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MINOR STROKE, MAJOR CONSEQUENCES

As explained in the introduction of this thesis, a minor stroke is usually defined 

by a low National Institute of Health Stroke Scale (NIHSS) score after stroke, i.e. 

an NIHSS of five or less.[1] Because the NIHSS mainly consists of items regard-

ing physical functioning and communication, minor stroke patients are referred 

to as having a good functional outcome and are self-sufficient meaning that 

they can perform their basic daily activities and tasks independently. Definitions 

of Transient Ischemic Attack (TIA) state that symptoms should resolve within 

24 hours.[1]

Over the past years, increasing evidence has shown that many patients with 

minor strokes do experience significant and chronic consequences, as do pa-

tients with TIAs. One systematic review demonstrated that, when assessed at 

various time points, 39% of patients with a minor stroke or TIA had cognitive im-

pairments in neuropsychological assessments and 54% scored abnormally on 

Montreal Cognitive Assessment (MoCA) screening tests.[2] The prevalence of 

depression and anxiety is also high, affecting approximately one third of stroke 

survivors.[3] Another systematic review found cognitive problems in one-third 

of TIA patients.[4] However, these results are limited by the heterogeneity and 

low quality of the included studies, as well as the lack of baseline cognitive data. 

Although caution is needed in interpreting these findings, these systematic 

reviews and more recent studies suggest a high prevalence of emotional and 

cognitive problems following minor stroke and TIA.[5, 6] In Chapter 2 of this 

thesis, we demonstrated that emotional and cognitive problems occur just as 

frequent in patients recovering at home after a stroke as in patients recovering 

in inpatient rehabilitation clinics, indicating the need for appropriate aftercare. 

Aggregated evidence of recent studies can be expected in the near future in an 

updated systematic review.[7]

In addition to emotional and cognitive problems, there are significant implica-

tions for quality of life and participation after minor stroke. For example, quality 

of life is lower in patients with minor stroke compared to healthy controls.[8] A 

substantial proportion of these patients do not return to work, or only do so par-

tially.[9-11] The aforementioned cognitive problems and depression after stroke 

are negative predictors of quality of life and participation, including return to 

work.[9-16] 

In Chapter 2, we demonstrated that it is primarily emotional and cognitive prob-

lems, rather than the physical impairments defining a minor stroke, that predict 

the level of participation. This raises the question whether outcome measures 
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that primarily focus on physical disability truly reflect the limitations experi-

enced by patients, especially in those who have had a minor stroke.[17] Interest-

ingly, many minor stroke patients report that emotional and cognitive problems 

are among the most disruptive aspects of their recovery.[18, 19] In fact, they 

often consider these issues to be more important than physical impairments.

[19] With further advances in acute stroke care, for example in acute reperfu-

sion therapies, we can limit the damage to the brain. Therefore, the absolute 

number of patients with good functional outcome may continue to grow.[20] 

Consequently, we expect that the number of minor stroke patients struggling 

with persistent emotional and cognitive problems will grow.[20] As a result, the 

relative importance of emotional and cognitive functioning after stroke might 

be even more prominent in the future. Therefore, we must reconsider the tools 

and metrics used to assess recovery and long-term outcome, because a minor 

stroke may not be as minor as it appears.[21] 

PARTICIPATION AS OUTCOME MEASURE IN MINOR 
STROKE

In the ECO-stroke trial, the concept of participation was chosen as our primary 

outcome measure and measured with the Restrictions subscale of the Utrecht 

Scale for Evaluation of Rehabilitation – Participation (USER-Participation-R) 

questionnaire, see Chapter 5 and Chapter 6. As described in Chapter 6, no im-

provement in participation was observed in the ECO-stroke intervention group 

compared to the usual care group. One limitation of the ECO-stroke trial was 

the significant ceiling effect of the USER-Participation-R questionnaire: 170 out 

of 531 (32.0%) of the included patients achieved the maximum score of 100 out 

of 100 at baseline. These numbers are comparable to a previous study among 

Dutch stroke patients.[22] 

Therefore, it could be argued that participation measured by the USER-Partic-

ipation-R may not be the most suitable domain and/or instrument as a primary 

outcome measure for a study population like that included in the ECO-stroke 

trial, i.e. patients who were discharged home directly after stroke and predomi-

nantly experienced a minor stroke (median NIHSS 2 [interquartile range (IQR) 

1 – 3]). 

