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Abstract: Background and Objectives: Endovascular thrombectomy (EVT is an emerging gold standard
treatment for acute cerebral infarction and may allow functional improvement after subacute cerebral
infarction. However, the long-term functional benefits of EVT in patients with moderate to severe
disability remain unclear. We investigated the effects of EVT on the activities of daily living (ADL),
handicap, gait, and eating in patients with middle cerebral artery (MCA) occlusion who exhibited
moderate to severe disability (score of 3–5 on the modified Rankin scale (mRS)) due to stroke, up
to six months after onset. Materials and Methods: This retrospective longitudinal case–control study
assessed 45 patients with MCA occlusion who exhibited moderate to severe disability (mRS score
≥ 3): 15 underwent EVT and 30 served as controls. Clinical assessments were conducted at two
weeks (12–16 days), four weeks (26–30 days), and six months (180–210 days) after stroke onset.
Functional assessments comprised the Korean version of the modified Barthel index (MBI), mRS,
functional ambulation category (FAC), and dysphagia outcome severity scale (DOSS) to assess
disability, handicap, gait, and eating. Results: The MBI, mRS, FAC, and DOSS scores all improved
significantly (all p < 0.05) in the EVT group, compared to the controls. Conclusions: EVT has favorable
effects on performing routine ADL, the handicap itself, walking, and eating. Therefore, EVT is
recommended for patients with acute MCA occlusion, including those with severe disability at the
initial assessment.

Keywords: stroke; endovascular thrombectomy; middle cerebral artery; recovery; outcome; Barthel
Index; gait

1. Importance

Endovascular thrombectomy (EVT) is an emerging gold standard treatment for acute
cerebral infarction. Among the patients with MCA occlusion who exhibited moderate
to severe disability, EVT had favorable effects on disability, handicap, gait, and eating
function up to six months after onset.

2. Introduction

Functional recovery and prognosis are important considerations with patients with
stroke. Functional recovery of the activities of daily living (ADL) may continue for up to
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six months after stroke onset [1–3]. The National Institutes of Health Stroke Scale scores,
early nutritional status, and vascular supply (determined using susceptibility-weighted
imaging) can all be evaluated to determine a patient’s acute prognosis after stroke [4,5].
Lesion location and white matter integrity also affect prognosis [6–9].

Endovascular thrombectomy (EVT) is an emerging gold standard treatment for acute
cerebral infarction, currently [10,11]. Numerous randomized controlled trials (RCTs)
have indicated that mechanical thrombectomy with retrievable stent or balloon-guided
catheter, represents an effective therapeutic procedure in patients with large artery oc-
clusion [10,12–14]. EVT improves functional recovery at three months after onset [11,15].
However, few studies of EVT have examined its functional benefits in patients with cerebral
infarction who exhibit moderate to severe disability (i.e., those with a modified Rankin
scale (mRS) score worse than 2).

We hypothesized that EVT might lead to favorable long-term functional outcomes in
patients with middle cerebral artery (MCA) occlusion who exhibit even moderate to severe
disability caused by severe stroke. Therefore, we investigated the effects of EVT on ADL,
handicap, gait, and eating in patients with MCA infarcts and moderate to severe disability
(mRS score = 3–5), all of whom were followed for six months after onset.

3. Material and Methods
3.1. Study Design and Participants

This retrospective longitudinal case–control study included 45 patients with first-ever
stroke from a single center between January 2013 and December 2019. Thereof, 15 patients
underwent EVT and 30 served as controls. All patients had unilateral MCA occlusion
and met the following criteria: (1) 20–89 years of age; (2) first-ever stroke diagnosed by
computed tomography (CT) or magnetic resonance imaging (MRI); (3) mRS scores ≥ 3
based on stroke at baseline and within 2 weeks after onset; and (4) initial assessment within
2 weeks after onset, subsequent assessment at 4 weeks after onset, and final assessment
at approximately 6 months after onset. Exclusion criteria were as follows: (1) any other
brain disorders other than stroke and (2) any other medical disorder resulting in non-
independent gait and ADL. The patients were divided into a group ‘Thrombectomy’ who
underwent EVT for unilateral MCA occlusion and achieved re-canalization (n = 15) and
the other group ‘Control’ who with same unilateral MCA occlusion lacked the indications
for EVT and had conservative treatment (n = 30).

All rehabilitation programs began within 5 days after onset. Treatment continued
until 6 months after onset and consisted of both physical (neurodevelopmental treatment
approach) and occupational (task-orientated approach) therapy for 1–2 h per day, 5 days
per week [9,16]. Speech therapy was provided as needed.

