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Abstract: (1) Background: we aimed to describe the disease-specific quality of life (QoL) of ischemic
stroke patients treated with acute revascularization therapy, its evolution from 6 months to 12 months,
and associated factors. (2) Methods: QoL was assessed with the SS-QoL in consecutive patients
treated with either intravenous thrombolysis (IVT) and/or mechanical thrombectomy (MT). Variables
associated with QoL scores and its evolution were studied using multivariate mixed models, and
interaction with time. Analyses were performed in four domains of SS-QoL: self-care, mobility, mood,
and social roles. (3) Results: Among the 501 included patients (mean (sd) age 68.9 (14.5), 49% women),
lower post-stroke QoL was independently related to lower level of school education, prestroke
mRS > 2, and 24 h NIHSS score > 4. Independent predictors of unfavorable evolution of QoL over
time were age <75 years (Mobility p = 0.0194 and Mood p = 0.0015), NIHSS score ≤ 4, (Self-care
p = 0.0053 and Mood p = 0.0048), and modified Rankin Scale score ≤ 2 (Social roles, p = 0.0006).
Revascularization therapy had no significant effect on the QoL scores, but patients treated with MT
(alone or as bridging therapy) had significantly greater improvement in mobility score between 6 and
12 months than patients treated with IVT alone (p = 0.0072). (4) Conclusion: QoL evolution over one
year had only slight variation and was associated with the modalities of acute treatment, age, and
stroke severity.

Keywords: acute ischemic stroke; patient reported outcomes; quality of life; revascularization therapy;
thrombolysis; mechanical thrombectomy

1. Introduction

More than 110,000 new cases of stroke are reported each year in France, and the
absolute number is on the rise due to the aging population [1]. While prevention remains
a major challenge, considerable progress was made in acute stroke treatment over the
past years, namely revascularization therapy including either intravenous thrombolysis
(IVT) and/or mechanical thrombectomy (MT). This contributed to a better post-stroke
outcome of patients with a decrease in case-fatality and a higher number of stroke survivors,
thus involving significant impact on healthcare system resources [2,3]. Despite these
improvements, stroke remains a disabling disease. The quality of life (QoL) of patients in
the post-acute phase of ischemic stroke is still very much affected, and its evolution over
time has been shown to depend on many factors such as the area of the brain affected [4], the
delay in treatment administration, and the functional outcome of patients [5,6]. Although
the effectiveness of therapeutic strategies in acute ischemic stroke in reducing motor
disability has been widely demonstrated by randomized clinical trials [7,8], their impact on
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patients’ QoL remains poorly evaluated. Few studies addressed this issue, most of them
being limited to an evaluation of patients after a short period of three months following
stroke [4–6,9], and there is very little data on QoL after six months among patients treated
by IVT, MT or combined treatment [10–12]. The use of a disease-specific questionnaire
may allow investigating specific concerns of stroke patients with a better sensitivity to
change than generic questionnaires. The Stroke-Specific Quality-of-Life (SS-QoL) scale
is a specific instrument that assesses the QoL of stroke patients. An adaptation and
validation of the initial version was proposed by a study carried out by our team [13]. This
instrument showed satisfactory psychometric properties in terms of validity, reliability,
and responsiveness [11,13]. It was designed to be self-administered or even administered
by telephone [14] with a good reliability except in aphasic patients. It differs from other
instruments (e.g., Stroke Impact Scale [SIS]) by its shorter administration time [15] and after
several evaluations is recognized as one of the most comprehensive measures of quality
of life after stroke [11]. For patients and clinicians, knowledge of the determinants of the
QoL in stroke survivors who received revascularization therapy would help to predict the
evolution of the impact of the disease on patients’ lives.

The aim of our study was to describe variables associated with disease-specific SS-QoL
scores and its evolution between 6 and 12 months in stroke patients treated with IVT
and/or MT.

2. Materials and Methods
2.1. Patients and Design

The Prognosis After Revascularization therapy in the Dijon Ischemic Stroke Evaluation
(PARADISE) Study was a single-center prospective observational cohort study conducted
from January 2016 to June 2019 at Dijon University Hospital (NCT02856074). Consecutive
patients aged 18 years or older were included if they had acute ischemic stroke treated with
revascularization therapy (either IVT and/or MT). Patients received information about the
study and gave their oral consent to participate according to the French legislation. The
study was approved by a French ethic committee (CCP Est I, IRB number: 2015-A01664-45).