On the other hand, one might question whether, in this group, where no partici-

pation restrictions at all were identified using the USER-Participation-R, further 

improvement can or even needs to be measured. The USER-Participation-R 

is a comprehensive measure of the degree of participation. A maximum score 
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indicates that an individual experiences no limitations at all in subdomains such 

as work, education, household duties, leisure activities, sports, day trips, and re-

lationships.[23] This warrants a closer examination of this specific group. Table 

1 presents an overview of patients included in the ECO-stroke trial divided into 

those who reported a maximum score on the USER-Participation-R at the first 

time point (six weeks post-stroke) and those who did not score the maximum 

on the USER-Participation-R at six weeks. As shown, the group with a maxi-

mum USER-Participation-R score demonstrated a good functional outcome at 

discharge measured by the modified Rankin Scale (mRS). These patients also 

showed minimal to no emotional or cognitive complaints, as assessed by the 

Checklist for Cognitive and Emotional Consequences following stroke (CLCE-

24). The vast majority scored below common cut-off scores of the Hospital 

Anxiety and Depression Scale (HADS), i.e. below 8 for possible mood or anxiety 

disorders and below 11 for probable mood or anxiety disorders. The quality of life 

of these patients, measured by the Five Level version of the Five-Dimensional 

EuroQol (EQ-5D-5L) index score, was 0.892 ± 0.110, which is comparable to 

measurements in the general population.[24-26] Last, self-efficacy, as mea-

sured by the General Self-Efficacy Scale (GSES), was high in this group: patients 

reported confidence in their ability to independently solve potential problems 

if these might arise. In summary, these were patients who appeared to have a 

good physical, emotional and cognitive outcome and did all the things they used 

to do before their stroke. In contrast, patients with lower USER-Participation-R 

scores at six weeks demonstrated poorer outcomes across all domains, as can 

be expected. 

Considering these findings, it can be concluded that further improvement 

is not only challenging to measure in these patients in terms of participation, 

but might also be difficult by measuring the functional outcome, emotional 

and cognitive complaints, symptoms of anxiety and depression, quality of life, 

and self-efficacy. A substantial ceiling effect was observed across all these 

domains, at least when assessed using the tools used in this trial. Even more so, 

this raises the question of whether it is necessary to measure further improve-

ment in, or even treat, this subgroup of minor stroke patients. For these patients, 

who achieved maximal levels of participation on all domains, including return 

to work, in the early phase after stroke, “good outcome” may simply be good 

enough. Perhaps, this one-third of minor stroke patients are “true minor stroke” 

patients with genuinely minor consequences of their stroke. This may imply 

that healthcare resources, which are currently scarce and expected to become 

significantly scarcer in the future, do not need to be allocated to further improve 

outcomes in this subgroup of “minor” minor stroke patients.[27] Nevertheless, 

it would be valuable to conduct, for example, qualitative research within this 
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specific subgroup to evaluate whether any unmet needs still occur among those 

patients and/or their informal caregivers.

This does not mean, in my opinion, that measuring participation is less impor-

tant for use in scientific research or daily clinical practice for patients with minor 

stroke: quite the opposite. Measuring participation in both research and clini-

cal practice seems to quickly and easily identify subgroups unlikely to benefit 

from further care. The USER-Participation-R is completed by patients and the 

results can be interpreted by a trained healthcare provider within one minute. In 

scientific research, this could mean incorporating a screening for participation 

during the early phase after stroke to identify a subgroup that does not require 

additional interventions from a group that possibly does so. Interventions 

like the ECO-stroke intervention may have better chances of demonstrating 

clinical relevant effectiveness among minor stroke patients following such a 

selection. Similarly, in daily practice, for patients showing no restrictions on 

the USER-Participation-R, there is likely no indication for long-term follow-up 

care or rehabilitation treatment, while in patients with specific restrictions in 

participation, there are specific, concrete rehabilitation goals. As demonstrated 

in Chapter 3, it is not the degree of physical impairment, but the level of partici-

pation that predicts long-term quality of life. This highlights the importance of 

addressing not only the symptoms or signs of stroke, but more so, the effects 

Table 1. Patients with and without a maximum USER-Participation-R score in the ECO-
stroke trial

Patients with a maximum 

USER-Participation-R 

score at 6 weeks (n = 170)

