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Objectives: We studied quality of life, functional outcome, depression, and fatigue of ischemic stroke patients
treated with or without thrombolysis seven years post-stroke.

Materials and methods: A total of 204 ischemic stroke patients treated with or without thrombolysis during
2013-2015. After seven years the 136 survivors were assessed with telephone interview, which included
questions about subjective quality of life (European Quality of Life-5 Dimensions), depression, fatigue with
Fatigue Severity Scale, functional ability assessed with Barthel Index and Modified Rankin Scale, living condi-
tions, need of care, and medical aids.

Results: At admission patients with thrombolysis had higher National Institutes of Health Stroke Scale scores
compared with those not treated with thrombolysis. At seven years post-stroke, 99% of alive patients answered
the questionnaires. There were no group differences concerning functional outcome, quality of life, depression,
fatigue, or insomnia. The Barthel Index was normal in both groups. The quality of life was good in both groups
without group differences in any domains. Of all patients, 68% reported no problems in usual activities, and 61%
were without pain. Anxiety or depression were experienced by 19% of all stroke patients, while fatigue was
present in 32% of cases.

Conclusions: Seven years post-stroke the quality of life was good and functional outcome remained in good level
in both study groups. One third experienced fatigue, while every fifth experienced depression. The thrombolysis
treatment seems to protect from decreased quality of life, fatigue, and decreased mobility, self-care, and usual
activities despite more severe stroke.

Introduction Within past years, treatment of acute stroke with intravenous throm-

bolysis and mechanical thrombectomy have improved the post-stroke

Approximately fifteen million people experience stroke and at least
160000 experience recurrent ischemic stroke every yearl’2 Stroke is
worldwide the second most common cause of mortality, and it is asso-
ciated with long-term disability, morbidity, and healthcare costs®™

outcomes and have decreased case-fatality up to 12 months after
stroke (5-9).

Previous studies have pointed out that stroke patients with throm-
bolysis treatment are self-employed (Modified Rankin Scale, mRS scores

Abbreviations: EQ-5D, European quality of life-5 dimensions; FSS-9, fatigue severity scale; BI, barthel index (BI); mRS, modified rankin scale; NIHSs, national
institutes of health stroke scale; GCS, glasgow coma scale; ADL, activities of daily living; ESS, epworth sleepiness scale; ISI, insomnia severity index; OSA, obstructive

sleep apnea; OR, odds ratio.
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0-2) in 68% of the cases three months after stroke and are most likely to
have better performance and survival in the future.'%!! The studies
evaluating ability to work after thrombolysis treated stroke are scarce
Five years post-stroke the rate of return to work after
reperfusion-treatment was equal to the general population of Sweden.?
The re-employment in ischemic stroke patients undergoing mechanical
thrombectomy after three months follow-up was better in those who
were younger, males, had lower National Institutes of Health Stroke
Scale (NIHSS) scores on admission, non-smokers, and non-diabetics.'®
High pre-stroke mRS®° 24h NIHSS score over 4, age over 75 years,
hypertension, renal failure and atrial fibrillation are related to lower
quality of life in ischemic stroke patients treated with acute revascu-
larization therapy one year post-stroke.'* Some studies have reported
that intravenous thrombolysis has been associated with improved
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quality of life'>'*>'® However, a few studies have evaluated post-stroke
long-term outcomes and quality of life over one year after stroke sur-
vivors who have been treated with thrombolysis.'>!”*'® Long-term
post-stroke evaluation shows that every fifth of stroke patient’s
mobility status declines and predictors of mobility decline are inactivity,
fatigue and depression'” One year post-stroke quality of life correlates
with Barthel Index and NIHSS scores in ischemic stroke patients with
intravenous thrombolysis.”’

After stroke the cumulative incidence of depression estimates range
from 39 to 52% within five years, with the pooled prevalence of post-
stroke depression is 29% and up to ten years in the recent review.”!
According to the literature, the predictors of post-stroke depression are
pre-stroke disability and depression, stroke severity and anxiety”!??
Previous studies have reported that independent outcomes of

Baseline ischemic stroke patients

n=204

Patients with
thrombolysis baseline
n=110

Drop outs

n=31 deaths, n=1 denied

Patients without
thrombolysis baseline
n=84

Drop outs

n=36 deaths

Telephone interview after 7 years n=136

Patients with
thrombolysis after 7
yearsn=78

Patients without
thrombolysis after 7
years n=58

Fig. 1. The flowchart of study patients.
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post-stroke depression are higher mortality after ten years, decreased
quality of life and disability after one year.?>*

The prevalence of fatigue after ischemic stroke varies between 29
and 77%”>?° Subjective fatigue is difficult to define and measure and
one definition is that subjective fatigue is a feeling of exhaustion,
weakness and unable to effort”” Fatigue is a reversible loss of ability,
feeling of physical and mental overwork, which makes it unable to do
routine activities.”® Post-stroke fatigue at six months associates with
older age, higher mRS scores, depressive symptoms, hypercholester-
olemia and decreased quality of life in ischemic stroke patients treated
with intravenous thrombolysis.”’

We performed an observational prospective study to investigate
acute ischemic stroke patients, treated with or without thrombolysis,
and their long-term functional recovery, quality of life, and fatigue seven
years post-stroke.

Materials and methods

We performed an observational, prospective, single center study in
204 ischemic stroke patients over 18 years, who were admitted to the
Stroke Unit at the Department of Neurology of the Oulu University
Hospital from April 2013 to January 2015. Of those 110 received
thrombolysis and the remaining 94 patients treated without thrombol-
ysis. Participation was voluntary and non-cooperative patients
excluded. We obtained written informed consent from all patients or
from their relatives. The ethics committee of the Northern Ostrobothnia
Hospital District approved the study protocol.

The patients were followed prospectively until 2021. The same
investigator made a telephone-interview during April and November
2021 to every study patient. If the patient was unable to speak, care-
givers answered to the specific questionnaire. The investigator sent
postal questionnaires to ten patients, because they didnt answer to the
numerous phone calls. Of those, only one sent the postal questionnaire
back, nine patients phoned back, and the investigator interviewed them
by telephone. One patient denied attending the study. The flowchart of
study patients is shown in Fig. 1.

