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Abstract
Background and purpose: The best management of acute ischemic stroke patients with a 
minor stroke and large vessel occlusion is still uncertain. Specific clinical and radiological 
data may help to select patients who would benefit from endovascular therapy (EVT). 
We aimed to evaluate the relevance of National Institutes of Health Stroke Scale (NIHSS) 
subitems for predicting the potential benefit of providing EVT after intravenous throm-
bolysis (IVT; “bridging treatment”) versus IVT alone.
Methods: We extracted demographic, clinical, risk factor, radiological, revascularization 
and outcome data of consecutive patients with M1 or proximal M2 middle cerebral artery 
occlusion and admission NIHSS scores of 0– 5 points, treated with IVT ± EVT between 
May 2005 and March 2021, from nine prospectively constructed stroke registries at 
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INTRODUC TION

Although endovascular therapy (EVT) combined with intravenous 
thrombolysis (IVT) has become the standard of care for patients with 
acute ischemic stroke (AIS) with large vessel occlusion (LVO) in the 
anterior circulation and moderate- to- severe neurological symptoms, 
the best management of patients with AIS with LVO and minor stroke 
severity has not yet been determined. On the one hand, approxi-
mately 15%– 30% of such patients receiving medical treatment alone 
develop early neurological deterioration and are likely to have unfa-
vorable outcomes, especially in cases of persistent LVO [1– 3]. On the 
other hand, the potential risks may eliminate the gain that patients 
with mild symptoms can expect to derive from EVT. Unfortunately, 
in randomized clinical trials of EVT, only MR CLEAN and EXTEND- IA 
included patients with National Institutes of Health Stroke Scale 
(NIHSS) scores of ≤5, and the number of patients was small, preclud-
ing definite conclusions [4].

Given these uncertainties, more data on the efficacy and safety of 
EVT in patients with minor strokes are needed to ensure the quality of 
the current practice of treating such patients in stroke centers. In par-
ticular, having clinical and radiological criteria to help select those minor 
stroke patients who may benefit from EVT could be useful. We there-
fore aimed to evaluate the relevance of NIHSS subitems for predicting 
the potential benefit of EVT in AIS patients with M1 or proximal M2 
middle cerebral artery (MCA) occlusion and admission NIHSS scores 
≤5 points pretreated with IVT (“bridging treatment”) versus IVT alone.

METHODS

We conducted an observational multicenter study of consecutive 
AIS patients with proximal MCA occlusions and low NIHSS scores 

who received IVT with or without subsequent EVT. Inclusion criteria 
were: AIS defined as acute onset of a clinical hemispheric stroke syn-
drome; acute M1 or proximal M2 MCA occlusion corresponding to 
the clinical deficit, with or without extracranial or intracranial inter-
nal carotid artery (ICA) stenosis or occlusion (tandem pathology) on 
acute computed tomography (CT) and/or magnetic resonance (MR) 
arteriography; admission NIHSS score ≤5 points; and revasculariza-
tion treatment with IVT (alteplase only) alone or followed by EVT 
(bridging treatment). The decision to perform IVT and/or EVT was 
up to the treating physicians at the time of the acute assessment. 
Some patients received delayed EVT due to early neurological de-
terioration of at least 4 NIHSS points <24 h after admission (“rescue 
EVT”); these were included in the group of patients treated with IVT 
alone [5].

Exclusion criteria were unavailability of NIHSS subitem scores 
on admission and insufficient baseline CT and/or MR arteriography 
data for classification of vessel occlusion location.

We analyzed consecutive patients fulfilling all inclusion crite-
ria between May 2005 and March 2021 from nine prospectively 
constructed stroke registries at seven French and two Swiss com-
prehensive stroke centers. We noted baseline characteristics 
routinely recorded in all registries, including age, sex, pre- stroke 
modified Rankin Scale (mRS) score, vascular risk factors, pre- 
stroke anti- thrombotic medication and time from symptom onset 
to start of IVT. For patients receiving EVT, we also recorded time 
from symptom onset to groin puncture and from groin puncture to 
reperfusion.