Patients without a maximum 

USER-Participation-R 

score at 6 weeks (n = 327)

mRS at discharge <3 – no. (%) 165 (97.0) 288 (88.1)

CLCE-24 cognition – median (IQR) 0 (0- 2) 3 (1 – 5)

CLCE-24 emotion – median (IQR) 1 (1 – 2) 2 (1 – 4)

HADS-A <8 – no. (%) 155 (91.2) 223 (68.2)

HADS-A <11 – no. (%) 165 (97.0) 274 (83.8)

HADS-D <8 – no. (%) 157 (92.4) 235 (71.7)

HADS-D <11 – no. (%) 166 (97.6) 297 (90.8)

EQ-5D-5L index score – mean (SD) 0.892 (0.110) 0.759 (0.149)

GSES – mean (SD) 35.3 (4.5) 31.7 (5.4)

CLCE-24, Checklist for Cognitive and Emotional Consequences following stroke; EQ-

5D-5L, Five Level version of the Five-Dimensional EuroQoL; GSES, General Self-Efficacy 

Scale; HADS-A, Hospital Anxiety and Depression Scale – Anxiety subscale; HADS-D, 

Hospital Anxiety and Depression Scale – Depression subscale; IQR, interquartile range; 

mRS, modified Rankin Scale; SD, standard deviation; USER-Participation-R, the Restric-

tions subscale of the Utrecht Scale for Evaluation of Rehabilitation – Participation
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of these symptoms on participation after stroke. It is not solely the presence of 

symptoms that should determine the intensity of rehabilitation treatment, but 

rather the extent to which these symptoms affect a patient’s daily life. Evaluat-

ing participation, therefore, holds significant value and should be an integral 

part of stroke aftercare.

Despite the significance of evaluating participation, in the author’s experience, 

it seems that participation receives insufficient attention in stroke aftercare 

at neurology outpatient clinics. This has not been extensively examined in 

previous studies, but this observation is supported, for example, by qualitative 

research, the relatively small number of scientific publications on participation 

after stroke and the absence of an explicit mention of participation in the cur-

rent Dutch guidelines on stroke management.[18, 28] Although the importance 

of participation has long been recognized by rehabilitation doctors, it would 

be beneficial for neurologists to also incorporate participation assessment 

as a standard component of care during stroke aftercare, for example using 

the USER-Participation-R.[29] As illustrated, it helps to distinguish patients 

with genuinely favorable outcomes from those with less favorable outcomes, 

even when the diagnosis of a minor stroke implies only minor issues.[30] 

With efficiency in mind, the assessment requires minimal time when patients 

complete the questionnaire in advance and the results are immediately avail-

able in the electronic patient record. Moreover, the USER-Participation-R 

is a patient-reported outcome. Therefore, it stimulates a patient-centered 

approach. It provides a clear understanding of the impact of a stroke on the 

individual and outlines their personal needs; this supports the shared decision-

making process in determining the most appropriate follow-up care. For the 

USER-Participation-R, there is no cut-off score below which participation is 

generally considered impaired. However, any reported limitation represents a 

new restriction in participation and can serve as a starting point for discussing 

with patients whether this restriction could be improved through rehabilitation 

treatment. By focusing on participation, healthcare providers at the stroke 

aftercare outpatient clinics can discuss and make patient-tailored referrals to 

appropriate rehabilitation services. This fully aligns with the work of the medical 

specialist of the future as recently outlined in Dutch campaigns and with future 

targets from the European Strokes Organization’s “Action Plan for Stroke in Eu-

rope 2018 – 2030” to increase the focus on patient-reported outcomes in stroke 

care.[31, 32] Moreover, shifting the focus from “disability” to “participation” rep-

resents a transition from a negative framework to positive language.[29] Last, it 

improves the communication within a multidisciplinary stroke team, because it 

helps to articulate clear rehabilitation goals that are central to most healthcare 

providers in the rehabilitation phase. If there is one key takeaway the author has 
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gained from conducting this trial and wishes to share with his colleagues, it is 

the importance of assessing the level of participation in stroke patients.