The baseline demographic data included age, gender body mass
index, current smoking habits, daily alcohol consumption, employment
status, comorbidities, vascular risk factors, current medication, stroke
etiology and location. Stroke outcome was estimated by the modified
Rankin scale (mRS; scale 0-5)°° while Barthel Index (BI; scale 0-100)>"
was documented only after follow-up. At baseline we assessed the level
of consciousness by the Glasgow Coma Scale (GCS;scale 3-15)°? and
stroke severity by the National Institutes of Health Stroke Scale (NIHSS,
scale 0-35).%°

The telephone interview and specific questionnaire included ques-
tions on functional independence (BI), degree of impairment in daily
activities (mRS), health-related quality of life questionnaire: European
Quality of Life-5 Dimensions (EQ-5D), fatigue questionnaire: Fatigue
Severity Scale (FSS-9). We also made questions about daytime sleepiness
and insomnia, employment status (retired or employed), disabilities,
need of medical aids (wheel chair, wheel walker, walking stick) and a
caregiver, smoking habits, and living condition. In case of death, the
caregiver informed the cause of death or we collected the data from
medical records. Diagnosis of depression was collected from medical
records.

Activities of daily living (ADL) was measured by BI, which included
10 items of ADL; feeding, bathing, grooming, dressing, bowel and
bladder care, toilet use, transfer to bed and chair, mobility and stair
climbing. The BI scores 100 indicated full ability and score 0 showed full
disability. The Barthel index has pointed out to be a reliable and valid
measure of ADL in stroke patients.* We used (mRS to assess the
dependence and stroke outcome.>° The mRS score 0 meant full depen-
dence, while 5 indicated full independence. Both the pre-stroke mRS
values and mRS values after follow-up were recorded.

The study patients self-rated their quality of life by answering the
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EuroQol -questionnaire (EQ-5D), which contains five question domains
about mobility, self-care, usual activities, pain/discomfort and anxiety
or depression. This specific questionnaire has been applied and vali-
dated for stroke patient.’>*® We used the modified standard
five-dimensional format. The respondents, or their caregivers, described
their own health state on five dimensions: mobility, self-care, usual ac-
tivities, pain/discomfort, and anxiety/depression. The patients chose
one of three levels for each five dimension: no problems, some problems
or extreme problems with self-care or usual activities, pain, or anxiety.
The EQ-5D showed good quality of life (5 points), moderate (10 points)
or reduced (15 points) quality of life. Good quality of life means that
there are no problems in none of the five items.

The fatigue severity scale (FSS-9) was used to assess fatigue after
stroke.”” We assessed fatigue with FSS-9 questionnaire only after
follow-up. The FSS-9 contained nine questions and the patients rated
each question by choosing appropriate number between 0 and 7. At first
the total scores varies from 9 to 63 and then the score is divided by the
number of responded questions and then the total scores range from 1 to
7. The FSS-9 points >4 means that the patient experience fatigue.*®

We used Epworth Sleepiness Scale (ESS; scale 0-24) to indicate
daytime sleepiness and ESS>10 indicated excessive daytime sleepi-
ness.”” We evaluated ESS both in the acute phase of stroke and after
follow-up. The Insomnia Severity Index (ISI, scale 0-28) scores >8
meant that the patient has insomnia.*’

Patients’ demographic data was reported as means and standard
deviations (SD) or as frequencies and percents. The modified Rankin
Scale (mRS), the NIHSS and GCS scores were reported as medians. The
variables measured at baseline were compared between the groups with
and without thrombolysis using the Chi-square test or the Fischer exact
test (categorical variables), the Student’s t-test (normally distributed
variables), or the Mann-Whitney U test (non-normally distributed)
variables), separately for all the patients included and for those who
were included in the follow-up data. Year-by-year mortality was
analyzed with Kaplan-Meier survival curves. Logistic regression ana-
lyses were performed to determine odds ratios (OR) and 95% confidence
intervals (CI) of variables that predict quality of life after stroke. The p
value of < 0.05 was considered statistically significant. Statistical ana-
lyses were performed with IBM SPSS (IBM Corp. Released 2013. IBM
SPSS Statistics for Windows, Version 29.0.1.0 Armonk, NY: IBM Corp.).

Results

The patients’ baseline characteristics and clinical data are shown in
Table 1. Of all patients, 62.7% were male, and the gender distribution
did not differ between the groups. The thrombolysis patients were
younger than the non-thrombolysis patients (mean age difference 4.2
years; p = 0.027). Daily alcohol consumption was more frequent in the
thrombolysis group. Patients without thrombolysis had more atrial
fibrillation than others. The median NIHSS score at admission was
higher, and the median GCS score lower in the thrombolysis as
compared to the non-thrombolysis group and the median pre-stroke
Rankin Scale score were similar across the groups. Aphasia was more
common at admission in the thrombolysis as compared to the non-
thrombolysis group. The thrombolysis group had more middle cere-
bral artery and less lacunar infarctions than non-thrombolysis group.

Of the 204 treated patients, 137 (67.2%) survived, of whom 136
(99.3%) agreed to participate in the telephone interview seven years
post-stroke. Those 136 patients (66.7%) were included in the final an-
alyses (Fig. 1). The mean time from stroke onset to the telephone
interview was 7.5 years, range 6.3-8.7 years. The patients’ baseline
characteristics and clinical data in alive patients after seven years are
shown in Table 1, too. Of those 136 patients, 58.1% were male and 78 of
patients had received thrombolysis. There was no longer age difference
between the groups at the follow-up The daily alcohol consumption
before stroke did not differ between the groups anymore. There were no
between-group differences concerning the gender, BMI, smoking
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Table 1