2.2. Data Collection and Patients’ Follow-Up

At inclusion, several data were collected including sociodemographic characteristics
(sex, age, occupation, marital status), medical history including vascular risk factors, and
prestroke treatments. Premorbid handicap was assessed using the modified Rankin scale
(mRS) score. Stroke severity was quantified at admission and at 24 h by the National
Institutes of Health Stroke Scale (NIHSS) score. Patients were followed by a phone contact
at 3 months, a face-to-face visit with a stroke-trained neurologist at 6 months and a last
phone contact at 12 months. During each visit the functional status of patients was assessed
by the mRS score. Patients’ QoL after stroke was evaluated at 6 months and 12 months
with the French version of the SS-QoL, a 49-item scale in 12 domains, namely Self-care,
Fatigue, Mobility, Mood, Social Role, Family Role, Language, Character, Productivity/Work,
Memory/Concentration, Vision, and Upper Extremity Function. This scale had been
cross-culturally validated into the French language [13]. The score in each domain was
transformed into a score from 0 (worst QoL) to 100 (best possible QoL). Patients with severe
aphasia or dementia, who were not able to complete the questionnaire, were not assessed.
For the present study, we analyzed data from subjects enrolled in the PARADISE study for
whom the SS-QOL score was recorded at 6 months and/or 12 months.

2.3. Statistical Analyses

Categorical variables were described as frequencies and percentages, quantitative
variables as means ± standard deviation. We compared the characteristics of patients
with SS-QoL score data available at 6 or 12 months to those of patients who did not
complete the questionnaire using Fisher exact test, Chi-2, or a Mann-Whitney test, when
appropriate. The QoL scores were described as well as their respective evolution between
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6 months and 12 months. The relationships between each independent variable and QoL
scores were studied in a linear random-effects model (mixed model) that allowed repeated
measurements to be taken into account, even in the case of missing data at either of the
two measurement periods. QoL score in a given domain was modelled as the dependent
variable. Thanks to this approach, we modelled the effect of each independent variable, as
well as the effect of time (6 or 12 months), and of the time * variable interaction. Briefly,
random-effects model allows one to take into account the correlation between 6- and 12-
month measurements for a given patient. A significant time effect indicated a change in
the quality-of-life score between 6 and 12 months, a significant variable effect indicated
an overall difference in QoL between the two groups, and a significant time * variable
interaction an increase (or a decrease) in the QoL difference between the two groups
between 6 and 12 months. Independent variables with a significant effect on QoL in the
previous analysis were proposed for entry into a multivariate mixed model with a manual
backward selection procedure and a variable exit threshold set at 0.10. The final model fit
was checked according to Akaike Information Criterion (AIC) and Bayesian Information
Criterion (BIC). These analyses were performed separately for 4 domains of the SS-QoL:
Self-care, Mobility, Mood, and Social Roles. For patients for whom QoL data were missing
at only one of the two time points (6 or 12 months), the available data were included in
the analysis. A sensitivity analysis was performed on the complete data. Statistics were
performed using SAS® 9.3 software (Cary, NC, USA).

3. Results
3.1. Patients’ Characteristics

Between January 2016 and June 2019, 900 patients were included in the PARADISE
study. SS-QoL data were missing for 399 (44%) patients, 199 of whom died before 6 months.
Among the 501 patients included in the present analysis, SS-QoL data were available at
both time points (6 and 12 months) for 281 (56%) patients, only at 6 months for 131 patients
(26%) patients, and solely at 12 months for 89 patients (18%) (Figure 1).

Patients who completed the SS-QoL questionnaire were significantly younger (mean
age ± SD: 68.9 ± 14.5 vs. 76.7 ± 13.2 years, p < 0.001), less often institutionalized before
stroke (5% vs. 11%, p < 0.001), and treated significantly more often with IVT alone (55% vs.
39%, p < 0.001) compared to patients who did not (Table 1). The included participants had
a lower NIHSS score at 24 h (mean (SD): 5.5 ± 5.4 vs. 13 (8.5), p < 0.0001). Among the 501
analyzed patients, 247 (49%) were women, 270 (55%) received IVT only, 121 (24%) MT only,
and 104 (21%) combined therapy. The median (IQR) age was 70 (60–80).