EMOTIONAL AND COGNITIVE PROBLEMS AFTER 
STROKE: THE VISIBLE INVISIBLE

Emotional and cognitive problems after stroke are often referred to as the 

“invisible” or “hidden” consequences of stroke. The term “invisible” is, in many 

respects, a misnomer. While these consequences are indeed less obvious than 

some physical impairments, such as a paralysis, they are actually far from 

invisible. For a healthcare professional who knows where “to look” and espe-

cially when appropriate tools are used, the emotional and cognitive problems of 

stroke are easily identified and at many times very visible.[33] As demonstrated 

in Chapter 2, using validated screening instruments, the “invisible” conse-

quences were visualized in stroke patients who were discharged home, just as 

frequent as in stroke patients in inpatient rehabilitation. It might take a trained 

eye, but one can learn to see it. Moreover, once someone has learned to see it, it 

becomes hard not to see it. It resembles the logo of our trial, see Figure 1 below. 

At first glance, one sees a schematically drawn bonsai tree, but if you look a little 

longer, the outline of a head becomes visible in the trunk of the tree, with a leave 

representing the brain. Once this has been seen, it can no longer be unseen.

Figure 1. Logo of the ECO-stroke trial. 

Image courtesy and with special thanks to Richard Beerens for his design work.
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It is noteworthy that post-stroke emotional and cognitive problems are often re-

ferred to as “invisible consequences”, while other symptoms of similar visibility 

or invisibility are not described in the same manner. Symptoms such as head-

ache, dizziness, sensory disorders, visual impairments, and hearing loss are, to 

varying degrees, not immediately visible to an external observer. However, all of 

these symptoms can be assessed and identified. Why then are emotional and 

cognitive problems defined negatively as something they are not? Although 

the answer to this question may not be straightforward, part of the explanation 

may lie in the experiences that patients report having with the emotional and 

cognitive problems after stroke. Patients often report that others do not see 

and, as a result, do not recognize these symptoms. This lack of recognition and 

acknowledgment leads to confusion and frustration.[18] This is likely the reason 

why the term “invisible consequences” is often positively received by many pa-

tients in daily clinical practice: it provides recognition for the lack of recognition 

they experience. This terminology is frequently used on websites that provide 

information about emotional and cognitive consequences, such as those of pa-

tient associations. Therefore, I would not advocate to replace the term “invisible 

consequences” with another term, as it proves to be a valuable tool in our com-

munication with stroke patients. At the same time, it is crucial that healthcare 

providers understand that the term “invisible” is relative and not as absolute as 

it may seem: it is undeniably worth “to look” for emotional and cognitive prob-

lems after stroke. Sometimes, this seems to be insufficiently addressed.

The characterization of emotional and cognitive problems after stroke as invis-

ible seems to be reflected in the relative priority they are given in both clinical 

practice and research. First, widely used stroke assessment instruments such 

as the NIHSS and the mRS primarily focus on the physical aspects after stroke.

[21] Both scales leave little to no room for evaluating emotional and cognitive 

outcomes. Second, trials evaluating acute treatment therapies predominantly 

use the mRS; rarely do these trials assess the effectiveness in terms of emo-

tional and cognitive outcomes.[21] Again, if one does not look for emotional 

and cognitive problems, they will not be observed. Fortunately, a shift in aware-

ness is emerging.[34] There is an increase in recognition of these issues, and 

guidelines are encouraging the routine screening for emotional and cognitive 

problems in stroke aftercare, aiming to make “the invisible” visible.[35] 
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SCREENING FOR EMOTIONAL AND COGNITIVE 
PROBLEMS AFTER STROKE IN CURRENT CLINICAL 
PRACTICE

Routine screening and follow-up care for emotional and cognitive problems 

after stroke is widely recommended.[28, 35] Nonetheless, uniform or specific 

recommendations for the concrete implementation in clinical practice are lack-

ing: when, by whom, how, and how frequently to screen is unknown.[36-40] 

There are three factors hindering clear formulations on screening resulting in 

significant variability in stroke aftercare. First, high-quality research specifi-

cally addressing screening for emotional and cognitive outcomes after stroke 

is scarce.[37, 41, 42] Second, in studies that do investigate screening for emo-

tional and cognitive problems, the vast majority evaluates screening as part of 

a broad, multicomponent intervention, which complicates the ability to evaluate 

the effects of screening in isolation.[39-42] Third, the aforementioned stud-

ies are heterogeneous in many aspects, including the timing of screening, the 

frequency and intensity of assessments, and also in the instruments that were 

used.