Clinical evaluation and NIHSS score on admission were per-
formed by a NIHSS- certified stroke neurologist, or by a neurology 
resident, with the initial NIHSS score being discussed and corrected 
(if needed) by a NIHSS- certified neurologist on the next work-
ing day. At the 3- month outpatient visit, a NIHSS- certified stroke 

seven French and two Swiss comprehensive stroke centers. Adjusted interaction analyses 
were performed between admission NIHSS subitems and revascularization modality for 
two primary outcomes at 3 months: non- excellent functional outcome (modified Rankin 
Scale score 2– 6) and difference in NIHSS score between 3 months and admission.
Results: Of the 533 patients included (median age 68.2 years, 46% women, median ad-
mission NIHSS score 3), 136 (25.5%) initially received bridging therapy and 397 (74.5%) 
received IVT alone. Adjusted interaction analysis revealed that only facial palsy on ad-
mission was more frequently associated with excellent outcome in patients treated by 
IVT alone versus bridging therapy (odds ratio 0.47, 95% confidence interval 0.24– 0.91; 
p = 0.013). Regarding NIHSS difference at 3 months, no single NIHSS subitem interacted 
with type of revascularization.
Conclusions: This retrospective multicenter analysis found that NIHSS subitems at ad-
mission had little value in predicting patients who might benefit from bridging therapy as 
opposed to IVT alone. Further research is needed to identify better markers for selecting 
EVT responders with minor strokes.

K E Y W O R D S
acute ischemic stroke, acute stroke management, mild symptoms
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neurologist performed the NIHSS assessment. We used the stan-
dard 15- item version of the NIHSS [6].

In addition, we assessed the mRS score at 3 months in person 
or via a structured telephone interview [7] by non- blinded Rankin- 
certified personnel.

All included patients underwent either CT arteriography or 
MR arteriography before IVT, and follow- up CT or magnetic res-
onance imaging (MRI) approximately 12– 24 h following admission, 
and additionally in cases of secondary neurological worsening. We 
collected imaging variables including the occlusion site from one 
of the following categories: ICA “T” occlusion (defined as distal 
internal carotid occlusion with simultaneous occlusion of the or-
igin of the M1 and the A1), or ICA “L” occlusion (defined as distal 
internal carotid occlusion with simultaneous occlusion of the or-
igin of the M1; ICA- T/L) [8], proximal M1 (±tandem cervical ICA), 
distal M1 (±tandem cervical ICA) and M2 (±tandem cervical ICA) 
occlusion. The M1 segment was defined as the first portion of 
the MCA up to the main bifurcation, dichotomized as proximal 
or distal based on MCA origin- to- clot interface distance <10 and 
≥10 mm, respectively. In addition, we recorded: thrombus length, 
measured by MRI (i.e., susceptibility vessel sign), CT (hyperdense 
MCA sign), or CT arteriography [9– 11]; infarct extent, evaluated 
by the Alberta Stroke Program Early CT Score (ASPECTS) [12] or 
diffusion- weighted imaging (DWI)- ASPECTS [13], respectively; 
recanalization, measured by the arterial occlusive lesion (AOL) 
score at 24 h after revascularization therapy [14]; and intracerebral 
hemorrhage according to the European- Australasian Acute Stroke 
Study (ECASS) II criteria [15].

Statistical analysis

We first performed a univariable analysis. For categorical variables, 
we used the χ2 test or Fisher's exact test, as appropriate, and for 
continuous and ordinal variables, we used one- way analysis of vari-
ance or the Mann– Whitney U- test, as appropriate, to compare base-
line characteristics, demographic data, vascular risk factors, baseline 
imaging findings, therapy details and outcome variables between 
patients treated by bridging treatment and IVT alone.

For the multivariable analysis, all variables significant at the 
p < 0.05 level in the univariable analysis were included.