The baseline characteristics and clinical data measured at admission, separately for all the patients and for the patients who participated in the follow-up.
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Characteristic At admission After seven years post-stroke
Subjects with Subjects without Total P- Subjects with Subjects without Total P-value
thrombolysis thrombolysis (n=204) value thrombolysis (n=78) thrombolysis (n=58) (n=136)
(n=110) (n=94)
Men,n (%) 72 (65.5) 56°%° 128 0.387 45 (57.7) 34 (58.6) 79 (58.1)  0.914
(62.7)
Mean Age, years (SD) 65.8 (14.6) 70.0 (11.5) 67.7 3% 0.027 62.6 (14.0) 66.3 (10.8) 64.2 0.100
(12.8)
Mean BMI (SD) 27.5 (4.9) 27.1 (4.4) 27.3 0.474 27.6 (5.0) 27.6 (3.3) 27.6 0.983
4.7) (4.3)
Smoking n (%) 20 (18.2) 24757 44(21.6) 0.234 43 (55.1) 38 (65.5) 81(59.6)  0.360
Alcohol consumption daily n (%) 19 (17.3) 4 (4.3) 23(11.3) 0.003 3(3.8) 2(3.4) 5(.7) 0.903
Mean ESS (SD) 4.7 (3.0) 4.7 (2.6) 4.7 (2.8) 0.880 4.8 (3.1) 4.5 (2.7) 4.7 (2.9) 0.639
Median prestroke Rankin Scale 0(1.04) 0(1.29) 0(1.16) 0.083 0.0 (0.9) 0.0 (0.7) 0.0 (0.8) 0.782
(SD)
Median NIHSS score (SD) (0-35) 5.5 (5.0) 2.0 (4.0) 4.0 (4.9 <0.001 5.0 (4.6) 2.0(2.4) 3.5(4.4) 0.001
Aphasia n (%) 38 (34.5) 8%° 46 (22.5) <0.001 21 (26.9) 3(5.2) 24 (17.6) 0.001
Median GCS score (SD)*'° 15.0 (1.3) 15.0 (1.3) 15.0 0.027 15.0 (1.1) 15.0 (0.6) 15.0 0.021
(1.3) 14.5 14.8 (1.0)
14.6
Hypertension n (%) 65 (59.1) 58 (61.7) 123 0.704 44 (56.4) 31 (53.4) 75 (55.1) 0.731
(60.3)
Hypercholesterolemia n (%) 46 (41.8) 47 (50.0) 93 (45.6) 0.242 27 (34.6) 27 (46.6) 54 (39.7) 0.159
Diabetes Mellitus n (%) 21 (19.1) 19 (20.2) 40 (19.6) 0.841 9(11.5) 9 (15.5) 18 (13.2) 0.498
Coronary Artery Disease n (%) 22 (20.0) 27 (28.7) 49 (24.0) 0.146 11 (14.1) 13 (22.4) 24 (17.6) 0.209
Heart Failure n (%) 3(2.7) 7 (7.4) 10 (4.9) 0.120 2 (2.6) 2(3.4) 4(2.9) 0.763
Atrial Fibrillation n (%) 5(4.5) 27 (28.7) 32(15.7) <0.001 1(1.3) 11 (19.0) 12 (8.8) <0.001
PAD n (%) 3(2.7) 4 (4.5) 7 (3.5) 0.501 1(1.3) 3(5.2) 4(2.9) 0.312
Depression n (%) 0(0.0) 3@3.2) 3(1.5) 0.059 0(0.0) 3(5.2) 3(2.2) 0.075
Stroke Location: Middle cerebral 67 (60.9) 31 (33.0) 98 (48.0) <0.001 46 (59.0) 14 (24.1) 60 (44.1) <0.001
artery infarction, n (%)
Stroke Location: Lacunar 19 (17.3) 34 (36.2) 53 (26.0) 0.002 16 (20.5) 22 (37.9) 38 (27.9) 0.025
infarction, n (%)
Retired before stroke n (%) 48 (61.5) 37 (63.8) 85 (62.5) 0.788

BMI, body mass index; ESS, Epworth Sleepiness Scale; NIHSS, National Institutes of Health Stroke Scale; GCS, Glasgow Coma Scale; PAD, peripheral artery disease

prevalence, daytime sleepiness, previously diagnosed depression, hy-
pertension, hypercholesterolemia, diabetes mellitus, coronary artery
disease, heart failure, or peripheral arterial disease at follow-up either.
The median NIHSS score at admission was higher, and the median GCS
score lower in the thrombolysis as compared to the non-thrombolysis
group and the median pre-stroke Rankin Scale score was similar
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across groups. Aphasia was still more common and atrial fibrillation less
common at follow-up in the thrombolysis as compared to the non-
thrombolysis group. Furthermore, the thrombolysis group still had
more middle cerebral artery and less lacunar infarctions than non-
thrombolysis group. Before the stroke there were 48 (61.5%) retired
patients in the thrombolysis group and 37 (63.8%) in the non-
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Fig. 2. Survival at seven years of Thrombolysis group and Non-thrombolysis group (log-rank p=0.449).
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thrombolysis group. There was also no difference in terms of being at
work.

Survival at seven years did not differ significantly between groups:
32 of 110 (29.1%) patients with alteplase treatment versus 36 of 94
(38.3%) without thrombolysis died (log-rank p=0.449; Fig. 2.)

Table 2 Presents the functional outcomes and quality of life seven
years after the ischemic stroke. The overall mean BI was 90.74, the
median mRS 1.00, and the mean EQ-5D 6.62, and did not differ between
the groups. Fatigue was reported less frequently in thrombolysis group
26.9% vs. 39.7% but the difference was not significant (P=0.116). Of
thrombolysis treated patients 7 (9.0%) and 6 (10.3%) of other patients
were in the need of institutional care. After seven years, 83.3% of the
patients were retired. There were significantly less retired patients in the
thrombolysis group than others 78.2% vs. 91.4% (P=0.039). There were
no between-group differences concerning neither the results of EQ-5D,
FSS-9, ESS, ISI nor the rates of insomnia, depression and the need of
care, and medical aids after follow- up time.

The exact data for EQ-5D and BI after 7 years of follow-up are pre-
sented in the Table 3. In the treatment group 31 (39.7%) had normal EQ-
5D and 54 (69.2%) had normal BI while in others the corresponding
numbers were 17 (29.3%) and 39 (67.2%). There were 27 (34.7%) pa-
tients suffering pain or discomfort in thrombolysis group and 26 (44.8%)
in others. Two (2.6%) patients in thrombolysis group suffered from
extreme pain or discomfort. In thrombolysis group there were 13
(16.7%) anxious or depressed patients and 13 (22.4%) among others.
None of the patients was extremely anxious or depressed.