Table 1. Baseline characteristics of patients enrolled in the PARADISE study according to their
inclusion in the QoL analysis.

Overall *
(n = 900)

Excluded *,1

(n = 399)
Included *
(n = 501) p-Value 2

Socio-demographic characteristics
Female 449 (50%) 202 (51%) 247 (49%) 0.49

Age 75 (64, 83) 79 (70, 87) 70 (60, 80) <0.001
Age ≥ 75 years old 457 (51%) 252 (63%) 205 (41%) <0.001

Lifestyle
Institution 49 (6%) 44 (11%) 5 (1%) <0.001

individual housing 840 (94%) 347 (89%) 493 (99%)
School level

Higher than High school diploma 163 (26%) 40 (20%) 123 (29%) 0.016
Employement status

Unemployed 88 (11%) 31 (10%) 57 (12%) <0.001
Employed 131 (17%) 27 (9%) 104 (22%)

Retired 563 (72%) 249 (81%) 314 (66%)



J. Clin. Med. 2022, 11, 3240 4 of 16

Table 1. Cont.

Overall *
(n = 900)

Excluded *,1

(n = 399)
Included *
(n = 501) p-Value 2

Medical History
18.5 ≤ BMI ≤ 25 273 (30%) 95 (24%) 178 (36%) <0.001

BMI > 25 386 (43%) 137 (34%) 249 (50%)
BMI < 18.5 241 (27%) 167 (42%) 74 (15%)

Hypertension 560 (63%) 275 (71%) 285 (58%) <0.001
Diabetes 136 (15%) 81 (21%) 55 (11%) <0.001

Hypercholesterolemia 298 (34%) 129 (34%) 169 (34%) 0.74
Active smoker 157 (18%) 50 (13%) 107 (22%) <0.001

Coronary artery disease 117 (13%) 62 (16%) 55 (11%) 0.043
OSA 78 (9%) 44 (11%) 34 (7%) 0.005
PAD 36 (4%) 26 (7%) 10 (2%) 0.002
AF 319 (36%) 191 (49%) 128 (26%) <0.001

Cancer 135 (15%) 66 (17%) 69 (14%) 0.13
CKD 49 (6%) 31 (8%) 18 (4%) 0.010

Previous Stroke 113 (13%) 62 (16%) 51 (11%) 0.028
Stroke location 0.36

Anterior circulation 725 (85%) 326 (86%) 399 (84%)
Posterior circulation 128 (15%) 52 (14%) 76 (16%)

Acute stroke treatment <0.001
IVT 425 (48%) 155 (39%) 270 (55%)

Mixed 176 (20%) 72 (18%) 104 (21%)
MT 292 (33%) 171 (43%) 121 (24%)

Glasgow score <0.001
15 662 (74%) 269 (68%) 393 (78%)

[9–14] 89 (10%) 55 (14%) 34 (7%)
<9 147 (16%) 73 (18%) 74 (15%)

Handicap scores and stroke severity
Pre-stroke mRS 0 (0, 1) 0 (0, 3) 0 (0, 0) <0.001

NIHSS at admission 11 (6, 18) 16 (9, 20) 9 (5, 15) <0.0001
NIHSS at 24 h 6 (2, 14) 13 (6, 20) 4 (1, 8) <0.001

1 Patients were excluded of the present study due to missing data for quality of life measure at both time points (6
and 12 month post stroke). 2 Comparison between included and excluded subjects using chi-square (qualitative
variables) or Mann-Whitney test (quantitative variables). * Median (IQR) or number (percentage). IQR, inter
quartile range; OSA, obstructive sleep apnea; PAD, peripheral artery disease; AF, atrial fibrillation, CKD, chronic
kidney disease.