As a result, clinical practice regarding screening and care for emotional and cog-

nitive problems is diverse and in some institutions insufficiently implemented, 

as shown by previous studies and as was described in Chapter 3.[43-46] More-

over, the practical implications on current stroke aftercare in the Netherlands 

were highlighted during preliminary discussions with healthcare providers from 

various hospitals in preparation for the ECO-stroke trial. It was evident that the 

organization of post-stroke care varies significantly across different regions in 

the Netherlands. In some regions the stroke aftercare is mainly provided at out-

patient neurology clinics, in some this is provided by first line specialized stroke 

nurses and in others by general practitioners. In some regions, patients are not 

assessed at all for the possible emotional or cognitive problems, while in others, 

patients are assessed frequently and receive standard and structured follow-up 

appointments for one year or even longer. This variability in chronic stroke care 

contrasts remarkably with the acute stroke care, where protocols are rigorously 

defined and strictly evaluated in national healthcare quality indicators.[28, 47] 

The absence of a unified approach to chronic stroke care, particularly concern-

ing emotional and cognitive issues, may lead to inconsistencies in the quality of 

care, which is undesirable.[36-38] To close this knowledge gap and aiming to 

provide evidence for a uniform stroke aftercare pathway, the ECO-stroke trial 

was developed. 
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THE ECO-STROKE TRIAL: INTERPRETATION AND 
ADDED VALUE OF THIS STUDY

The ECO-stroke intervention was developed in accordance with guidelines 

recommendations, which currently are based on expert consensus recommen-

dations.[28, 37] The results of this trial provide (previously lacking) evidence re-

garding the clinical effectiveness and cost-effectiveness of screening and care 

for emotional and cognitive problems in patients discharged home after stroke. 

While participation did not improve, in the economic evaluation described in 

Chapter 7, we demonstrated that the intervention could be cost-effective com-

pared to care as usual. Possibly, anxiety and quality of life (secondary outcomes) 

improved after the intervention. Therefore, this study provides high-quality evi-

dence to support current guideline recommendations to implement screening 

for emotional and cognitive problems. 

IMPLICATIONS AND FUTURE PERSPECTIVES FOR 
CLINICAL PRACTICE 

The design of the ECO-stroke intervention can be used as a blueprint for 

guideline recommendations on screening for emotional and cognitive problems 

after stroke. More specifically, recommendations should advise to screen for 

emotional and cognitive problems in patients discharged home around ap-

proximately six weeks after stroke. This screening should be conducted at least 

once, using validated instruments such as the MoCA, CLCE-24, HADS and 

USER-Participation-R. 

The implementation of the ECO-stroke intervention in clinical practice could 

follow the same strategy used in the ECO-stroke trial, as outlined in Chapter 8. 

Since the intervention was overall well implemented, this strategy is expected to 

be comparably effective in routine care. The following key point should be con-

sidered for implementation in daily practice: the number of follow-up actions, 

i.e. referral to rehabilitation services, was generally low, indicating that possibly 

insufficient follow-up actions were undertaken. This issue requires greater at-

tention in future trials or during implementation in clinical practice, for example 

by increased emphasis on follow-up care in training modules. Alternatively, the 

screening could be conducted by a specialized nurse or physician assistant 

with a background in or connection to a rehabilitation outpatient clinic. In an 

ideal situation, the screening results are discussed during multidisciplinary 

consultations, as is mostly done for patients admitted during the acute stroke 

phase. For patients with minor stroke, it may be more effective to dedicate a 
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multidisciplinary consultation to initiate appropriate rehabilitation care once 

they are home, as subtle issues that go unnoticed during hospitalization may 

then become apparent. Moreover, it is also conceivable that hospitalization for 

patients with minor stroke is not necessary and does not lead to better out-

comes. A more efficient approach may be to replace hospitalization in minor 

stroke patients, thereby saving resources, with a comprehensive screening after 

a few weeks, including the assessment of emotional and cognitive problems as 

well as the level of participation, to initiate an effective rehabilitation plan at a 

time when the consequences of the minor stroke, if any, have become clearer.