The logistic regression analysis for the influence of the severity of the
stroke (NIHSS) and the thrombolysis treatment on the quality of life are
presented in Table 4. We found out that the thrombolysis treatment
decreases the risks of decreased BI (OR 0.340, 95% CI 1.132-0.875),
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Table 3
EQ-5D and normal Barthel Index after seven years of follow-up.
Patients with Patients without Total P-
thrombolysis thrombolysis (n=136) value
(n=78) (n=58)
Normal EQ-5D (%) 31 (39.7) 17 (29.3) 48 0.208
(35.3)
Mobility Domain
No problems 53 (67.9) 32 (55.2) 85 0.128
walking (%) (62.5)
Some problems 23 (29.5) 25 (43.1) 48 0.100
walking (%) (35.3)
Confined to bed (%) 2 (2.6) 1(1.7) 3(2.2) 0.610
Self-care Domain
No problems with 60 (76.9) 42 (72.4) 102 0.548
self-care (%) (75.0)
Some problems 13 (16.7) 12 (20.7) 25 0.549
washing or (18.4)
dressing (%)
Unable to wash or 5(6.4) 4(6.9) 9 (6.6) 0.587
dress (%)
Usual activities Domain
No problems with 54 (69.2) 39 (67.2) 93 0.805
usual activities (68.4)
(%)
Some problems 19 (24.4) 14 (24.1) 33 0.976
with usual (24.3)
activities (%)
Unable to do usual 5 (6.4) 5 (8.6) 10 (7.4) 0.433
activities (%)
Pain or discomfort Domain
No pain or 51 (65.4) 32 (55.2) 83 0.227
discomfort (%) (61.0)
Moderate pain or 25(32.1) 26 (44.8) 51 0.128
discomfort (%) (37.5)
Extreme pain or 2(2.6) 0 (0.0) 2(1.5) 0.327
discomfort (%)
Anxiety or depression Domain
Not anxious or 65 (83.3) 45 (77.6) 110 0.399
depressed (%) (80.9)
Moderately anxious 13 (16.7) 13 (22.4) 26 0.399
or depressed (%) (19.1)
Extremely anxious 0 (0.0) 0(0.0) 0 (0.0)
or depressed (%)
Normal Barthel 54 (69.2) 39 (67.2) 93 0.805
index (68.4)

(score=100) (%)

Table 2
Functional outcomes and quality of life seven years after stroke.
Outcome Patients with Patients without Total P-
thrombolysis thrombolysis (n=136) value
(n=78) (n=58)
Mean Barthel 91.47 (18.76) 89.74 (20.91) 90.74 0.613
Index (SD) (19.65)
Median mRS (SD) 1.00 (1.57) 1.00 (1.49) 1.00 0.519
(1.53)
Mean EQ-5D (SD) 6.54 (1.86) 6.74 (2.02) 6.62 0.545
(1.92)
Mean Usual 1.37 (0.61) 1.41 (0.65) 1.39 0.699
activities EQ-5D (0.62)
(SD)
Mean Mobility EQ- 1.35(0.53) 1.34 (0.61) 1.32 0.199
5D (SD) (0.59)
Mean Self-care EQ- 1.29 (0.58) 1.34 (0.61) 1.32 0.629
5D (SD) (0.59)
Mean Pain or 1.37 (0.54) 1.45 (0.50) 1.40 0.400
discomfort EQ- (0.52)
5D (SD)
Mean Anxiety or 1.17 (0.38) 1.22 (0.42) 1.19 0.403
depression EQ- (0.40)
5D
Fatique n (%) 21 (26.9) 23 (39.7) 44 (32.4) 0.116
Mean FSS-9 (SD) 23.26 (16.21) 25.16 (16.47) 24.49 0.307
(16.32)
Mean ESS (SD) 4.21 (3.02) 3.66 (2.86) 3.97 0.284
(2.95)
Retired n (%) 61 (78.2) 53 (91.4) 144 0.039
(83.8)
Need of care n (%) 24 (30.8) 19 (32.8) 43 (31.6) 0.805
Medical aids n (%) 20 (25.6) 23 (39.7) 43 (31.6) 0.082
Institutional care n 7 (9.0) 6 (10.3) 13 (9.6) 0.788
(%)
Mean Insomnia 5.69 (4.09) 6.02 (4.07) 5.83 0.647
Severity Index (4.07)
(SD)
Insomnia n (%) 20 (25.6) 19 (32.8) 39 (28.7) 0.364
Depression n (%) 13 (16.7) 13 (22.4) 26 (19.1) 0.399

need of care (OR 0.356, 95% CI 0.139-0.908), need of mobility aid (OR
0.310, 95% CI 0.126-0.760), decreased EQ-5D (OR 0.382, 95% CI 0.164-
0.890), fatigue (OR 0.339, 95% CI 0.140-0.820), decreased mobility (OR
0.349, 95% CI 0.149-0.818), decreased selfcare (OR 0.326, 95% CI
0.119-0.887), and decreased usual activities (OR 0.345, 95% CI 0.135-
0.886). On the other hand, the severity of the stroke increases the
risks of decreased BI (OR 1.235 95% CI 1.107-1.379), need of care (OR
1.224, 95% CI 1.098-1.363), need of mobility aid (OR 1.118, 95% CI
1.015-1.232), decreased EQ-5D (OR 1.131, 95% CI 1.014-1.261), fa-
tigue (OR 1.114, 95% CI 1.012-1.227), decreased mobility (OR 1.118,
95% CI 1.016-1.229), decreased selfcare (OR 1.196, 95% CI 1.076-
1.330), and decreased usual activities (OR 1.231, 95% CI 1.104-1.374).

Discussion

Our prospective study showed that seven years post-stroke func-
tional ability and quality of life in ischemic stroke patients treated with
thrombolysis was as good as in those treated without thrombolytic
treatment, although the first mentioned group had more severe strokes.
Furthermore, we pointed out that most of our patients were not
depressed or anxious, and only few experienced feelings of fatigue. Our
study showed that seven out of ten of survived ischemic stroke patients
treated with thrombolysis had normal functional ability and four out of
ten had normal quality of life after seven years follow-up, despite more
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Table 4
The effect of the severity of stroke and thrombolysis treatment on the quality of
life after an ischemic stroke.

NIHSS (severity of stroke) Thrombolysis treatment

OR 95% CI P-value OR 95% CI P-

value

Barthel < 100 1.235  1.107- <0.001 0.340 0.132- 0.025
1.379 0.875

Need of 1.071 0.935- 0.321 0.619 0.161- 0.486
institutional 1.226 2.383

care

Need of care 1.224 1.098- <0.001 0.356 0.139- 0.031
1.363 0.908

Need of mobility 1.118  1.015- 0.024 0.310  0.126- 0.010
aid 1.232 0.760

Decreased EQ-5D 1.131  1.014- 0.027 0.382  0.164- 0.026
1.261 0.890

Fatigue 1.114  1.012- 0.028 0.339  0.140- 0.016
1.227 0.820

Insomnia 0.998  0.903- 0.962 0.715  0.303- 0.444
1.102 1.687

OSA after 6 0.961 0.851- 0.521 1.493 0.482- 0.493
months 1.085 4.623

Decreased 1.118 1.016- 0.022 0.349  0.149- 0.015
mobility 1.229 0.818

Decreased 1.196  1.076- 0.001 0.326  0.119- 0.028
selfcare 1.330 0.887

Decreased usual 1.231 1.104- <0.001 0.345  0.135- 0.027
activities 1.374 0.886

Pain 1.019  0.930- 0.688 0.601  0.270- 0.214
1.116 1.340

Anxiety or 1.063 0.955- 0.264 0.523 0.190- 0.209
depression 1.184 1.437

severe strokes on admission compared to those treated without throm-
bolysis. Only one third of our patients experienced fatigue. Only two out
of ten of our patients experienced depression and anxiety.