3.2. Description and Time Evolution of SS-QoL Scores

In the studied domains of QoL, on a scale ranging between 0 and 100 (100 being the
best QoL), median scores ranged between 80 to 100 at 6 months and between 90 and 100
at 12 months (Table 2). The best scores were observed in the Self-care domain (median
at 6 and 12 months: 100) and the worst in the social roles domain (median at 6 and 12
months at 80 and 90, respectively). There was a trend toward improvement in QoL scores
between 6 and 12 months for the self-care, mobility, and social roles domains (mean (SD)
improvement +1.8 (13.6), +1.9 (17.7), and +3.8 (28.7), respectively), and a small decrease in
the mean score for the mood domain of −0.26 (21.0).

Table 2. SS-QoL quality of life scores at 6 and 12 months.

6 Month 12 Month Evolution
from 6 to 12 Months

n Median (IQR) n Median (IQR) Mean ±Std

Self-care 408 100 (80, 100) 368 100 (95, 100) +1.83 ±13.6
Mobility 407 87 (54, 100) 367 92 (63, 100) +1.87 ±17.7

Mood 403 90 (70, 100) 368 95 (70, 100) −0.26 ±21
Social role 403 80 (31, 100) 367 90 (50, 100) +3.80 ±28.7

The score in each domain was transformed into a score from 0 (worst QoL) to 100 (best possible QoL). IQR,
interquartile range; std, standard deviation.
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Figure 1. Participant selection flowchart.

3.3. Time-Adjusted Bivariate Analysis

There was significant improvement in QoL scores from 6 to 12 months in all 4 domains
studied in all models (Table 3). Female sex, age > 75 years, school level less than high
school diploma, hypertension, renal failure, and pre-stroke mRS score > 2 were significantly
associated with lower scores in all explored domains except mood (p < 0.05 in self-care,
mobility, and social roles domains). Atrial fibrillation was associated with a lower QoL in
the self-care (p = 0.0017) and mobility (p = 0.0024) domains. Underweight and obstructive
sleep apnea (OSA) syndrome were associated with lower scores for self-care (p = 0.0247 and
p = 0.0312, respectively). Patients who received combined treatment (IVT + MT), and those
with a higher NIHSS score at 24 h (between 5 and 20) had a significantly lower QoL in the
mood domain than those who received IVT alone, or those with a 24-h NIHSS score ≤ 4
(p = 0.001 and p < 0.0001, respectively).

The observed difference in self-care scores narrowed significantly over time between
groups defined by a NIHSS score at 24 h ≤ 4 vs. 5–15, and age over versus below 75 years
(interaction p < 0.0001 and 0.0189, respectively, Figure 2).

For mobility scores, the observed difference was significantly reduced over time
between groups defined by age ≥ 75 or <75 years, by treatment with IVT alone versus
combined therapy (interaction p 0.0464 and 0.0484, respectively, Figure 3).

Regarding mood, the observed difference in scores narrowed significantly over time
between groups defined by age ≥ 75 vs. <75 years, by NIHSS score at 24 h ≤ 4 vs. >20
(interaction p 0.0026 and 0.0053, respectively, Figure 4).
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Table 3. Bivariate association between initial patient characteristics and SS-QoL outcome adjusted on time.

Self-Care Mobility Mood Social Roles

Estimate 1 p-Value 2 Time
Interaction 3 Estimate1 p-Value 2 Time

Interaction 3 Estimate 1 p-Value 2 Time
Interaction 3 Estimate 1 p-Value 2 Time

Interaction 3

Sex Male 87.00 - 78.90 - 80.97 - 69.51 -
Female 80.27 0.0112 NS 66.42 <0.0001 NS 79.59 0.5758 NS 61.00 0.0196 NS

Age
< 75 yrs 89.45 - 80.65 - 82.09 - 70.34 -
≥75yrs 75.46 <0.0001 0.0189 61.32 <0.0001 0.0464 77.57 0.071 0.0026 58.42 0.0007 NS

School level
< High school 82.71 - 71.61 - 80.96 - 64.95 -

≥High school 92.74 0.0006 NS 83.09 0.0006 NS 83.83 0.2978 NS 73.69 0.0341 NS
BMI 18.5 ≤ BMI ≤ 25 85.84 - 74.49 - 81.38 - 63.53 -

BMI > 25 84.20 0.5679 NS 73.40 0.7343 NS 81.20 0.9452 NS 67.99 0.2540 NS
BMI < 18.5 76.50 0.0247 NS 65.42 0.0524 NS 73.85 0.0572 NS 60.83 0.6414 NS