In the future, several developments can be expected that are relevant to the 

consideration of the ECO-stroke intervention. First, there will be an increased 

demand for medical care, leading to an increase in medical costs. Solutions 

can be found in a more efficient way of organizing care pathways, for which 

examples have been proposed in previous paragraph, and are also expected to 

be sought, at least partly, in digitalization.[27, 48] As shown in Chapter 7, the 

ECO-stroke intervention is likely to lead to cost savings, but it results in societal 

cost savings rather than savings within individual healthcare institutions. The 

ECO-stroke intervention costs hospitals money to implement and execute, 

but generates societal savings through reductions outside the hospital. This 

highlights the importance of assessing costs from a broader perspective, such 

as that of a healthcare network, rather than from the standpoint of individual 

institutions. Additionally, there is the question of whether interventions like the 

ECO-stroke intervention should be offered by hospitals or, for example, by pri-

mary care providers, which may be more cost-effective. It is quite plausible that 

a similar screening in primary care could be implemented just as easily and be 

equally effective. This screening could, for example, be carried out by a mental 

health nurse in primary care, who are present in many Dutch general practices, 

facilitating close collaboration with rehabilitation doctors in secondary care. 

Finally, many developments are currently underway in the field of digitalization, 

such as the Dutch “Zorg bij jou” project.[48, 49] In this project, patients, includ-

ing stroke patients, are assessed for potential problems via an online platform 

using patient-reported outcomes. Stroke patients do not receive standard 

appointments at the stroke aftercare outpatient clinic. Follow-up care is only of-

fered if problems are identified through digitally obtained questionnaire results 

or when requested upon by patients. This aligns with the previous discussion 

regarding the separation of the group of minor stroke patients who truly have 

minor problems from the group of minor stroke patients who experience more 

significant problems. This might save costs in hospitals by not offering aftercare 

to patients who do not need this. Whether this approach is actually not inferior 
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to current care, concerning clinical effectiveness, will need to be determined 

through future research.

METHODOLOGICAL CONSIDERATIONS OF A 
CLUSTER-RANDOMIZED TRIAL: LESSONS LEARNED

In the development of the ECO-stroke trial, as described in Chapter 5, a prag-

matic trial design was chosen. We decided to include healthcare providers who 

were already working at the stroke aftercare outpatient clinic, prior to the start 

of the study, to perform the intervention. The rationale for this was to simulate 

real-life post-stroke aftercare as much as possible and to facilitate an acceler-

ated implementation process in clinical practice if the intervention proved 

to be effective. The involvement of healthcare providers also created support 

for conducting scientific research within their professional field and hope-

fully stimulated inclusion rates. The main disadvantage of this choice was that 

a patient-level randomization was not feasible, as most hospitals have only one 

healthcare provider responsible for stroke aftercare, mostly a specialized stroke 

nurse, a nurse practitioner or a physician assistant. It would not be feasible to 

expect this healthcare provider to work according to the ECO-stroke interven-

tion protocol for one patient and according to usual care for another. As a result, 

to prevent potential contamination, a cluster randomization design, with hospi-

tals as clusters, was chosen.

The major advantage of cluster randomization was that it allowed for the con-

duct of a pragmatic, randomized trial within the Dutch stroke aftercare setting 

as described above, without the risk of potential contamination. However, there 

were also several, major disadvantages. First, only a small number of clusters 

were included in our trial. Small numbers of clusters are known to increase the 

likelihood of uneven baseline distribution, as was the case in our trial as shown 

in Chapters 6 and Chapter 7.[50] In addition, cluster randomization with hospi-

tals as the clusters carries a risk of recruitment bias because informed consent 

is obtained after randomization: the intervention a patient will receive is known 

to the one who obtains informed consent, which can lead, either intentionally or 

unintentionally, to influencing which patients are included in both intervention 

groups.[51] If patients for example experience cognitive complaints, a health-

care provider might think of asking them for participation in the ECO-stroke 

trial, because they appear as “suitable patients”. In a hospital-level cluster 

randomization, blinding of the healthcare providers is virtually impossible. Ide-

ally, to prevent recruitment bias, the person enrolling patients is unaware of the 

treatment allocation. However, in a hospital-level cluster-randomized trial this 
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is also nearly impossible. Blinding of outcome assessors also presents chal-

lenges, requiring at least one additional researcher who is completely unaware 

of the randomization process. In the ECO-stroke trial, this was not a relevant 

disadvantage, because almost all outcomes were patient-reported outcomes 

and patients were not aware of the treatment allocation during the course of the 

trial; however, this might pose a problem in future trials. Moreover, the influence 