Before assessing interaction, the influence of treatment modal-
ity on 3- month Rankin- shift, on the difference in NIHSS at 3 months, 
and the differences in each NIHSS subitem score between 3 months 
and admission were evaluated with stepwise ordinal regression 
analyses. We also assessed the influence of treatment modality on 
successful recanalization (AOL 2/3) at 24 h, and hemorrhagic trans-
formation (graded according to ECASS II) [16] by stepwise multi-
variable binary logistic regression analyses. To avoid overfitting, the 
maximum number of potential confounders in the models was re-
stricted to up to one- tenth of the size of the smallest number of the 
outcome categories, and we did not adjust for intermediate variables 
on a causal path from exposure to outcome.

We finally performed an adjusted interaction analysis between 
the ordinal admission NIHSS subitem scores and therapy modality 
for the two primary outcomes at 3 months: (i) non- excellent func-
tional outcome (mRS score 2– 6) at 3 months by multivariable binary 
logistic regression analysis; (ii) difference in the total NIHSS score 
between 3 months and admission (NIHSS difference at 3 months) by 
ordinal regression analysis. In both analyses, we removed all non- 
significant NIHSS subitems stepwise to reach the final model. For 
the two primary outcomes, we applied a Bonferroni correction, re-
sulting in a p value of 0.025 being considered as significant.

We performed sensitivity analyses for the two primary outcomes 
for patients with M2 occlusions and patients admitted from 2015.

We performed statistical analysis using SPSS 25.0 (SPSS Inc.).

Ethical considerations, patient consent and 
data sharing

The participating stroke registries had local ethics committee ap-
proval for quality control and research. Patients were informed 
about the registries and the potential use of their data for research.

For patients from Lausanne, ethics committee approval and 
patient consent were not required for this study according to the 
Swiss Federal Act on Research involving Human Beings from 2011 
(HRA, Art. 3) as all data were anonymized and the project assessed 
quality, safety and outcome of routine AIS management. For French 
patients, in accordance with French law, those who refused the use 
of their data for research were excluded from the analysis. We also 
excluded patients from Bern who did not consent to potential use of 
their data for research from the study. This study complied with the 
Declaration of Helsinki and all data analysis followed Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
reporting guidelines [17].

RESULTS

After excluding 25 patients due to ≥1 missing admission NIHSS su-
bitem, absence of good quality CT or MR arteriography, or both cri-
teria (Figure S1), we analyzed 533 patients (median age 68.2 years, 
interquartile range 59.2– 79, n = 245 women (46%), median admission 
NIHSS score 3, interquartile range 2– 4). MRI with MR arteriogra-
phy as the primary imaging modality was performed in 376 patients 
(71%) and CT with CT arteriography as the primary imaging modal-
ity was performed in the remaining patients. A total of 136 patients 
(25.5%) received bridging therapy and 397 (74.5%) were treated by 
IVT alone (of whom 29 later received a rescue EVT, but remained in 
the IVT group for further analysis; Table 1).

The bridging therapy group had more occlusions that were prox-
imal and more right- side thrombus location compared to the IVT- 
alone group. MRI- based imaging was less frequently performed in 
the bridging group, and the majority of bridging treatments (93.4%) 
were performed after 2015. Otherwise, the two groups had similar 
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TA B L E  1  Baseline characteristics of the overall cohort.

IVT group (n = 397) Bridging group (n = 136)

p valueValue Missing values Value Missing values

Age, median (range) years 70 (18– 96) 0 70 (19– 96) 0 0.537

Women, n (%) 187 (47.1) 0 58 (42.6) 0 0.368

Pre- stroke mRS score, median, 
(range)

0 (0– 4) 60 0 (0– 4) 11 0.357

Included since year 2015, n (%) 231 (58.2) 0 127 (93.4) 0 <0.0001

Vascular risk factor, n (%)

Arterial hypertension 228 (57.6) 1 76 (55.9) 0 0.731

Diabetes mellitus 61 (15.4) 1 20 (14.7) 0 0.845

Current smoking 80 (20.3) 3 33 (24.4) 1 0.311

Previous stroke 33 (8.3) 0 17 (12.5) 0 0.148

Coronary artery disease 63 (15.9) 1 22 (16.2) 0 0.941

Antithrombotics 0 0

Antiplatelets 114 (28.7) 41 (30.1) 0.751

Anticoagulation 19 (4.8) 6 (4.4) 1.000

MRI- based imaging, n (%) 294 (74.1) 0 82 (60.3) 0 0.002

Location of acute vessel occlusion on 
acute non- invasive imaging where 
available, n (%)