Hypertension
No 88.65 - 79.39 - 81.18 - 72.10 -
Yes 80.21 0.0016 NS 67.98 0.0001 NS 79.26 0.4459 NS 60.23 0.0011 NS

Diabetes
No 83.87 - 73.54 79.84 - 66.92 -
Yes 81.08 0.512 NS 66.38 0.1271 NS 80.03 0.9621 NS 56.73 0.0735 NS

CAD
No 84.32 - 73.35 - 80.28 - 66.16 -
Yes 79.04 0.2056 NS 68.36 0.2850 NS 80.18 0.9793 NS 59.45 0.2327 NS

OSA
No 84.49 - 73.45 - 80.84 - 66.32 -
Yes 73.54 0.0357 0.0229 62.76 0.0702 NS 72.77 0.1027 NS 57.06 0.1901 NS
AF
No 86.16 - 75.02 - 81.04 - 65.85 -
Yes 76.67 0.0017 NS 64.74 0.0024 NS 77.65 0.2332 NS 64.09 0.6675 NS

Previous Stroke
No 84.68 - 73.38 - 80.50 - 67.01 -
Yes 75.08 0.0286 NS 65.25 0.0951 NS 76.41 0.3215 NS 55.20 0.0434 NS

PAD
No 83.52 - 72.57 - 79.57 - 65.76 -
Yes 82.39 0.9077 NS 49.97 0.0372 NS 85.43 0.5304 NS 49.20 0.2154 NS

CKD
No 84.11 - 73.22 - 80.41 - 66.51 -
Yes 68.70 0.0312 NS 52.45 0.0091 NS 71.45 0.1827 NS 34.35 0.0009 NS
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Table 3. Cont.

Self-Care Mobility Mood Social Roles

Estimate 1 p-Value 2 Time
Interaction 3 Estimate1 p-Value 2 Time

Interaction 3 Estimate 1 p-Value 2 Time
Interaction 3 Estimate 1 p-Value 2 Time

Interaction 3

Cancer
No 83.26 - 72.98 - 80.42 - 65.92 -
Yes 85.29 0.5959 NS 69.90 0.4702 NS 78.05 0.5060 NS 61.07 0.3483 NS

Acute treatment
IVT 87.13 - 77.40 - 83.34 - 71.27 -

Combined 84.20 0.3847 NS 71.73 0.130 0.0484 80.77 0.4132 NS 63.34 0.0749 NS
MT 76.17 0.0007 NS 62.95 <0.0001 NS 73.41 0.0011 NS 53.01 <0.0001 0.0095

Pre-stroke mRS
[0–2] 85.50 - 75.15 - 80.33 - 68.21 -

[3–5] 62.41 <0.0001 NS 44.46 <0.0001 NS 81.12 0.8741 NS 28.28 <.0001 0.0016
NIHSS at 24h

[0–4] 94.57 - 80.23 - 84.63 - 74.40 -

[5–15] 76.99 <0.0001 0.0002 68.60 0.0001 NS 73.15 <0.0001 NS 57.70 <0.0001 NS
[16–20] 43.68 <0.0001 NS 46.40 <0.0001 NS 69.55 0.0086 NS 27.75 <0.0001 NS
[>20] 36.20 <0.0001 NS 30.87 <0.0001 NS 93.26 0.289 0.0053 56.18 0.1157 NS

1 Quality of life in the presented category of the variable, as estimated by mixed model taking into account M6 and M12 measure, adjusted on time effect (M6 or M12) and on time *
variable interaction. 2 A significant effect for the considered variables indicates a significant difference in QoL scores across levels of the variable, taking into account M6 and M12
measures. A dash indicates the reference category. 3 A significant time * variable interaction an increase (or a decrease) in the QoL difference between the two levels of the variables
between 6 and 12 months. BMI, body mass index; CAD, coronary artery disease; OSA, obstructive sleep apnea; AF, atrial fibrillation; CKD, chronic kidney diseases; PAD, peripheral
arterial disease.
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Figure 2. Mean self-care score at 6 months and 12 months according to patients’ characteristics.

The observed difference in social roles scores narrowed significantly over time between
groups defined by treatment with IVT alone vs MT alone, by a prestroke mRS score ≤2 vs.
> 2 (interaction p 0.0095 and 0.0016, respectively, Figure 5).