At baseline our ischemic stroke patients treated with thrombolysis
had more severe strokes, because they had significantly higher NIHSS
scores and more aphasia compared to patients treated without throm-
bolysis. Despite the above mentioned, there was no significant differ-
ence in daily activities, quality of life and fatigue between the two study
groups post-stroke.

Our finding, that the quality of life was not impaired compared to the
others despite that thrombolysis treated patients had severe stroke as
assessed by NIHSS scores is in line with previous studies.'»*"*? Contrary
to our study previous study pointed out that poor post-stroke quality of
life was independently related to NIHSS score >4 one year after stroke.'*
The functional level pre-and post-stroke was good in both our study
groups and overall quality of life scores were not influenced by mRS
scores, which is in line with the study by Cortez et al.*! According to
former studies mRS >2 was related to lower post-stroke quality of life.'*
In this study, seven years post-stroke approximately 69% of patients
were independent in daily activities, with the Barthel index score of 100,
and our results are comparable to the results from one previous study by
Muhr 2017 et al.'? as well as to the other study which showed that 85%
had no or mild disability one year after thrombolytic treatment.”” Pre-
vious studies have reported rates of favorable outcome in stroke patients
treated with thrombolytic therapy at 3 months as 65%, at 6 months
45%"° at 12 months 88%"> and at 18 months 53%.'° The good
post-stroke outcome could be defined as mRS scores 0-2, and we showed
that both our study groups pre-stroke functional ability was good (mRS
0) and the ability to act maintained in good level after seven years
follow-up (mRS 1) in these groups. In this study only 5% of patients
pre-stroke and 30% post-stroke had moderate or severe disability (mRS
3-5), while previous studies pointed out that more than half of patients
presented with mRS score 3-5.'* Our mean Barthel Index was 91 out of
100 scores without differences between thrombolysis treated and those
treated without thrombolytic treatment. One third of our patients
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needed care, as assessed by BI below 100, and this is in line with the
study from Sweden.'? Kainz et al.** showed that the need of care was
only 19% one-year post-stroke, while 18-month post-stroke IST-3
study'® reported the need of care to be as high as 43%.'° Nine out of ten
were living at home post- stroke in this study and our results are com-
parable to the results from the previous studies.'>** Only 10% of our
patients needed institutional care, which is a remarkably lower rate than
in previous study with 22% rate of institutional care.*® This can partly be
due to the different healthcare systems.

In this study up to one third of stroke patients had insomnia, which is
in line with previous studies, which reported that insomnia affected 12-
37% of stroke survivors.*®*” In our study, every fifth had the diagnosis
of depression at seven years post-stroke, which is in line with the pre-
vious study by Ayerbe.*® Higher rates of depression compared to ours
were reported in the Swedish study where almost half of patients were
depressed.?

In this study one third of all our stroke survivors needed medical aids
contrary to one previous study, which showed that only one out five
needed mobility aids.”® We observed that thrombolysis treated patients
need of medical aids was lower than in the non-thrombolysis group
(26% vs 40%) and likewise we, another study showed that one fourth of
thrombolysis treated stroke patients needed medical aids.**

We pointed out, that seven years post-stroke the quality of life was
good and without group difference, which is in line with the former
studies.'? Our result concerning all five domains in EQ-5D questionnaire
were in good level without group differences, contrary to the IST-3 study
which pointed out that the patients with thrombolysis treatment had
significantly better results in four out of five domains.'® Our result, that
68% of the thrombolysis patients had no problems with walking, is
comparable to the result from the previous study by Muhr et al.'?
Contrary to our study, the IST-3 study showed that only 40% in the
thrombolysis group had no problems with walking.'® Our thrombolysis
treated stroke patients’ self-care was normal in 77% of cases and our
results are comparable to the results from the study by Muhr et al.'?
while the self-care was normal only in 54% of thrombolysis treated
patients in the IST-3 study. In this study, one third of those with
thrombolysis had problems with usual activities, which is lower than
that of the IST-3 study. The above-mentioned result, that seven out of ten
had not problems in usual activities is in line with former study by Muhr
et al.'? Pain or discomfort rate was 35% in our stroke patients who
underwent thrombolysis, which is lower than the rate of 50% in the two
previous study.'? We reported anxiety or depression only in 20% of
cases, which is substantially lower rate than in previous studies.'*'®

Approximately one-third of our ischemic stroke patients reported
post-stroke fatigue, the results being comparable to the recent system-
atic review, which reported the prevalence of post stroke fatigue 34% at
one year after ischemic stroke in stroke survivors.”’>? One study from
China reported that the prevalence of fatigue was 24% at 24 months
after stroke.”® Some former studies pointed out higher post-stroke fa-
tigue rates than ours, between 51 and 77%.°*°° The feeling of fatigue
after stroke causes impaired quality of life and depressive symptoms.>’

One out of five of our patients had depression, which is in line with
the study by Ayerbe.*® The previous review reported the prevalence of
depression was 29% and the prevalence remained stable up to 10 years
after stroke.’! Post-stroke depression is associated with concomitant
fatigue.”® The previous study from Sweden showed that, one year
post-stroke presence of depression increased the OR for fatigue 3.2.°7
The post-stroke depression increased mortality in two previous studies
with follow-up periods between 17 months and 11 years.?>?*>0

We showed that patients treated with thrombolysis retired seldom
than patients without thrombolysis (78% vs. 91%). This is partly
explained by the fact that in the latter group patients were older. We did
not evaluate if the retirement was due to stroke. The study patients post-
stroke mRS was 0-2 in 70% of cases and only 22% of thrombolysis
treated patients were still working after seven years follow-up. Only 1%
post-stroke working rate was reported by Muhr et al.'? after five years
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follow-up. Three months post-stroke former studies reported high a
working rate of 68% in thrombolysis treated patients with mRS score
0-2.10,11

Seven years post-stroke, 137 of the original 204 study patients had
survived, of whom only one denied participating in the follow-up study.
The final sample size in this study was 136, which is higher than in most
former studies'®?%?° although one randomized controlled trial had
higher sample size than ours.'® The participation rate (99%) in our study
was higher than in the other long-term follow-up studies.'*'® One third
of our patients died during seven years follow-up, which is in line with
the previous studies.'?'>°® In this study, the thrombolysis patients’
survival was first slightly better, but after seven years follow-up the
survival curves did not differ significantly between the two groups. The
thrombolysis treatment did not affect post-stroke survival after 18
months follow-up in the randomized controlled trial either, which
showed 37% mortality rates for thrombolysis patients and control
group.15 Lower mortality rate than ours was pointed out in one previous
study with smaller sample size.”’