0 0 0.003

ICA T or L occlusion 5 (1.3) 2 (1.5)

Proximal M1 segment (±ICA 
tandem)

26 (6.5) 14 (10.3)

Distal M1 segment (±ICA tandem) 89 (22.4) 49 (36)

M2 segment (±ICA tandem) 277 (69.8) 71 (52.2)

Tandem occlusions 45 (11.3) 11 (8.1)

Right- sided stroke 197 (49.6) 0 93 (68.4) 0 <0.0001

ASPECTS 9 (2– 10) 1 9 (6– 10) 0 0.142

Thrombus length <9 mm 201 (56.6) 42 64 (50) 8 0.197

Rescue EVT 29 (7.3) 0 0 0 <0.0001

Delays, median (range) min

From stroke discovery to IVT 160 (25– 450) 2 150 (47– 559) 1

From stroke discovery to groin 
puncture of primary EVT

NA NA 214 (105– 600) 2 0.107

From stroke discovery to groin 
puncture of rescue EVT

334 (130– 1550) 0 NA NA

Admission NIHSS total, median, 
(range)

4 (0– 5) 0 4 (0– 5) 0 0.206

NIHSS subitems, n (%)

1a. Admission level of consciousness 1.000

1 point 2 (0.5) 0

1b. Admission level of consciousness 
questions

0.401

1 point 45 (11.3) 20 (14.7)

2 points 38 (9.6) 16 (11.8)

1c. Admission level of consciousness 
commands

0.341

1 point 22 (5.5) 12 (8.8)
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IVT group (n = 397) Bridging group (n = 136)

p valueValue Missing values Value Missing values

2 points 1 (0.3) 0

2. Admission best gaze 0.312

1 point 11 (2.8) 1 (0.7)

2 points 0 0

3. Admission visual 0.881

1 point 25 (6.3) 9 (6.6)

2 points 16 (4) 7 (5.1)

3 points 1 (0.3) 0

4. Admission facial palsy 0.376

1 point 166 (41.8) 66 (48.5)

2 points 47 (11.8) 13 (9.6)

5a. Admission motor left arm 0.941

1 point 57 (14.4) 20 (14.7)

2 points 7 (1.8) 3 (2.2)

5b. Admission motor right arm 0.085

1 point 27 (6.8) 7 (5.1)

2 points 0 2 (1.5)

3 points 1 (0.3) 0

6a. Admission motor left leg 0.312

1 point 32 (8.1) 11 (8.1)

2 points 1 (0.3) 1 (0.7)

3 points 0 1 (0.7)

6b. Admission motor right leg 0.529

1 point 12 (3) 6 (4.4)

2 points 2 (0.5) 0

7. Admission limb ataxia 0.425

1 point 32 (8.1) 11 (8.1)

2 points 9 (2.3) 6 (4.4)

8. Admission sensory 0.600

1 point 67 (16.9) 22 (16.2)

2 points 12 (3) 2 (1.5)

9. Admission best language 0.735

1 point 96 (24.2) 39 (28.7)

2 points 75 (18.9) 22 (16.2)

3 points 3 (0.8) 1 (0.7)

10. Admission dysarthria 0.390

1 point 155 (39) 60 (44.1)

2 points 8 (2) 1 (0.7)

11. Admission extinction and 
inattention

0.004

1 point 48 (12.1) 10 (7.4)

2 points 19 (4.8) 17 (12.5)

Abbreviations: ASPECTS, Alberta Stroke Program Early CT Score; EVT, endovascular therapy; ICA, internal carotid artery, IVT, intravenous 
thrombolysis; MRI, magnetic resonance imaging; NA, not applicable; NIHSS, National Institutes of Health Stroke Scale.

