140 mmHg 
and a diastolic blood pressure < 90  mmHg at 
the 12-month visit or a systolic blood pressure 
< 130  mmHg and a diastolic blood pressure 
< 85 mmHg at the study visit in patients with dia-
betes mellitus, severe renal impairment (defined 
as estimated glomerular filtration rate < 30  mL/
min/1.73 m2), or small-vessel disease at baseline 
[38],

•	Achieving a glycated haemoglobin (HbA1c) con-
centration < 7.0% at the study visit in patients 
with diabetes mellitus, or less stringent targets in 
selected individuals [42]

•	Having quit smoking by the study visit in 
patients that had been smokers at baseline in the 
STROKE-CARD trial [43],

•	Being physically active for an average of 40 min 
at least three times per week assessed with the 
Baecke questionnaire based on the questions 
on the number of hours of sports activities per 
week, months doing this sport in a year, minutes 
spent walking during leisure time, and minutes 
spent cycling during leisure time [28],

Table 3  Conditions and target levels of cardiovascular risk factors

BP blood pressure, LDL-C low density lipoprotein cholesterol, HbA1c glycated haemoglobin
a Patients with intra- or extracranial vessel stenosis, instable plaques, atherothrombotic strokes, atherosclerotic cardiovascular comorbidities or Diabetes
b HbA1c-level < 7.0% for most non-pregnant adults or < 6.5% in selected individual patients if this can be achieved without significant hypoglycaemia or other adverse 
effects of treatment (i.e., polypharmacy) or < 8% in patients with a history of severe hypoglycaemia, limited life expectancy, advanced microvascular or macrovascular 
complications, extensive comorbid conditions, or long-standing diabetes in whom the goal is difficult to achieve [42]

Condition Target

Hypertension BP < 140/90 mmHg

BP < 130/85 mmHg in patients with diabetes, renal impairment or small-vessel disease [38]

Dyslipidaemia LDL-C < 70 mg/dL [39–41]

Diabetes HbA1c < 7% (less stringent target HbA1c in selected individualsb) [42]

Smoking Nicotine abstinence [43]

Physical inactivity Physical activity of moderate to vigorous intensity with an average of 40 min at least three times per week [43]

Non-adherence to drug prescriptions Adherence to drug prescription (proportion of days covered ≥ 90%)

Indication for oral anticoagulation INR 2–3 for atrial fibrillation, INR 2–3 for mechanical aortic valves, INR 2.5–3.5 for mechanical mitral valves; 
regular use and accurate dose of novel oral anticoagulants
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•	Taking lipid-lowering medication in all patients 
except those with an ischaemic stroke or TIA of 
other determined aetiology (e.g. index event due 
to vasculitis or carotid artery, vertebral artery, or 
aortic dissection) [43],

•	Achieving a low-density lipoprotein (LDL) choles-
terol concentration < 70 mg [39–41],

•	Taking anticoagulation or antiplatelet therapy in 
patients that had been prescribed such medication 
[43],

•	Taking anticoagulation in patients with atrial 
fibrillation or mechanical heart valves [43];

•	Good functional outcome defined as modified 
Rankin Scale (mRS) ≤ 2,

•	Distribution across mRS categories at the study 
visit (“shift analysis”).

Functional outcome on the mRS will be assessed by 
study team members blinded to allocation in the former 
STROKE-CARD trial.

Statistical analyses
This study will assess the efficacy of STROKE-CARD care 
in preventing recurrent major cardiovascular events and 
improving health-related quality of life over a follow-
up period of 3–6 years. All patients that participated in 
STROKE-CARD (n = 2.149) will be invited for participa-
tion in the current trial. Power calculations underlying 
STROKE-CARD have been published previously [18, 19]. 
We aim to gather information on all former trial patients 
(= 2.149). For an expected mean time of follow-up of four 
yours and equal event rates, the power (α = 0.05) will be 
99% to detect effect of the 1-year analysis (HR = 0.63) and 
82% for a HR = 0.74.

The same co-primary efficacy end-points as in 
STROKE-CARD will be used, comprising incidence of 
major recurrent cardiovascular events (composite of non-
fatal ischaemic stroke, nonfatal myocardial infarction, or 
vascular death) and health-related quality of life as meas-
ured by the EQ-5D-3L health utility score [23]. Effects 
of STROKE-CARD care on the risk of major recurrent 
cardiovascular events will be estimated using Cox regres-
sion stratified for trial centres. The proportional hazards 
assumption will be tested using Schoenfeld residuals. Dif-
ferences in EQ-5D-3L between STROKE-CARD care and 
standard care will be tested by Mann Whitney U-test. We 
will consider STROKE-CARD care as effective over an 
extended time period if the analysis of both co-primary 
endpoints yields two-sided P values ≤ 0.05. The analy-
sis is unadjusted and will be stratified by trial centre. In 
a sensitivity analysis, effect sizes will be adjusted for age 
at hospital discharge, sex, type of index event (stroke vs. 
transient ischaemic attack), in addition to trial centre 