This study showed that the thrombolysis treatment protected from
being dependent, need of care, need of mobility aid, decreased quality of
life, fatigue, and decreased mobility, self-care and unable to do usual
activities. In line with our study, the IST-3 study reported that throm-
bolysis for acute ischemic stroke patients with intravenous alteplase
improved several measures of function and quality of life 18 months
after treatment.'® This study showed, that the severe the stroke ac-
cording to baseline NIHSS scores, the more reduced were BI, mobility,
self-care, usual activities, the quality of life and increased need of care,
mobility aid and rate of fatigue. In agreement with our study, the pre-
vious studies reported that the initial stroke severity significantly pre-
dicted functional outcomes and quality of life at 3 to 12 months
following thrombolytic treatment.>*>°

After the subacute treatment, starting secundar prevention and
individualized rehabilitation plan, a person from the cerebrovascular
support network contacted all the patients and offered them possibility
to participate in the stroke initial information day. The objective of this
initial information day is among other information to support inde-
pendent self-care and to prevent social isolation, anxiety and depression.
These stroke initial information and the support of the network of ce-
rebrovascular support persons might partly explain the better quality of
life in the area on Northern Osthrobotnia compared with some other
studies.

Our study has several strengths. First, our real life one-center, pro-
spective, observational study had one of the largest sample size of
studies addressing long-term outcome of stroke patients. Second, 99.3%
of study patients alive participated after seven years follow up study
while only one patient denied attending and none was lost to follow-up.
The response rate in other studies has been lower and the drop off higher
than ours.'®*! Third, only few studies have followed thrombolysis
treated stroke patients’ ability to act, quality of life and fatigue over five
years.' %" Fourth, the same investigator interviewed all study patients
and only one patient posted the questionnaire.

However, our study has limitations. Unfortunately we did not eval-
uate our patients’ EQ-5D, FSS-9 and BI in the acute phase of ischemic
stroke, and therefore we were not able to evaluate the change in pre- and
post-stroke quality of life, BI and fatigue. The data did not provide in-
formation on whether a patient's retirement was due to stroke, disability
or age. Our results may represent only situation in Finland.

Conclusions

Our main finding was that thrombolysis treatment seems to protect
from reduced quality of life despite more severe stroke. The functional
ability was better than expected after the thrombolysis treatment
compared to the others with less severe stroke. There were less patients
suffering pain or discomfort in our study group than in the previous
studies. In the District of the Northern Ostrobothnia there is a health
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care provider system with a network of cerebrovascular support persons.
That might partly explain the better quality of life in our study than in
some other studies. In the future we suggest utilizing the questionnaires
of quality of life and use them to improve the quality of life of the stroke
patients.

Grant support

This study was supported by The Research Foundation for Respira-
tory Diseases.

CRediT authorship contribution statement

Jaana K. Huhtakangas: Writing — review & editing, Writing —
original draft, Visualization, Resources, Project administration, Meth-
odology, Investigation, Conceptualization, Data curation, Formal anal-
ysis, Funding acquisition. Tarja Saaresranta: Conceptualization, Data
curation, Investigation, Methodology, Supervision, Writing — review &
editing. Moona Huhtakangas: Data curation, Formal analysis, Visual-
ization, Writing — review & editing. Marianne Haapea: Formal analysis,
Writing — review & editing. Juha Huhtakangas: Project administration,
Methodology, Investigation, Funding acquisition, Formal analysis, Data
curation, Conceptualization, Resources, Supervision, Visualization,
Writing — original draft, Writing — review & editing.

Declaration of competing interest

None.

Disclosures

None.

Acknowledgments

We thank the study participants for their collaboration. This study
was supported by The Research Foundation for Respiratory Diseases.

References

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman M, et al. Heart
disease and stroke statistics-2015 update: a report from the American Heart
Association. Circulation. 2015;131(4):e29-322.

2. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, et al. Heart disease
and stroke statistics-2017 update: a report from the American heart association.
Circulation. 2017;135(10):e146-e603.

3. World Health Organization. The top 10 causes of death [Internet]. 2020 [cited 2023
Dec 8]. Available from: https://www.who.int/news-room/fact-sheets/detail /th
e-top-10-causes-of-death.

4. Meretoja A, Roine RO, Kaste M, Linna M, Juntunen M, Erila T, et al. Stroke
monitoring on a national level: PERFECT stroke, a comprehensive, registry-linkage
stroke database in Finland. Stroke. 2010;41(10):2239-2246.

5. Hacke W, Kaste M, Fieschi C, Toni D, Lesaffre E, R von K, et al. Intravenous
thrombolysis with recombinant tissue plasminogen activator for acute hemispheric
stroke. The European cooperative acute stroke study (ECASS). JAMA. 1995;274(13):
1017-1025.

6. Hacke W, Kaste M, Fieschi C, R von K, Davalos A, Meier D, et al. Randomised double-
blind placebo-controlled trial of thrombolytic therapy with intravenous alteplase in
acute ischaemic stroke (ECASS II). Second European-Australasian acute stroke study
investigators. Lancet. 1998;352(9136):1245-1251.

7. Hacke W, Kaste M, Bluhmki E, Brozman M, Davalos A, Guidetti D, et al.
Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl J Med.
2008;359(13):1317-1329.

8. Clark WM, Wissman S, Albers GW, Jhamandas JH, Madden KP, Hamilton S.
Recombinant tissue-type plasminogen activator (Alteplase) for ischemic stroke 3 to
5 hours after symptom onset. The ATLANTIS Study: a randomized controlled trial.
Alteplase thrombolysis for acute noninterventional therapy in ischemic stroke.
JAMA. 1999;282(21):2019-2026.

