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Introduction: As prospective data on long-term patient-reported outcome measures (PROMs) to assess Health related Quality of Life (HRQoL) after stroke are still scarce, this study examined the long-term course of PROMs and investigated influential factors such as recanalization therapies.

Materials and Methods: A total of 945 (mean age 69 years; 56% male) stroke patients were enrolled with a personal interview and chart review performed at index event. One hundred forty (15%) patients received thrombolysis (IVT) and 53 (5%) patients received endovascular therapy (ET) or both treatments as bridging therapy (BT). After 3 and 12 months, a follow-up was conducted using a postal questionnaire including subjective quality of life EQ-5D-5L (European Quality of Life 5 Dimensions). At all time-points, Modified Rankin Scale (mRS) was additionally used to quantify functional stroke severity. Differences between therapy groups were identified using post-hoc-tests. Linear and logistic regression analyses were used to identify predictors of outcomes.

Results: Recanalization therapies were associated with significant improvements of NIHSS (National Institutes of Health Stroke Scale [regression coefficient IVT 1.21 (p = 0.01) and ET/BT 7.6; p = 0.001] and mRS (modified Rankin Scale) [regression coefficient IVT 0.83; p = 0.001 and ET/BT 2.0; p = 0.001] between admission and discharge compared to patients with stroke unit therapy only, with a trend toward improvement of EQ-5D after 12 months [regression coefficient 4.67 (p = 0.17)] with IVT. HRQoL was considerably impaired by stroke and increased steadily in 3- and 12-months follow-up in patients with (mean EQ-5D from 56 to 68) and without recanalization therapy (mean EQ-5D from 62 to 68). In severe strokes a major and significant improvement was only detected during period of 3 to 12 months (p = 0.03 in patients with and p = 0.005 in patients without recanalization therapy).

Conclusions: Despite significant and continuous improvements after stroke the HRQoL after 12 months remained below the age-matched general population, but was still unexpectedly high in view of the accumulation of permanent disabilities in up to 30% of the patients. Especially in severe strokes, it is important to evaluate HRQoL beyond a 3-months follow-up as improvements became significant only between 3 months and 1 year.
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INTRODUCTION

Approximately 15 million people suffer a stroke every year. A high proportion of the cases is fatal, and one-third of stroke patients is affected by a serious, permanent disability (1). In Germany, stroke is the third-leading cause of death, with more than 60,000 fatalities out of ~260,000 cases (first-ever and recurrent strokes) each year (2). Nearly three-quarters of all strokes occur in people over the age of 65, with a decreasing chance of complete recovery or good functional outcome with increasing age (3). These numbers illustrate the importance of factors influencing patient outcomes, especially in the long run.

In the vast majority of stroke-related outcome studies, so-called clinician-reported outcome parameters like the modified Rankin Scale (mRS) quantify the patients' functional status. Although commonly used, this scale does not cover the patient's cognitive and social functions (4), nor essential domains such as symptom burden (e.g., fatigue) or emotional health (e.g., depression). Therefore, the mRS only provides limited information about the health status from the patient's perspective.

Patient-reported outcome measures (PROMs) specifically address the patient's view without interpretation by clinicians or anyone else (5). Health-related quality of life (HRQoL) can be assessed either with generic questionnaires, which can be applied to persons irrespective of a certain disorder, or with disease-specific measures, which are developed to capture the specific impairments associated with certain disease. Generic questionnaires allow comparisons across patients with different diseases and the general population. Moreover, generic questionnaires which are very short and easy to complete are available. This is an essential requirement when assessing HRQoL in the hospital setting after a severe acute event such as a stroke. The EuroQol Group 5-Dimension (EQ-5D) is a generic questionnaire which has already been applied and validated in patients with stroke (6–10). In this study we used EQ-5D-5L, which was introduced in 2005 as a new version of EQ-5D with increased reliability and sensitivity compared to EQ-5D-3L (11). It consists of two parts: the EQ-5D-5L descriptive system and a visual analog scale (EQ VAS). The descriptive system contains five questions about the severity in each of the five EQ-5D domains mobility, self-care, usual activities, pain/discomfort and anxiety/depression which can be combined into a single utility value (EQ-5D index). The EQ VAS provides an overall assessment of the current general health state. Completing the questionnaire does not take longer than 3–5 min in average. Information on PROMs allow clinicians to improve shared decision-making and provide individualized care to improve the patient's health-related quality of life (HRQoL) (4).

Intravenous thrombolysis therapy (IVT) and the recent implementation of endovascular thrombectomy (ET) as well as their combination termed “bridging therapy” (BT) led to a significant improvement in the short-term functional outcome of these severely affected subgroups of ischemic strokes with large vessel occlusions of the anterior circulation (12–14).