(Innsbruck, Vienna). Further adjusted analyses will be 
reported in case the two trial arms differ according to any 
other baseline characteristics. Effects of STROKE-CARD 
care on dichotomous outcomes such as EQ-5D-3L sub-
categories will be performed by calculating risk ratios 
by means of Poisson regression with robust error vari-
ance adjusted for trial centre, and effects on functional 
outcome as assessed by modified Rankin Scale score by 
means of ordinal logistic regression. Pre-specified sen-
sitivity analyses include modelling of CVD outcomes 
with multivariable adjustment for age, sex, and type of 
index event, as-treated analysis, and sub-group analyses 
defined by sex, age (< 70 vs. ≥ 70  years), type of index 
event, use of the “MyStrokecard” web application, study 
centre, and after exclusion of patients whose index event 
was a TIA with an ABCD2 score of 3 points. For analyses 
of secondary endpoints and subgroups, the Benjamini–
Hochberg procedure will be used to adjust for multiple 
testing.

Discussion
The risk of future cardiovascular events and poor qual-
ity of life is high after ischaemic stroke and TIA. The 
STROKE-CARD trial is the first large-scale randomized 
trial which reduced recurrent cardiovascular events (by 
approximately one third [5.4% vs. 8.3%]) and improved 
quality of life (p < 0.001) within 1 year after ischaemic 
stroke or TIA [19]. The intervention is pragmatic and 
thus easily to implement in clinical routine. It pursues 
the concept that optimal acute stroke care by the mul-
tidisciplinary stroke team does not stop when patients 
are discharged from hospital but extends to a thorough 
three-month assessment and individualized counselling. 
The intervention comprised an outpatient appointment 
for patients and care-givers scheduled three months after 
the index event to reevaluate stroke/TIA, to reassess risk 
factor levels and optimize secondary, to systematically 
screen for post-stroke complications and other health 
problems and to enhance patient self-empowerment and 
knowledge about  CVD and to counsel patients on all 
matters raised by themselves or their care-givers.

Our previous trial also showed benefits in functional 
outcome 1 year after the index event. We now strive for 
an extension of follow-up up to 36–72 months for each 
participant and to prove whether the trial’s success is 
maintained in the long run.

Other long‑term post‑stroke disease management 
programs
Previous trials on long-term secondary prevention strat-
egies and disease management programs in ischaemic 
stroke or TIA patients have shown variable improve-
ments in risk factor control but most of them did not 
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analyse potential effects on recurrent cardiovascular 
disease and stroke events. An overview on completed 
and ongoing trials focusing on multimodal secondary 
stroke prevention and disease management is provided in 
Table 4.

The largest long-term follow up study for ischaemic 
stroke and TIA patients to date, the INSPiRE-TMS trial, 
showed various improvements in target levels of car-
diovascular risk factors and improvement in functional 
outcome in subgroups after a follow up of 2 years but 
did not show any difference in recurrent vascular events. 
The study focused on minor stroke and TIA patients and 
moderate or severe strokes were excluded [48]. A recent 
Australian study reported improved cholesterol levels in 
ischaemic or haemorrhagic stroke patients after 2 years 
but was not designed and powered to detect differences 
in recurrent vascular events [49]. A trial from Japan had 
a different strategy and focused on lifestyle intervention 
and exercise training. The program reduced recurrent 
vascular events and improved risk factor target levels but 
had a limited sample size. However, the intervention that 
lasted for six months showed benefits after a 3 year fol-
low-up [50]. Other studies showed no significant effects 
in risk factor target levels and were not designed or pow-
ered to detect differences in incident cardiovascular dis-
ease events [51, 52].

The intervention models in these post-stroke disease 
management programs varied widely concerning inten-
sity and type of measures e.g. community-based inter-
ventions, nurse-led and educational interventions at 
various timepoints. Our STROKE-CARD concept is a 
multidisciplinary but lean and cheap intervention lev-
eraging contemporary e-technology and encouraging 
patient self-empowerment with the prospect of a wide-
spread implementation.

Strengths and limitations
The unique features of the post-stroke disease manage-
ment program STROKE-CARD rely on the compre-
hensive focus on both recurrent vascular events and 
post-stroke complications as well as health-related qual-
ity of life after stroke. Furthermore, the study included 
patients with various disease severity ranging from mod-
erate risk TIA to severe strokes.

Our program was developed in a country with uni-
versal health care access, and all but two patients in 
the STROKE-CARD trial were of European descent 
[8]. Therefore, potential findings may not necessarily 
apply to ethnically more diverse populations or popu-
lations with limited health care access and are prob-
ably not easy to extrapolate to less developed stroke 
care systems. Nevertheless, the benefit of a lean and 
easy implementable post-stroke disease management 

program like STROKE-CARD might be even higher in 
low-quality stroke care systems.

The STROKE-CARD concept is currently imple-
mented as a standard of care in parts of Austria with 
the prospect of implementation in other European 
countries and possibly beyond.

Trial status
The study protocol version 2.0 from October 25th 2019 
was approved by the ethics committee of the Medi-
cal University of Innsbruck on November 11th 2019. 
Recruitment was initiated on December 19th 2019. 
Recruitment completion is expected for May 2022.
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