9. Tissue plasminogen activator for acute ischemic stroke. N Engl J Med. 1995;333(24):
1581-1587.

10. Magalhaes R, Abreu P, Correia M, Whiteley W, Silva MC, Sandercock P. Functional
status three months after the first ischemic stroke is associated with long-term
outcome: data from a community-based cohort. Cerebrovasc Dis. 2014;38(1):46-54.


http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0001
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0001
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0001
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0002
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0002
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0002
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0004
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0004
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0004
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0005
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0005
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0005
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0005
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0006
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0006
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0006
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0006
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0007
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0007
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0007
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0008
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0008
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0008
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0008
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0008
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0009
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0009
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0010
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0010
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0010

J.K.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Huhtakangas et al.

Ovbiagele B, Saver JL. Day-90 acute ischemic stroke outcomes can be derived from
early functional activity level. Cerebrovasc Dis. 2010;29(1):50-56.

Miihr O, Persson HC, Sunnerhagen KS. Long-term outcome after reperfusion-treated
stroke. J Rehabil Med. 2017;49(4):316-321.

Hahn M, Groschel S, Hayani E, Brockmann MA, Muthuraman M, Groschel K, et al.
Sex disparities in re-employment in stroke patients with large vessel occlusion
undergoing mechanical thrombectomy. Stroke. 2022;53(8):2528-2537.

Do Rego AM, Duloquin G, Sauvant M, Amaral S, Thomas Q, Devilliers H, et al.
Quality of life in the first year after ischemic stroke treated with acute
revascularization therapy. J Clin Med. 2022;11(11):3240.

Sandercock P. Effect of thrombolysis with alteplase within 6 h of acute ischaemic
stroke on long-term outcomes (the third International Stroke Trial [IST-3]): 18-
month follow-up of a randomised controlled trial. Lancet Neurol. 2013;12(8):
768-776.

Szocs 1, Dobi B, Lam J, Orban-Kis K, Hakkinen U, Belicza E, et al. Health related
quality of life and satisfaction with care of stroke patients in Budapest: A substudy of
the EuroHOPE project. PLoS One. 2020;15(10), e0241059.

Liman TG, Heuschmann PU, Endres M, Floel A, Schwab S, Kolominsky-Rabas PL.
Impact of low mini-mental status on health outcome up to 5 years after stroke: the
Erlangen stroke project. J Neurol. 2012;259(6):1125-1130.

Van Mierlo ML, Van Heugten CM, Post MWM, Hajés TRS, Kappelle LJ, Visser-
Meily JMA. Quality of life during the first two years post stroke: the restore4stroke
cohort study. Cerebrovasc DIS. 2016;41(1-2):19-26.

Van De Port IGL, Kwakkel G, Van Wijk I, Lindeman E. Susceptibility to deterioration
of mobility long-term after stroke: A prospective cohort study. Stroke. 2006;37(1):
167-171.

Grabowska-Fudala B, Jaracz K, Gorna K, Jaracz J, Kazmierski R. Clinical recovery
and health-related quality of life in ischaemic stroke survivors receiving
thrombolytic treatment: a 1-year follow-up study. J Thromb Thrombolysis. 2017;43
(1):91-97.

Ayerbe L, Ayis S, Wolfe CDA, Rudd AG. Natural History, Predictors and Outcomes of
Depression After Stroke: Systematic Review and Meta-Analysis. BRJ Psychiatry; 2013:
14-21. Vol. 202.

Sagen U, Finset A, Moum T, Mgrland T, Vik TG, Nagy T, et al. Early detection of
patients at risk for anxiety, depression and apathy after stroke. Gen Hosp Psychiatry.
2010;32(1):80-85.

Morris PLP, Robinson RG, Samuels J. Depression, introversion and mortality
following stroke. Aust NZL Psychiatry. 1993;27(3):443-449.

Morris PLP, Robinson RG, Andrzejewski P, Samuels J, Price TR. Association of
depression with 10-year poststroke mortality. Am J Psychiatr. 1993;150(1):124-129.
Acciarresi M, Bogousslavsky J, Paciaroni M. Post-Stroke Fatigue: Epidemiology,
Clinical Characteristics and Treatment. 72. Eur Neurol; 2014:255-261.

Alghamdi I, Ariti C, Williams A, Wood E, Hewitt J. Prevalence of Fatigue After Stroke:
A Systematic Review and Meta-Analysis. 6. Eur Stroke J; 2021:319-332.

Staub F, Bogousslavsky J. Post-stroke depression or fatigue? Eur Neurol. 2001;45:
3-5.

Staub F, Bogousslavsky J. Fatigue after stroke: a major but neglected issue.
Cerebrovasc Dis. 2001;12:75-81.

Graber M, Garnier L, Duloquin G, Mohr S, Guillemin S, Ramaget O, et al. Association
between fatigue and cognitive impairment at 6 months in patients with ischemic
stroke treated with acute revascularization therapy. Front Neurol. 2019;10:931.
van Swieten JC, Koudstaal PJ, Visser MC, Schouten HJ, van Gijn J. Interobserver
agreement for the assessment of handicap in stroke patients. Stroke. 1988;19(5):
604-607. May.

Mahoney FI, Barthel DW. Functional evaluation: the Barthel index A simple index of
independence useful in scoring improvement in the rehabilitation of the chronically
ill. Md State Med J. 1965;14:61-65.

Teasdale G, Jennett B. Assessment and prognosis of coma after head injury. Acta
Neurochir. 1976;34(1-4):45-55 (Wien).

Goldstein LB, Bertels C, Davis JN. Interrater reliability of the NIH stroke scale. Arch
Neurol. 1989;46(6):660-662. Jun.

Hsueh IP, Lee MM, Hsieh CL. Psychometric characteristics of the barthel activities of
daily living index in stroke patients. J Formos Med Assoc. 2001;100(8):526-532.
Dorman PJ, Waddell F, Slattery J, Dennis M, Sandercock P. Is the EuroQol a valid
measure of health-related quality of life after stroke? Stroke. 1997;28(10):
1876-1882.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Journal of Stroke and Cerebrovascular Diseases 33 (2024) 107707

Quinn TJ, Dawson J, Walters MR, Lees KR. Functional outcome measures in
contemporary stroke trials. Int J Stroke. 2009;4:200-2005.

Krupp LB, Larocca NG, Muir Nash J, Steinberg AD. The fatigue severity scale:
application to patients with multiple sclerosis and systemic lupus erythematosus.
Arch Neurol. 1989;46(10):1121-1123.

Whitehead L. The measurement of fatigue in chronic illness: a systematic review of
unidimensional and multidimensional fatigue measures. J Pain Symptom Manage.
2009;37:107-128.