Yet, prospective data regarding the long-term impact on PROMs are almost entirely lacking in this patient population.

Therefore, we focused on the analysis of PROMs and disabilities in the long-term outcome of stroke patients in a large prospective cohort study with and without acute recanalization therapies.



MATERIALS AND METHODS


Sample Size Estimation

Every year, ~1,700 patients with acute strokes are treated at the University Hospital Augsburg. It was estimated that about 60–70% of the patients would take part in the study (15). Thus, we assumed that about 900–1,000 patients could be recruited within the study period of 1 year. With an estimated effect estimate (HR) of 1.7 for the covariate of interest, a variance of 0.36 and a rho2 = 0.3, the inclusion of 997 patients would be sufficient to detect a significant difference with a statistical power of 80% at a significance level of 5%.



Study Population, Data Collection and Follow-Up

Between September 2018 and November 2019, all consecutive adult patients (18 years and older) with an incident as well as recurrent ischemic or hemorrhagic stroke, who were admitted to the University Hospital of Augsburg, were screened for enrollment. Proportions of baseline and follow-up assessment are shown in Figure 1. Detailed information about methods for recruitment, conduction of patient interviews and obtainment of follow-up data has been published elsewhere (15).
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FIGURE 1. Consort chart of patient enrollment and follow-up.


In summary, trained study nurses prospectively recorded all stroke cases and interviewed patients or legal caregivers after written informed consent. In the interview, demographic information, symptoms upon presentation, diagnosis, lifestyle factors and comorbidities (e.g., carcinoma, cardiac comorbidity, diabetes mellitus) were gathered. Clinical data on comorbidities, risk factors, medication prescribed before hospital stay and at discharge, diagnostic procedures, clinical characteristics, disabilities, laboratory parameters, and treatment regimens during the hospital stay were additionally registered by a chart review.

Three and 12 months after hospital discharge, all study participants received postal questionnaires or telephone interviews with questions on disease symptoms, disabilities, physical activity (German-PAQ-50+) (16), health-related quality of life measured with EQ-5D-5L (European Quality of Life 5 Dimensions) (7, 17) recurrent events and healthcare utilization.



Outcomes

During inpatient stay, clinical outcomes were measured using the National Institute of Health Stroke Scale (NIHSS: score range 0–42) and mRS [score range 0 (no functional deficits) to 6 (deceased)] with higher scores indicating a greater neurological deficit or a higher degree of physical disability (18, 19). NIHSS and mRS were recorded from the patient chart at the timepoints of hospital admission and discharge.

Patient-reported health status was assessed by a visual analog scale (EQ VAS), which evaluates the patient's current overall subjective health from 0 (worst imaginable health) to 100 (best possible health). EQ-5D was assessed in the subacute stroke phase at the end of inpatient stay.

Reliability and validity of the main measures NIHSS (18, 20), mRS (19, 20) and EQ-5D (6–10) used in this study are confirmed in the literature, both in its original and German version: In detail, interrater reliability of NIHSS [mean κ (kappa) = 0.80 in German version (20) and κ = 0.95 in original version (18)] and mRS [mean κ = 0.76 in German version (20) and κ = 0.78 in original version (19)] is very high, as well as the intraclass correlations of EQ-5D ranging from 0.67 to 0.8 (8).

Additionally, information on care dependency (e.g., eligibility of a disabled person's card) and use of medical aids (e.g., walking stick or wheelchair) was collected.

In the follow-up stage, mRS as a functional outcome and EQ-5D assessing the patients' subjective health status, were both evaluated by a postal questionnaire sent to the patients after 3 and 12 months.



Statistical Analysis

Baseline characteristics are presented as mean ± standard deviation (SD) for normally distributed or median ± interquartile range (IQR) for non-normally distributed continuous variables and percentage for categorical variables (Table 1). In a first step, Chi2-Tests were performed for categorical variables if each cell contained at least 5 expected values. If this was not the case, a Fisher's exact test was calculated. Continuous variables were tested for normal distribution using Shapiro-Wilk-Test and Q-Q plots. Non-parametric Mann-Whitney-U-Tests for non-normally distributed variables and t-tests for independent samples for normally distributed variables were used to compare patients with and without stroke-specific acute therapy. In a second step, differences between the four treatment groups (IVT, IAT, BT, and no treatment) were examined using Chi2 or Fisher's exact test for categorical variables and non-parametric Kruskal-Wallis-Tests for continuous variables. If these were significant, treatment groups were compared pairwise using Bonferroni adjusted post-hoc-tests.