of co-interventions is greater in cluster-randomized trials, as co-interventions 

that may be more prevalent in one cluster than in another directly affect a large 

number of patients within one of the treatment arms, thereby systematically 

influencing that treatment group. Furthermore, the statistical analysis of a clus-

ter-randomized trial is more complex; while not an inherent limitation, it makes 

the execution and interpretation of the results more difficult and less transpar-

ent. Finally, the sample size calculation, in our case, was initially based on an 

equal number of patients per cluster. However, in practice, the enrollment rate 

varied significantly across hospitals. In our situation, this primarily related to the 

pace at which hospitals could participate in our trial, which was influenced by 

the large differences in how Dutch medical ethics committees evaluate whether 

a study can be conducted in their hospitals. The ECO-stroke trial was exempt 

from the Medical Research Involving Human Subjects Act (WMO), meaning that 

each hospital had to undergo its own review process instead of one central re-

view process. This led to situations where one hospital granted approval for the 

study within one month, while in another hospital, our research group decided 

to halt the review process after two years due to lack of progress. As a result, 

some hospitals began enrolling participants more than a year prior to others, 

leading to significant effects on the number of patients per cluster. If there is no 

equal distribution of patients across clusters, because of low inclusion rates in 

some clusters, the cluster size variability increases and the power of the initial 

sample size reduces, requiring a larger number of patients overall to achieve the 

same statistical power.[52-54] This also has an ethical aspect: in clusters with 

a relatively larger number of patients, the influence of each individual patient on 

the final power decreases. In fact, with very large differences, the influence of an 

individual patient on the final power can be virtually zero.[55] This means that 

if cluster sizes vary greatly, patients in large clusters ultimately contribute little 

to the total power and are therefore unnecessarily exposed to experimental 

treatments.[56] To keep the number of patients per cluster as equal as pos-

sible is therefore vital. Finally, there is the issue of estimating the intracluster 

correlation (ICC). The ICC measures the degree of similarity within a cluster and 

significantly impacts the required sample size. When there is a high degree of 

agreement among patients within a cluster, the ICC is higher, which results in 

fewer independent observations, and thus a larger sample size is needed to ac-

curately measure the true effect. A higher ICC leads to a larger required sample 
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size, and even a small increase in the ICC can lead to a considerable increase in 

the sample size.[55] The exact ICC is rarely known in advance, and an estimated 

ICC is typically used for sample size calculations.[55] However, if the final ICC 

is higher than initially estimated, it can lead to substantial methodological con-

cerns if the sample size has not been adjusted accordingly.[55] While the mea-

sured ICC of 0.013 in the ECO-stroke trial largely aligned with the pre-estimated 

ICC of 0.010, this highlights a critical risk in cluster-randomized studies, where 

incorrect assumptions about the ICC can have significant consequences for 

study validity.

Several lessons were learned from the cluster design of the ECO-stroke trial. 

Great caution should be taken when performing cluster-randomized trials. If 

cluster randomization is indeed the only possible option, the following consid-

erations are important. First, a larger number of clusters should be involved: 

declarations of intent should be obtained from a greater number of centers 

before the study is considered to be executed. Ideally, the budget estimation for 

a cluster-randomized study includes one additional research staff member who 

can serve as an independent, blinded outcome assessor. From the start of the 

design of the study, the sample size calculation must account for an unequal 

distribution of patients per cluster, as this will often be the case in practice. En-

suring an equal number of patients per cluster, assuming hospitals as clusters, 

can be extremely complex and may require an unworkable amount of time. One 

way to account for cluster size variability in the sample size calculation is to use 

the harmonic mean instead of the arithmetic mean, as we did in the ECO-stroke 

trial, as shown in Chapter 6.[52, 54] The harmonic mean can be used in sample 

size calculations to create a more balanced estimate of the sample size that 

takes into account the varying sizes of clusters, especially when the variability 

in cluster size is large. By using the harmonic mean, a higher weight is assigned 

to smaller clusters than in an arithmetic mean calculation. Based on this sample 

size calculation using harmonic means, the relative importance of clusters with 

smaller patient numbers can be monitored in real-time throughout the study. If, 

during the course of the study, the sample size calculation is frequently updated 

with the current number of included patients and the harmonic mean is tracked 

in real time, the effect of small clusters can be measured, and it can be deter-

mined to what extent these small clusters require extra attention regarding 

their inclusion rate. We have successfully applied this strategy, albeit later in the 

course of our trial. We believe that in future research, monitoring from the start 

of the study will be of great importance, because these data allow for real-time 

adjustments to the inclusion rate in these centers: if enrollment is lagging at a 

center, the inclusion rate here should receive full attention as soon as possible, 

as this will be crucial for the final power of the study.
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IMPLICATIONS FOR FUTURE RESEARCH

Taking the above discussion into account, several considerations arise for future 

research.