Johns MW. A new method for measuring daytime sleepiness: the Epworth sleepiness
scale. Sleep. 1991;14(6):540-545.

Morin CM, Belleville G, Bélanger L, Ivers H. The insomnia severity index:
psychometric indicators to detect insomnia cases and evaluate treatment response.
Sleep. 2011;34(5):601-608.

Cortez MM, Wilder MJ, McFadden M, Majersik JJ. Quality of life after intra-arterial
therapy for acute ischemic stroke. J Stroke Cerebrovasc Dis. 2014;23(7):1890-1896.
de Weerd L, Luijckx GJR, Groenier KH, van der Meer K. Quality of life of elderly
ischaemic stroke patients one year after thrombolytic therapy. A comparison
between patients with and without thrombolytic therapy. BMC Neurol. 2012;12:61.
Schwab-Malek S, Vatankhah B, Bogdahn U, Horn M, Audebert HJ. Depressive
symptoms and quality of life after thrombolysis in stroke: the TEMPIS study.

J Neurol. 2010;257(11):1848-1854.

Kainz A, Meisinger C, Linseisen J, Kirchberger I, Zickler P, Naumann M, et al.
Changes of health-related quality of life within the 1st year after stroke-results from
a prospective stroke cohort study. Front Neurol. 2021;12, 715313.

Nguyen VQC, Prvubettger J, Guerrier T, Hirsch MA, Thomas JG, Pugh TM, et al.
Factors associated with discharge to home versus discharge to institutional care after
inpatient stroke rehabilitation. Arch Phys Med Rehabil. 2015;96(7):1297-1303.
Chen YK, Lu JY, Mok VCT, Ungvari GS, Chu WCW, Wong KS, et al. Clinical and
radiologic correlates of insomnia symptoms in ischemic stroke patients. Int J Geriatr
Psychiatry. 2011;26(5):451-457.

Leppéavuori A, Pohjasvaara T, Vataja R, Kaste M, Erkinjuntti T. Insomnia in ischemic
stroke patients. Cerebrovasc Dis. 2002;14(2):90-97.

Ayerbe L, Ayis S, Rudd AG, Heuschmann PU, Wolfe CDA. Natural history, predictors,
and associations of depression 5 years after stroke: The South London stroke
register. Stroke. 2011;42(7):1907-1911.

Kamalakannan S, Gudlavalleti Venkata M, Prost A, Natarajan S, Pant H, Chitalurri N,
et al. Rehabilitation needs of stroke survivors after discharge from hospital in India.
Arch Phys Med Rehabil. 2016;97(9):1526-1532.

Glader EL, Stegmayr B, Asplund K. Poststroke fatigue. Stroke. 2002;33(5):
1327-1333. May.

Snaphaan L, van der Werf S, de Leeuw FE. Time course and risk factors of post-stroke
fatigue: a prospective cohort study. Eur J Neurol. 2011;18(4):611-617.

Radman N, Staub F, Aboulafia-Brakha T, Berney A, Bogousslavsky J, Annoni JM.
Poststroke fatigue following minor infarcts A prospective study. Neurology. 2012;79
(14):1422-1427.

Gu M, Xiao L, Wang J, Cai Q, Liu Y, Xu P, et al. Obesity and poststroke fatigue: a 2-
year longitudinal study. Neurol Ther. 2021;10(2):955-969.

van der Werf SP, van den Broek HLP, Anten HWM, Bleijenberg G. Experience of
severe fatigue long after stroke and its relation to depressive symptoms and disease
characteristics. Eur Neurol. 2001;45(1):28-33.

Schepers VP, Visser-Meily AM, Ketelaar M, Lindeman E. Poststroke fatigue: course
and its relation to personal and stroke-related factors. Arch Phys Med Rehabil. 2006;
87(2):184-188.

Carlsson GE, Forsberg-Warleby G, Moller A, Blomstrand C. Comparison of life
satisfaction within couples one year after a partner’s stroke. J Rehabil Med. 2007;39
(3):219-224.

Carlsson GE, Moller A, Blomstrand C. Consequences of mild stroke in persons <75
years - A 1-year follow-up. Cerebrovascular Diseases. 2003;16(4):383-388.
Wollenweber FA, Tiedt S, Alegiani A, Alber B, Bangard C, Berrouschot J, et al.
Functional outcome following stroke thrombectomy in clinical practice. Stroke.
2019;50(9):2500-2506.

Kwiatkowski TG, Libman RB, Frankel M, Tilley BC, Morgenstern LB, Lu M, et al.
Effects of tissue plasminogen activator for acute ischemic stroke at one year. N Engl J
Med. 1999;340(23):1781-1787.

Shulman LM, Velozo C, Romero S, Gruber-Baldini AL. Comparative study of PROMIS
self-efficacy for managing chronic conditions across chronic neurologic disorders.
Qual Life Res. 2019;28(7):1893-1901.


http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0011
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0011
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0012
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0012
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0013
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0013
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0013
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0014
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0014
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0014
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0015
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0015
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0015
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0015
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0016
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0016
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0016
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0017
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0017
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0017
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0018
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0018
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0018
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0019
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0019
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0019
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0020
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0020
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0020
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0020
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0021
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0021
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0021
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0022
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0022
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0022
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0023
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0023
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0024
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0024
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0025
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0025
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0026
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0026
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0027
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0027
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0028
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0028
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0029
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0029
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0029
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0030
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0030
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0030
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0031
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0031
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0031
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0032
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0032
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0033
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0033
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0034
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0034
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0035
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0035
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0035
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0036
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0036
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0037
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0037
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0037
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0038
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0038
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0038
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0039
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0039
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0040
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0040
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0040
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0041
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0041
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0042
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0042
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0042
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0043
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0043
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0043
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0044
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0044
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0044
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0045
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0045
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0045
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0046
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0046
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0046
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0047
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0047
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0048
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0048
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0048
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0049
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0049
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0049
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0050
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0050
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0051
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0051
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0052
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0052
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0052
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0053
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0053
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0054
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0054
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0054
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0055
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0055
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0055
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0056
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0056
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0056
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0057
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0057
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0058
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0058
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0058
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0059
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0059
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0059
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0060
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0060
http://refhub.elsevier.com/S1052-3057(24)00152-6/sbref0060

	Thrombolysis treatment protected impairment of functional ability, quality of life and fatigue seven years after stroke
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Grant support

	CRediT authorship contribution statement
	Declaration of competing interest
	Disclosures
	Acknowledgments
	References