TA B L E  1  (Continued)
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baseline clinical and radiological characteristics; including pre- stroke 
mRS score and admission NIHSS total score (Table 1). Most admis-
sion NIHSS subitem scores were similar as well; only admission 
neglect and inattention subscore was more severe in the bridging 
group. mRS score was available for 515 patients, while NIHSS differ-
ence at 3 months was analyzed only in the 467 of 533 patients for 
whom NIHSS score was evaluated in person in the outpatient clinic. 
Good quality CTA or MRA at 24 h was available for 411 out of 533 
patients.

In the multivariable analyses assessing influence of treatment 
modality on the two main outcomes, patients in the bridging ther-
apy group had a significant shift toward a lower/better 3- month 
mRS score (p = 0.006), and a better NIHSS difference at 3 months 
(p = 0.025) than the IVT- only group (Table 2). We did not observe 
a significant difference in hemorrhagic transformation between the 
two groups (p = 0.073), but successful recanalization at 24 h was sig-
nificantly higher in the bridging group (odds ratio [OR] 0.14, 95% con-
fidence interval [CI] 0.05– 0.36; p < 0.0001). Bridging was associated 
with a greater improvement in NIHSS disorientation (p = 0.019) and 
aphasia (p = 0.001) subitem scores (Table 2; Table S1) at 3 months.

Regarding the adjusted interaction analysis for the two primary 
outcomes, non- excellent functional 3- month outcome (mRS score 
2– 6) and individual NIHSS subitems did not show a significant inter-
action with treatment type. The subitem “facial palsy” at admission 
was inversely associated with non- excellent outcome after bridging 
therapy (p = 0.013; OR 0.47, 95% CI 0.24– 0.91; Table 3). In other 
words, a facial palsy on admission predicted better outcome if a pa-
tient only received IVT, without added EVT.

We found no NIHSS subitem interaction with type of revascular-
ization therapy with respect to the second primary outcome, NIHSS 
difference at 3 months.

In the sensitivity analysis of patients with M2 occlusions, we did 
not reveal any differences in outcome between the revascularization 
therapies (Tables S2 and S3). However, adjusted interaction analysis 
revealed that the admission NIHSS subitem “right side leg motor pa-
resis” score less frequently predicted NIHSS difference at 3 months 
in patients treated by bridging therapy versus IVT alone (p = 0.018; 
estimate = −1.41 [−2.73– 0.09]; Table S4).

In the second sensitivity analysis of patients admitted from 
2015, there were differences in outcome analysis between the IVT 
and bridging groups, mostly in favor of the bridging therapy group 
(Table S6). Further, the adjusted interaction analysis revealed that 
the admission NIHSS subitem “aphasia” score more frequently pre-
dicted non- excellent 3- month outcome in patients treated by IVT 
alone versus bridging therapy (p = 0.017; OR 2.06, 95% CI 1.06– 4.01 
[Tables S5– S7]).

DISCUSSION

The main findings of our study were that there was an overall benefit 
of adding EVT to IVT in patients with minor stroke due to MCA occlu-
sion, but that individual NIHSS subitems at admission had little value 

in identifying potential responders to bridging therapy. Considering 
the Bonferroni correction for multiple outcomes, only the facial palsy 
subitem predicted a possibly less favorable response to EVT.

We did find an overall benefit on outcome of adding EVT to IVT 
in this minor stroke cohort. Some of the other retrospective stud-
ies that have investigated this also found a benefit in minor stroke 
patients with MCA occlusions [18– 21], whereas a previous analysis 
from our group found slightly worse outcomes [22]. This discordance 
between our previous study and the current analysis may be related 
to the inclusion of different patients, given that in the current study 
we considered only patients with available NIHSS subitems data; 
furthermore, new patients were added to the databases of partic-
ipating centers.

When performing rescue (late) EVT after worsening in minor 
stroke patients with LVO, one study found a benefit of adding EVT 
[23], whereas another reported a worse outcome [21].