Table 1. Baseline characteristics of stroke patients with and without recanalization therapy [thrombolysis (IVT), endovascular therapy (ET) or bridging therapy (BT)].
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Patients with hemorrhagic stroke (n = 37; 5%) were excluded from statistical analyses on stroke severity and follow-up as well as in regression analyses.

For the identification of the outcome both from clinical and patient's perspective, linear regression models were fitted for improvement of NIHSS and mRS between admission and discharge as well as EQ VAS during hospitalization, after 3 and 12 months. Ordinal logistic regressions were fitted for subjective functional limitations after 3 and 12 months. Potential confounders were defined as variables found in the literature to be related to the outcome and associated with the exposure but not intermediate variables in the causal pathway between exposure and outcome. All regression models were adjusted for age, sex, highest school-leaving qualification, smoking, alcohol abuse (with AUDIT-C), physical activity [with IPAQ (International physical activity questionnaire)] and the presence of at least one comorbidity. The treatment groups IVT and IAT/BT were compared to patients without acute therapy. All model assumptions were fulfilled.

A subgroup analysis including severely affected patients (mRS 3-5) was performed using non-parametric Wilcoxon-Tests to identify relevant changes in patient-reported health between follow-up timepoints.




RESULTS


Study Population at Baseline

During the study period, 945 consecutive patients were included. Baseline characteristics are shown in Table 1. Patients were divided into two groups: patients without recanalization therapy (80%) and patients having received a stroke-specific acute therapy (15% IVT and 5% ET or BT).

In most of the baseline characteristics, there were no significant differences between both patient groups. Still, the following significant difference in stroke etiology and severity was mentionable: In patients with recanalization therapy, cardiogenic causes were significantly more frequent compared to patients with stroke unit therapy only. Patients with stroke-specific acute therapy had significantly higher NIHSS and mRS values at admission and discharge and significantly lower EQ VAS values.



Association Between Acute Recanalization Therapies and Outcomes of Stroke Patients
 
During Inpatient Stay

The influence of stroke-specific acute therapies on clinical and patient-reported outcome measures is shown in Table 2. Recanalization therapies were associated with a significantly larger clinical improvement in terms of NIHSS and mRS between admission and discharge compared to patients without recanalization therapy. At the time point of discharge, the treatment group had the identical mean NIHSS compared to the no-recanalization group at admission. Nevertheless, looking at overall health status from the patient's perspective, patients with stroke-specific acute therapy reported significantly lower EQ VAS scores than the group of patients without recanalization therapy during hospitalization (p = 0.03, see Table 1). After adjusting for confounding variables, this effect was no longer significant.


Table 2. Association between stroke-specific acute therapies and patient outcome.
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Follow Up at 3 and 12 Months

A total of 587 (62%) patients took part in the 3-month follow-up and 534 (57%) in the 12-months-follow-up. The response rate of the two groups with and without stroke-specific acute therapy was similar. The results of the follow-up assessments are shown in Table 3.


Table 3. Follow-up after 3 and 12 months of stroke patients with and without recanalization therapy [thrombolysis (IVT), endovascular therapy (ET) or bridging therapy (BT)].
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Looking at EQ VAS change between baseline and 3 months follow-up, the patient's health status increased in both groups, with no significant changes between therapy or stroke unit therapy only. After 12 months, EQ VAS of treated patients was equal to the well-being of patients without recanalization therapy (mean EQ VAS 68 ± 19 in both groups). Altogether, 56% of patients with and 48% of patients without recanalization therapy reported increased overall health between the index event and 12 months on EQ VAS, as visualized in Figure 2.
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FIGURE 2. Change of long-term patient-reported overall health (EQ VAS) of stroke patients with and without acute therapy.





Subgroup Analysis of Patients With High-Grade Functional Deficits

Because of the relatively low average mRS in the entire cohort, we added a subgroup analysis of patients with relevant functional deficits (mRS 3-5, dependency on assistance in everyday life).

The results are presented in Table 4; Figure 3. EQ VAS steadily increased during the follow-up period, with a significant improvement between 3 and 12 months.


Table 4. Long-term course of patient-reported health (EQ VAS) of severely affected patients (mRS 3-5).
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FIGURE 3. Long-term course of patient-reported health (EQ VAS) of severely affected patients (mRS 3-5)-representation as boxplots. *Significant differences between groups.