3.4. Multivariate Analysis

In multivariate models, there was no significant effect of time on QoL scores outside
of the social roles domain. Factors associated with QoL in stroke survivors in the final
multivariate model are described in Tables 4 and 5. Factors independently associated with
a lower mobility score were age > 75 years, education level below a high school diploma,
peripheral arterial disease (PAD), prestroke mRS > 2, and 24-h NIHSS score > 4 (p < 0.0001,
0.0399, 0.0221, <0.0001, and <0.0001, respectively).
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Table 4. Multivariate analysis of characteristics associated with the SS-QoL domains self-care and
mobility.

Variable Estimate 1 Standard
Error

p-Value for
Variable Effect 2

p-Value for Time *
Variable Interaction 3

SS-QoL Self-Care
Intercept 4 98.79 1.94 -

Period 12 months
(vs 6 months) −1.15 1.33 0.3879 -

Age ≥75 yrs −9.51 2.33 <0.0001 0.0853
School level ≥High school +4.86 2.15 0.0244 NT

Anterior stroke Yes +4.24 3.21 0.1873 NT
OSA Yes −8.19 4.29 0.0570 0.0337

Pre-stroke mRS [3–5] (vs. [0–2]) −13.39 3.88 0.0006 NT

24 h NIHSS score
(ref [0–4])

[5–15] −14.53 2.37 <0.0001 0.0053
[16–20] −46.77 6.30 <0.0001 NT
[>20] −56.56 7.63 <0.0001 NT

SS-QoL Mobility
Intercept 4 90.00 2.87 <0.0001

Period 12 months
(vs. 6 months) −2.20 1.82 0.2281 -

Sex Female −4.52 2.63 0.0860 NT
Age >75 yrs −13.45 2.99 <0.0001 0.0194

School level ≥High school +5.99 2.90 0.0399 NT
PAD Yes −19.47 8.47 0.0221 NT

Acute treatment
(ref: IVT)

Mixed −6.62 3.61 0.0678 0.0072
MT −7.09 3.76 0.0602 0.0875

Pre-Stroke mRS [3–5] (vs. [0–2]) −20.84 5.20 <0.0001 NT

24 h NIHSS score
(ref [0–4])

[5–15] −6.55 2.84 0.0217 NT
[16–20] −33.69 6.36 <0.0001 NT
[>20] −41.34 8.49 <0.0001 NT
1 Mean QoL score difference between presented category of the variable, and reference category, as estimated by
mixed model, adjusted on the effect of the covariates presented in the table and time * variable interactions, with
a backward procedure for variable selection and a 0.10 threshold for variable exit. 2 A significant effect for the
considered variable indicates an independent significant difference in QoL scores across levels of the variable.
3 A significant time * variable indicates interaction an increase (or a decrease) in the QoL difference between
the two levels of the variables between 6 and 12 months. 4 The estimate for the intercept is the quality of life
score, as estimated by mixed model, for a patient being in the reference category for all covariates included in the
final model. NT, not tested (i.e., not retained by the variable selection procedure); PAD, peripheral artery disease;
IVT, intravenous thrombolysis; MT, mechanical thrombectomy; mRS, modified ranking scale; NIHSS, National
Institutes of Health Stroke Scale Score.

Table 5. Multivariate analysis of characteristics associated with SS-QoL domains mood and social
roles.

Variable Estimate 1 Standard
Error

p-Value for
Variable Effect 2

p-Value for time *
variable Interaction 3

SS-QoL Mood
Intercept 88.07 2.10 <0.0001

Period 12 months
(vs. 6 months) −3.65 1.86 0.0510 -

Age ≥75 yrs −5.14 2.51 0.0416 0.0015
Acute treatment

(ref IVT)
Mixed −2.35 2.81 0.4027 NT

MT −6.02 2.77 0.030 NT

24 h NIHSS score
(ref [0–4])

[5–15] −9.83 2.68 0.0003 NT
[16–20] −9.75 5.93 0.1008 NT
[>20] +11.45 8.17 0.1615 0.0048

SS-QoL Social roles
Intercept 78.67 2.93 <.0001 -
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Table 5. Cont.