A potential effect of EVT in minor stroke still needs to be proven 
in randomized clinical trials, particularly in view of the neutral result 
in the (underpowered) thrombolysis trial of stroke with non- disabling 
neurological deficits [24]. Given that an effect of EVT in these pa-
tients may only exist in selected patients, in contrast to patients with 
moderate to severe strokes with proximal occlusions [4], there is a 
strong need for clinical and/or radiological criteria that may help in 
selecting mild AIS patients for EVT. Concerning radiological predic-
tors, a multicenter international observational study recently found 
that minor strokes due to M2 occlusions have a particularly poor 
outcome after EVT [23]; on the other hand, minor stroke patients 
with proximal M1 ± ICA occlusions seemed to benefit [23]. Regarding 
perfusion imaging, the same group found that the baseline mismatch 
volume modified the effect of EVT, predicting worse outcome after 
EVT in patients with mismatch volumes of ≤40 mL [22].

In patients with distal occlusions but moderate deficits, the ef-
fect of EVT may be better, as shown in a few retrospective case 
series [25– 27]; here again, perfusion imaging may be useful in deter-
mining EVT responders [25]. Overall, both the clinical stroke sever-
ity and radiological features (occlusion site, mismatch profile) may be 
useful to select the revascularization strategy, whereas the evidence 
for using single clinical features remains insufficient.

This is the first study, to our knowledge, that has focused on po-
tential associations of NIHSS subitems with EVT response. With our 
mostly negative findings, we cannot recommend using NIHSS sub-
items to select in favor of or against EVT on top of IVT in minor stroke 
patients with MCA occlusions. We found that paresis, that is, facial 
palsy in the overall group and right leg weakness in the M2- occlusion 
sensitivity analysis, predicted poorer EVT response; this finding 
could be explained pathophysiologically by the fact that hemispheric 
deficits (aphasia, hemineglect, visual fields) have larger brain volumes 
that, when only partially being saved by EVT, can better compensate 
for the initial deficits than the more dense pyramidal structures.

Our findings should be interpreted in the context of the current 
uncertainty of EVT benefit in such patients and considering the 
substantial rate of early neurological deterioration in these patients 
treated with IVT alone [3].
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TA B L E  2  Clinical and radiological outcomes of the overall cohort, comparing the intravenous thrombolysis and bridging patients. 
Unadjusted and adjusted p value results are shown. In the lower part of the table (National Institutes of Health Stroke Scale [NIHSS] 
subitems), we show changes from admission to 3 months for each NIHSS subitem for the 467 patients included in this analysis.

At follow- up
IVT group 
(n = 397)

Bridging group 
(n = 136) p values of unadjusted analysis p values of adjusted analysis

mRS score at 3 months (mRS 
shift analysis) median value 
(with IQR)

1 (0– 2) 1 (0– 2) 0.074 0.006

0 126 (33.1%) 58 (43.3%)

1 110 (28.9%) 34 (25.4%)

2 68 (17.8%) 17 (12.7%)

3 49 (12.9%) 12 (9%)

4 8 (2.1%) 8 (6%)

5 1 (0.3%) 0

6 19 (5%) 5 (3.7%)

NIHSS difference at 3 months, median (range)

Total median value, with (IQR) 0 (0– 1) 0 (0– 1) p = 0.215 p = 0.192

Change from admission 
(delta- NIHSS)

−2 (−5– 42) −3 (−5– 41) p = 0.058 p = 0.025

Intracerebral hemorrhage 
(ECASS II)

p = 0.133 p = 0.073

 None 327 (84.3%) 122 (89.7%)

HI1 31 (8%) 6 (4.4%)

HI2 18 (4.6%) 4 (2.9%)

PH1 5 (1.3%) 2 (1.5%)

PH2 7 (1.8%) 2 (1.5%)

Successful recanalization at 24 h 
(AOL 2/3)