The present study was a retrospective longitudinal study, so the exact sample size was
not calculated beforehand. In addition, a long-term longitudinal study for patients with
or without EVT for unilateral MCA occlusion has not been investigated yet. In recruiting
period, many patients did not match our inclusion criteria (1) unilateral MCA occlusion,
(2) cut-off values of mRS scores ≥ 3, and (3) evaluated up to 6 months after onset. In
total, 15 patients were finally enrolled. For stroke control, to increase the accuracy of our
results, we decided to recruit the stroke control group twice numbers of the EVT group.
We tried to match the gender and age in all patients with unilateral MCA occlusion and
conservative treatment.

The study protocol was reviewed and approved by the Institutional Review Board of
the Catholic University, College of Medicine (Registry No. VC20RISI0161), which waived
the requirement for informed consent.
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3.2. Endovascular Intervention Protocols

Endovascular procedures were performed by three neuro-interventionists. EVT in-
volved thrombus retraction with a 6-mm retrievable stent, such as a Solitaire FR
(ev3/Covidien, Irvine, CA, USA) or Trevo XP ProVue (Stryker Neurovascular, Fremont, CA,
USA) [17,18]. A balloon-guided catheter (Merci, Concentric Medical, Mountain View, CA,
USA; or FlowGate2, Stryker Neurovascular) was used in some instances. In other instances,
an additional intermediate catheter, the 5F SOFIA (MicroVention Terumo, Tustin, CA, USA)
or 6F AXS Catalyst 6 (Stryker Neurovascular) was used for the Solumbra technique. The
device or method for endovascular procedures were selected by neurosurgeon’s decisions
based on patients’ clinical and vascular conditions, but not performed exclusively for a
particular purpose.

3.3. Assessment

Clinical assessments were conducted at 2 weeks (12–16 days), 4 weeks (26–30 days),
and 6 months (180–210 days) after onset. Functional disability was assessed using the
modified Barthel Index (MBI), which consists of 10 subscales with scores ranging from 0 to
100 regarding the basic activities of daily living (ADL) as the primary outcome [19–21], the
mRS (0–6), functional ambulation category (FAC, 0–5), and dysphagia outcome severity
scale (DOSS, 1–7) scores were assessed as other functional measures of disability, handicap,
gait, and eating [7,22,23].

3.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics, version 21.0 (IBM
Corp., Armonk, NY, USA). The patients’ demographic and clinical characteristics were
compared using the chi-squared test for categorical variables and Mann–Whitney U test
for continuous variables. Two-factor (EVT × time) repeated measures analysis of variance
was performed to determine the effects of EVT on MBI, FAC, mRS, and DOSS scores. All
tests were two-tailed and p-values ≤ 0.05 were considered statistically significant.

4. Results

Table 1 presents the patients’ demographic and clinical characteristics. The distribu-
tions of age, sex, sides of stroke did not differ between two groups. The mRS, MBI, FAC,
and DOSS for two groups up to 6 months were presented in Table 2.

Table 1. Patient demographic and clinical characteristics.

Characteristic Thrombectomy (n = 15) Control (n = 30) p Values

Sex, M/F (n) 10/5 17/13 0.519
Age, (mean ± SD, (range)) 64.9 ± 12.3 (45–85) 61.7 ± 8.6 (46–80) 0.262
Side of stroke, R/L (n) 9/6 14/16 0.399
Predisposing disease (%)
High blood pressure 66.7 63.3
Diabetes 26.7 30
Arterial Fibrillation 46.7 23.3
Dyslipidemia 60 46.7

n: number, SD: standard deviation. p-values were tested using Pearson’s chi-square test for sex and side of stroke,
the Mann-Whitney U-test for age.
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Table 2. Functional recovery with time and thrombectomy.

Thrombectomy (n = 15) Control (n = 30) p Value
(Time)

p Value
(Time*Group)

Modified Rankin
Scale (0–6)

2 weeks 4.6 ± 0.6 4.7 ± 0.5
<0.001 1 <0.001 14 weeks 3.4 ± 1.0 3.9 ± 0.8

6 months 1.9 ± 0.8 3.1 ± 1.0

Modified Barthel
Index (0–100)

2 weeks 17.1 ± 22.5 17.9 ± 19.1
<0.001 2 0.037 24 weeks 46.9 ± 25.2 37.5 ± 20.7

6 months 71.6 ± 19.6 59.1 ± 21.2

Functional
Ambulation

Category (0–5)

2 weeks 0.7 ± 1.0 0.3 ± 0.8
<0.001 1 0.009 14 weeks 2.0 ± 1.3 1.3 ± 1.2

6 months 3.9 ± 1.0 2.6 ± 1.4

Dysphagia
Outcome Severity

Scale (1–7)

2 weeks 3.0 ± 1.0 4.0 ± 1.4
<0.001 2 <0.001 24 weeks 5.0 ± 1.5 4.7 ± 1.1

6 months 6.5 ± 0.8 5.7 ± 1.0
1: Mauchly’s test of sphericity, 2: Greenhouse-Geisser’s test.