Variable Estimate 1 Standard
Error

p-Value for
Variable Effect 2

p-Value for time *
variable Interaction 3

Period 12 months
(vs. 6 months) +3.47 1.71 0.0427 -

Sex Female −5.13 3.02 0.0907 NT
School level ≥High school +5.92 3.36 0.0784 NT

Chronic kidney disease Yes −21.54 8.29 0.0097 NT
Pre- Stroke mRS [3–5] (vs. [0–2]) −37.93 7.33 <0.0001 0.0006

24 h NIHSS score
(ref [0–4])

[5–15] −14.53 3.22 <0.0001 NT
[16–20] −37.73 7.37 <0.0001 NT
[>20] −24.44 10.18 0.0168 NT

1 Mean QoL score difference between presented category of the variable, and reference category, as estimated by
mixed model, adjusted on the effect of the covariates presented in the table and time * variable interactions, with
a backward procedure for variable selection and a 0.10 threshold for variable exit. 2 A significant effect for the
considered variable indicates an independent significant difference in QoL scores across levels of the variable. 3 A
significant time * variable interaction indicates an increase (or a decrease) in the QoL difference between the two
levels of the variables between 6 and 12 months. 4 The estimate for the intercept is the quality of life score, as
estimated by mixed model, for a patient being in the reference category for all covariates included in the final
model. NT, not tested (i.e., not retained by the variable selection procedure); IVT, intravenous thrombolysis; MT,
mechanical thrombectomy; mRS, modified ranking scale; NIHSS, National Institutes of Health Stroke Scale Score.
Changes in mobility score over time type was significantly influenced by age and the type of revascularization
therapy (p for interaction with time: 0.0194, and 0.0072, respectively); patients treated with combined therapy had
a significantly greater improvement between 6 and 12 month compared with those who received IVT alone.

Regarding self-care, the independent associated factors were age over 75 years, school
level less than high school diploma, pre-stroke mRS score > 2, and 24-h NIHSS score > 4
(p < 0.0001, 0.0244, 0.0006, and <0.0001, respectively). The change over time in the self-care
score was modified by OSA and NIHSS at 24 h (p = 0.0337 and 0.0053 respectively).

Concerning the mood score, the independent factors associated were age over 75, type
of treatment MT, and NIHSS score at 24 h between 5 and 15 (p = 0.0416, 0.03 and 0.0003
respectively). A significant interaction with time was noted for age and NIHSS score at
24 h (p = 0.0015 and 0.0048 respectively).

Finally, regarding the social roles domain, the independent factors associated were
chronic kidney disease, pre-stroke mRS score > 2, and 24-h NIHSS score > 4 (p = 0.0097,
<0.0001, and <0.0001, respectively). A significant interaction with time was observed for
the pre-stroke mRS score (p = 0.0006).

Patients aged 75 years or older had a greater improvement in mobility and mood
from 6 to 12 months (p for interaction with time: 0.0194, 0.0015 respectively), compared
to younger subjects. Those with OSA had a greater improvement in self-care between
6 and 12 months (p for interaction with time: 0.033) compared to patients without OSA.
Patients who received combined therapy had a greater improvement in mobility between 6
and 12 months (p for interaction with time: 0.0072), compared to those who received IVT
alone. Moderate to severe pre-stroke disability (mRS > 2) was associated with a greater
improvement in social roles score between 6 and 12 months (p for interaction with time:
0.0006) compared with subjects with a mild or no pre-stroke disability (mRS ≤ 2). Patients
with NIHSS score > 20 had greater improvement in self-care than those with NIHSS scores
between 0 and 4 at 24 h. Patients with NIHSS scores between 5 and 15 at 24 h had greater
improvement in mood between 6 and 12 months (p for interaction with time: 0.0053, 0.0048,
respectively) than those with mild severity (NIHSS 24 h between 0 and 4).
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Figure 3. Mean mobility score at 6 months and 12 months according to patients’ characteristics. PAD,
peripheral artery disease; CKD, chronic kidney disease.
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Figure 4. Mean mood score at 6 months and 12 months according to patients’ characteristics.
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Figure 5. Mean social roles score at 6 months and 12 months according to patients’ characteristics.
CKD, chronic kidney disease.