First, the reliability of the outcomes of the ECO-stroke trial should be ad-

dressed. Ideally, a repeated randomized controlled trial should confirm the cost-

effectiveness of an intervention comparable to the ECO-stroke intervention. 

Additionally, greater certainty regarding the clinical outcomes of symptoms of 

anxiety and quality of life is desirable. In a similar future trial, quality of life could 

be chosen as the primary outcome measure, or, by adjusting for multiple testing, 

inferential statements regarding symptoms of anxiety and quality of life should 

be made. Preferably, such a study would be conducted in a setting where no ex-

plicit screening for emotional and cognitive problems is part of the usual care. 

Given the ongoing developments in Dutch healthcare, the feasibility of such a 

study in the Netherlands is highly uncertain. As experienced in the ECO-stroke 

trial, as described in Chapter 8, many of these components are already part of 

usual care, limiting the possibility of proving the effectiveness of this screening.

In Chapter 8, the specialized nurses interviewed advised integrating short-term 

telephone consultations for early questions and incorporating long-term follow-

up in clinical practice to establish a safety net. These recommendations could 

be topics of further research.

Moreover, there is a visible shift toward digitalization, as previously mentioned.

[48] Future research might need to focus on this trend. With the aim of cost 

reduction in healthcare, a new trial investigating the non-inferiority of digital 

screening compared to an intervention like the ECO-stroke trial could be of 

interest. The one-third of patients in the ECO-stroke trial who experienced 

a “true” minor stroke (who really do not have substantial symptoms including 

cognitive or emotional problems) might, for example, require less intensive care 

involvement. For patients who report no participation limitations during a digital 

screening, a brief phone call may suffice to provide information about stroke and 

address any questions. In the remaining two-thirds, offering interventions when 

problems arise, whether in the early or late phase after stroke, might enhance 

patient-tailored care and provide just-in-time rehabilitation. The selection of 

these patients could potentially be facilitated by measuring participation with 

the USER-Participation-R, which could be investigated in a follow-up study.

Future research could consider the role of informal caregivers to a greater 

extent than in the ECO-stroke trial. Given the ongoing shortages in healthcare, 
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more reliance on informal caregivers is expected in the future. However, it is 

well established that informal caregivers of stroke patients often experience 

significant burdens themselves, which are further exacerbated in the presence 

of post-stroke cognitive problems.[16, 57] Qualitative research has shown that 

informal caregivers want to be engaged.[58] Improved intervention effective-

ness might be achieved by a greater involvement of informal caregivers in these 

interventions.

Finally, in our future research efforts to improve care for emotional and cognitive 

problems after stroke, let us be sure not to forget, how inspiring and motivating 

it is to realize that stroke patients regard our work as a top research priority.[59-

61]

CONCLUSION

In conclusion, after a minor stroke, many patients experience emotional and 

cognitive problems. The impact of these problems on the level of participa-

tion provides valuable insight into the severity of these consequences and the 

extent to which interventions are necessary. Although emotional and cognitive 

problems are often described as invisible, they can be easily identified through 

screening with validated instruments. The ECO-stroke trial demonstrated that 

screening and follow-up care did not improve participation levels. A potential 

benefit on symptoms of anxiety and quality of life was found, requiring further 

research. It also showed that screening and care for emotional and cognitive 

problems could be cost-effective. These findings provides high quality evidence 

for guideline recommendations to screen for emotional and cognitive conse-

quences after a stroke and outlines a clear framework for its practical imple-

mentation.

In future research on screening for emotional and cognitive problems after 

stroke, a clearer distinction could be made between minor stroke patients 

with minor versus major problems. Considering future developments, it would 

be worth examining if such a screening might just as effectively be conducted 

digitally.
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