The thrombectomy group showed significant improvements in MBI scores with time,
compared to the control: values for two weeks, four weeks, six months; 17.1, 46.9, 71.6 for
thrombectomy group, 17.9, 37.5, 59.1 for control (all p < 0.05, Table 2, Figure 1).
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Figure 1. Functional recovery after thrombectomy. The MBI, mRS, FAC, and DOSS scores changed significantly according
to group and time. The graph indicates the changes of the activities of daily living ((A); modified Barthel Index, MBI, 0–100),
handicap ((B); modified Rankin Scale, mRS, 0–6), gait ((C); functional ambulation category, FAC, 0–5), and eating ((D);
dysphagia outcome severity scale, DOSS, 1–7). The numbers represent mean values of each groups for each times, and bar
lines represent standard deviation of each groups for each times.

The thrombectomy group showed significant improvements in mRS with time, com-
pared to the control: values for two weeks, four weeks, six months; 4.6, 3.4, 1.9 for thrombec-
tomy, 4.7, 3.9, 3.1 for control (all p < 0.05, Table 2, Figure 1). The thrombectomy group
showed significant improvements in FAC values with time, compared to the control: values
for two weeks, four weeks, six months; 0.7, 2.0, 3.9 for thrombectomy, 0.3, 1.3, 2.6 for control
(all p < 0.05, Table 2, Figure 1). The thrombectomy group showed significant improvements
in DOSS values with time, compared to the control: values for two weeks, four weeks, six
months; 3.0, 5.0, 6.5 for thrombectomy, 4.0, 4.7, 5.7 for control (all p < 0.05, Table 2, Figure 1).
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5. Discussion

The use of EVT has resulted in high rates of favorable outcomes worldwide. The
outcome and recovery are important considerations for clinicians who treat patients with
stroke. Most research regarding EVT has established the primary outcomes as the mRS
score at three months after onset and the overall mortality, where a favorable outcome
is an mRS score < 3. Thus far, no study has assessed the long-term functional outcomes
of patients with an initial severity mRS score ≥ 3, caused by stroke. We demonstrated
that EVT favorably affects the disability, handicap, gait, and eating function up to six
months after onset in patients with MCA infarct who exhibited even moderate to severe
disability [10,11,15].

This improvement is more than a simple score; it represents a change in functional
status for affected patients. In terms of MBI score, the control average of 58 means that
patients “should require assistance,” while the mean of 71 with EVT indicates that patients
“require minimal assistance or supervision.” The respective scores of the EVT and control
groups were 1.9 and 3.1 for the mRS, 3.9 and 2.6 for the FAC, and 6.5 and 5.7 for the
DOSS. Based on these results, patients in the control group typically required assistance
with routine ADL, did not walk independently (despite the use of a walking device),
and consumed modified food (e.g., thickened liquids). In contrast, patients in the EVT
group could perform routine ADL with modification, supervision, or minimal assistance;
walk independently for some distance with a walking device or orthosis; and consume an
unmodified diet. Therefore, we recommend EVT for all patients with acute MCA infarction,
including those with severe disability at the initial assessment.

Our study had two limitations: its retrospective nature and small sample size. We
conducted a retrospective longitudinal study (up to six months after stroke onset) and
used narrow inclusion criteria to achieve two homogeneous groups. In addition, according
to recent studies, the gender issue, i.e., that the female sex would worsen the outcome of
stroke, has emerged as an important issue for recovery and predicting long-term outcomes
for stroke [24–27]. Moreover, age, particularly aged 70 years or older, reported a negative
impact on the 30-month outcomes of stroke [16]. Thus, a large-scale prospective longitudi-
nal study for EVT with several clinical factors on the functional outcome would be needed
to address the remaining questions.

6. Conclusions

The EVT reduces both disability and handicap, while increasing walking and eating
abilities up to six months after onset, in patients with MCA infarct who exhibit moderate
to severe disability (initial severity mRS score ≥ 3) from severe stroke.
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