4. Discussion

To the best of our knowledge, our study is the first to describe the evolution of SS-QoL
scores in the first year after ischemic stroke in patients treated with acute revascularization
therapy. Depending on the domain studied, lower post-stroke QoL was independently
related to lower level of school education, prestroke mRS > 2, and 24 h NIHSS score > 4.
These results support previous data: the social role was the most impacted of the domains
as previously described [16]. Moreover, age over 75 years [17,18], low educational level [19],
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high prestroke mRS (>2) [19–21], and NIHSS score at 24 h > 4 [22–26] have been reported
to be associated with poor quality of life in previous studies.

Remarkably, changes in QoL scores between 6 and 12 months were not significant
in multivariate analysis outside the Social Roles domain. This result is surprising, as the
Social Roles domain has been reported [13] as one of the least sensitive domains to change
in the SS-QoL (SRM for improvement: 0.04). This suggests that change in this domain is
likely important. The lack of significant change in the Self-Care domain despite its good
responsiveness [13] (SRM for improvement: 0.86) supports the hypothesis that patients’
perceptions of their ability to self-manage do not change much in the first year in our
sample. This is likely due to the selection of the most autonomous patients, resulting in a
ceiling effect of responses at the 6-month visit (median score: 100), as the frailest patients
were unable to answer the questionnaires.

However, some variables defined different patterns of change in the QoL scores. The
predictors of unfavorable evolution of QoL over time were age < 75 years (self-care, mobility,
and mood domains), NIHSS score ≤ 4, (self-care and mood domains), and mRS score ≤ 2
(social roles domain). The effect of age may be explained by the better physical condition
and greater autonomy of the younger patients, making it more difficult to return to the
perception of the pre-stroke state. The type of revascularization therapy had no significant
effect on the QoL scores, but patients treated with MT (either alone or as bridging therapy)
had significantly greater improvement in Mobility score between 6 and 12 months than
patients treated with IVT alone. This result could indicate a long-term beneficial effect of
such a therapy on motor function. Most studies focused on the early functional outcome (at
three months or six months) of patients treated with MT [5,9,27–29], and our findings may
indicate an additional long-term benefit of MT over IVT alone. One explanation could be
the fact that stroke patients eligible to MT have more severe stroke, with more frequently
motor impairment, which recovery may take several months.

The results of this study provide insight into the interpretation of quality of life data
in future randomized clinical trials in patients treated with revascularization. First, despite
the demonstrated efficacy of revascularization on vital and functional prognosis, the change
in quality of life scores between 6 and 12 months after adjustment for relevant covariates
is too small to reach significance, let alone clinical relevance, in most domains studied.
The expected benefit in terms of quality of life of revascularization is therefore probably
moderate. On the other hand, our study showed variables with a significant effect on
quality of life and its evolution between 6 and 12 months, such as age, level of education,
PAD, OSA, or mRS score before stroke. Although some associations are difficult to interpret,
these variables would need to be balanced between the randomization groups to allow a
correct interpretation of the results in terms of quality of life.

Our study had some limitations. First, our study population may not be a represen-
tative sample of all stroke survivors. Indeed, 27.5% of the stroke survivors included in
the PARADISE study were not able to complete the SS-QoL questionnaire. The subjects
included in our analysis were mostly younger and less affected by the severity of the stroke.
Unfortunately, this pitfall could not be avoided since the most severe patients were not able
to complete the questionnaire. There is no stroke-specific quality of life scale suitable for
patients with the most severe forms of aphasia or severe dementia. We sought to minimize
this selection bias by administering the questionnaire by telephone to patients who were
unable to attend follow-up visits. Specific information about rehabilitation process was not
collected. Although all patients were managed according to standard care, including reha-
bilitation when indicated, we cannot exclude that differences in rehabilitation programs
may have influenced patients’ recovery and QoL.

5. Conclusions

Quality of life evolution over one year after ischemic stroke treated by revasculariza-
tion had only slight variation, thus questioning about its relevance as endpoint of future
randomized clinical trials. Changes in self-care, autonomy, and mood were independently
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negatively affected by age younger than 75 years, and stroke severity was associated with
negative changes in mood and self-care. MT (either alone or as bridging therapy) may be
associated with a greater improvement in perceived mobility between 6 and 12.
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