Other Parameters With Effect on Patient-Related Outcomes

Independent from the effect of therapy, patients with higher age (β = −0.17; 95% CI: −0.32, −0.02; p = 0.02), NIHSS on admission (β = −0.86; 95% CI: −1.45, −0.27; p = 0.004) and mRS at discharge (β = −1.82; 95% CI −3.3, −0.34; p = 0.02) reported significantly lower EQ VAS scores after 3 months. After 12 months a history of at least one previous stroke (β = −6.30; 95% CI: −11.52, −1.08; p = 0.02) was associated with significantly worse patient's health. Stroke etiology had no significant effect on the patient's health well-being.



Objective Functional Limitations

Three months after stroke, a high percentage of patients (20–30%) were permanently dependent on care, had a severely disabled pass or were dependent on medical aids such as walking sticks or wheelchairs. After 12 months of recovery from stroke, the numbers remained high, as shown in Table 3. Since, at baseline, only six patients (0.8%) lived in assisted living and not a single patient lived in a nursing home, these limitations were most likely caused by stroke.




DISCUSSION

This is one of the first prospective cohort studies that has analyzed long-term outcomes in stroke patients with focus on HRQoL and effects of acute recanalization stroke therapies. We could show, that HRQoL continuously improved in all patient groups. However, the most pronounced effect occurred between 3 and 12 months after stroke, especially in patients with relevant functional deficits (mRS 3-5). This observation was valid independent from stroke-specific acute therapies.

Acute recanalization therapies have a positive effect on functional deficits after stroke (21, 22). In the present study, these highly effective therapies strongly impacted short-term functional deficits, with a significant improvement of NIHSS and mRS values in patients with recanalization therapy. In average, this resulted in identical NIHSS values comparing treated patients at the timepoint of discharge and only mildly affected patients with no need of therapy at the time of admission (NIHSS = 1). With respect to HRQoL, patients in the therapy group had a significantly lower EQ VAS compared to the stroke patients without acute therapy, but after adjustment for confounding variables, patients having profited from recanalization therapies did not have a significantly different EQ VAS compared to the patients with stroke unit therapy only, neither in the subacute phase nor in the follow-up period. At first glance, this was rather surprising, as another study could detect a prominent treatment effect, especially for endovascular therapy (23). As functional deficits and HRQoL correlate in stroke patients (24), the strong functional improvement during hospitalization in our treated patients might explain the low treatment effect in the statistical analysis of the present cohort. The EQ-5D questionnaire was assessed at the end of inpatient stay when functional deficits of treated patients were already ameliorated to a level comparable to the only mildly affected patients in the no recanalization therapy group. Another aspect might be that specific treatments might only be one amongst many other factors influencing patient-centered outcomes. Observational studies in patients with malignant diseases, e.g., bladder or breast cancer, revealed a similar effect: age, comorbidities or psychological distress had a greater influence on EQ-5D than the specific treatments received (25, 26). For HRQoL individual coping strategies have a significant impact on the patient's subjective well-being. Active coping strategies have a beneficial effect on HRQoL after stroke with positive aspects being social support, extrovertive personality traits and active information seeking (27).

For interpretation of EQ-5D values in stroke patients, it is necessary to compare these patients to healthy persons at the same age and to patients with comparable diseases. Patients in the present cohort rated their overall health status worse than a representative sample of the age-matched German population [mean EQ VAS = 75 in persons 60–79 years of age (28)]. Interestingly, even mildly affected patients without recanalization treatment (mean NIHSS 2) rated their subjective health (EQ 62 ± 21) as low as patients with serious diseases such as advanced colorectal cancer [mean EQ VAS 62 (29)] or heart disease [mean EQ VAS 61 (28)]. Over time, HRQoL continued to improve in all patient groups, with the most significant effect between 3 and 12 months, especially in the subgroup of patients with severe functional deficits (mRS 3-5). The EQ VAS level improved to a value of 68 after 12 months, but did not reach the general population's comparative value [mean EQ VAS = 75 (28)]. Our results are in line with other studies, which found that even after 5 years HRQoL of stroke survivors remained below the general population level (30).

Altogether, the present results suggest that a relatively short follow-up time of 3 months - as recommended in a recent meta-analysis (22) and practiced in the majority of controlled trials - may not be sufficient to predict the patients' long-term HRQoL. Our data show that this applies for the initially more severely affected patients of the therapy groups and overall especially for the subgroup with severe clinical deficits (mRS 3-5) that needed up to 12 months to recover and improve their HRQoL. For future evaluation an extended follow-up period of 24 months is already planned, as we need to increase our understanding of long-term functional and mental recovery in stroke patients. HRQoL may continue to improve in the 2nd year, which is also seen in a study of young stroke patients (31). As the current literature suggest a poor long-term HRQoL of stroke survivors (32–34), this information may be of great value especially for patients with relevant functional deficits. One explanation for delayed functional recovery, especially in more severely affected patients, might be the process of neuronal remodeling, which is restricted in patients with extended neuronal damage and can be predicted by particular imaging methods (35). Going along with the observation of delayed recovery was that the need for medical aids (e.g., wheelchair) improved from 33% at 3 months to 25% at 12 months in the therapy group while it remained at 26% for both time points in the group without recanalization therapy. Increased mobility might thus be an important factor, whereas the need of care remained unchanged for both time points at 19 and 15% in the recanalization vs. non-recanalization therapy group, respectively.

Individual prognosis is essential for patients in the subacute period after stroke. In our data, younger age and better clinical outcome measures (NIHSS and mRS) positively influenced EQ VAS after 3 months. The chance for a good EQ VAS after 12 months was lower in patients with recurrent strokes. In the current literature, factors such as male sex, white race, social support and active coping strategies have also been identified as positive predictors for better HRQoL, whereas stroke severity and functional impairment were associated with a more unsatisfactory outcome in stroke survivors (36, 37).

As PROMs reflect the patient-immanent strategies to cope with a disease, they do not necessarily correlate with objective outcome parameters such as need for professional care or medical aids. Interestingly, we observed a discrepancy between a high level of subjective health quality despite a significant proportion of our patients being in permanent need of care 12 months after the index event. These limitations based on objective criteria should be scrutinized in future observational outcome studies, as this information is especially relevant from a health care point of view a high economic burden for the health care system (38, 39). Standardized registration of PROMs in the acute and follow-up phase could improve self-management in patients and support physicians to gain information about long-term HRQoL in their patients. To support this, digital measurement systems have already been tested but further research in this area is still needed (40).

As a result of our study and the current literature, PROMs are a valuable supplement, but no substitute to clinician-reported outcome measures. Despite a considerable proportion of objective impairments, the subjective health perception of stroke patients after 1 year is surprisingly high (mean EQ VAS 68 ± 19) and well above that of other chronic diseases such as cancer [mean EQ VAS 62 (29)] or heart disease [mean EQ VAS 61 (28)]. This information is highly relevant for clinicians when counseling stroke patients and their relatives.

To guide individualized care concerning PROMs, clinicians need to know, which patients are at particular risk of long-term impairment of individual HRQoL. So far, we know that certain comorbidities as depression (41) and other factors as unemployment and lack of family support (42) negatively affect these outcomes. Therefore, physicians should focus on early interventions of e.g. post stroke depression in the (sub)acute phase. During rehabilitation and afterwards measures as reintegration in the job market or implementation of stroke support groups have a positive effect, as documented in the literature (43). Other aspects as the level of education and migrational background still need to be investigated in future studies.


Strengths and Limitations

The long follow-up period of prospectively analyzed stroke patients with focus on PROMs combined with the detailed information on acute stroke treatment and objective functional limitations represents a major strength of our study.

The use of the EQ-5D enables a comparison with other diseases. However, the EQ-5D does not allow a detailed description of specific domains of HRQoL such as social, cognitive and emotional impairments. Thus, the results of this study should be confirmed using a more stroke-specific questionnaire. However, 47% of the consecutive stroke patients could not be included in the study e.g., due to refusal (5%) or inability (16%) to participate and 38% of the baseline assed patients were lost to follow-up. This may produce bias because more severely affected stroke patients may have been more likely to refuse participation. The patients in the different treatment groups are not matched and cannot be compared directly. This aspect was addressed by a subgroup analysis of severely affected patients (mRS 3-5) and by adjustment of confounders in regression models.

Nevertheless, 57% of the patients assessed at baseline (n = 534) still participated after 12 months. Despite comparable recanalization therapy rates between our cohort and the Bavarian average (44), the number of patients with compared to patients without recanalization therapy was relatively small making it difficult for smaller effects to become significant.




CONCLUSION

In conclusion, this study provides novel insights into long-term patient-reported outcomes and objective functional impairments after stroke. The study demonstrated that initial functional deficits, age and recurrent strokes predict HRQoL, whereas acute therapies beyond their immediate effect were not clearly associated with patient-reported outcomes. The subjective health related quality of life steadily increased for all patients and recovered to high levels at 12 months despite a high proportion of persisting disability in up to 29% of the patients. Especially severely affected patients needed longer periods of time and improved most between 3 and 12 months. Nevertheless, after 12 months, the overall health status from the patient's perspective did not regain the level of the age-matched general population. Since objective outcome parameters do not necessarily match to the same degree as patient-related outcome measures, these aspects are important for adequate patient-centered counseling and should be included in future observational studies.
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