222 (76.6%) 116 (95.9%) Unadjusted OR (95% CI) 0.14 
(0.56– 0.36), 0.001

Adjusted OR (95% CI) 0.14 
(0.05– 0.36), <0.0001

NIHSS subitems

1a. 3- month level of consciousness

Change from admission 0 (−1– 3) 0 (0– 3) 0.560 0.895

1.b 3- month level of consciousness questions

Change from admission 0 (−2– 2) 0 (−2– 2) 0.289 0.019

1c. 3- month level of consciousness commands

Change from admission 0 (−2– 2) 0 (−1– 2) 0.330 0.069

2. 3- month best gaze

Change from admission 0 (−1– 2) 0 (0– 2) 0.540 0.952

3. 3- month visual

Change from admission 0 (−2– 3) 0 (−2– 3) 0.275 0.612

4. 3- month facial palsy

Change from admission 0 (−2– 3) 0 (−2– 3) 0.328 0.473

5a. 3- month motor left arm

Change from admission 0 (−2– 4) 0 (−2– 4) 0.775 0.199

5b. 3- month motor right arm

Change from admission 0 (−2– 4) 0 (−2– 4) 0.630 0.793

6a. 3- month motor left leg

Change from admission 0 (−2– 4) 0 (−2– 4) 0.504 0.491

6b. 3- month motor right leg

Change from admission 0 (−2– 4) 0 (−1– 4) 0.305 0.172

(Continues)
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The aforementioned results and our data should not change the 
current European Stroke Organization (ESO)/ European Society 
for Minimally Invasive Neurological Therapy (ESMINT) guidelines 

whereby the experts' opinion states that “mechanical thrombec-
tomy […] may be reasonable in patients with deficits that appear 
disabling at presentation and/or in case of clinical worsening despite 

At follow- up
IVT group 
(n = 397)

Bridging group 
(n = 136) p values of unadjusted analysis p values of adjusted analysis

7. 3- month limb ataxia

Change from admission 0 (−2– 2) 0 (−2– 2) 0.283 0.848

8. 3- month sensory

Change from admission 0 (−2– 2) 0 (−2– 2) 0.998 0.624

9. 3- month best language

Change from admission 0 (−2– 3) 0 (−3– 3) 0.335 0.001

10. 3- month dysarthria

Change from admission 0 (−2– 2) 0 (−2– 2) 0.132 0.198

11. 3- month extinction and inattention

Change from admission 0 (−2– 2) 0 (−2– 2) 0.063 0.195 (0.561)

Abbreviation: CI, confidence interval; IQR, interquartile range; IVT, intravenous thrombolysis; mRS, modified Rankin scale; NIHSS, National Institutes 
of Health Stroke Scale; OR, odds ratio.
Note: Values are given as numbers with percentages, unless otherwise stated. Results adjusted according to inclusion before versus after 2015, 
location of acute vessel occlusion, occlusion side, magnetic resonance versus computed tomography- based imaging and admission NIHSS subitems (if 
different at a p < 0.05 level in univariable comparison).

TA B L E  2  (Continued)

TA B L E  3  Adjusted interaction analysis between admission National Institutes of Health Stroke Scale (NIHSS) subitems and 
revascularization type (bridging therapy vs. intravenous thrombolysis) regarding 3- month non- excellent outcome (modified Rankin Scale 
score 2– 6) and NIHSS difference at 3 months.

Main analysis Non-excellentoutcome(mRSscore2–6) NIHSSdifferenceat3 months

Interaction between therapy and total NIHSS 
score

p = 0.489; OR = 1 (95% CI 0.75– 1.35) NA

Interaction between therapy and level of 
consciousness

NA NA

Interaction between therapy and level of 
consciousness questions

p = 0.199; OR = 1.32 (95% CI 0.70– 2.51) p = 0.453; estimate = 0.03 (95% CI −0.53– 0.60)

Interaction between therapy and level of 
consciousness commands

p = 0.249; OR = 1.86 (95% CI 0.31– 11.14) p = 0.433; estimate = 0.12 (−1.21– 1.44)

Interaction between therapy and best gaze p = 0.500 NA

Interaction between therapy and visual fields p = 0.079; OR = 1.89 (95% CI 0.78– 4.57) p = 0.208; estimate = −0.31 (95% CI −1.07– 0.44)

Interaction between therapy and facial palsy p = 0.013; OR = 0.47 (95% CI 0.24– 0.91) p = 0.239; estimate = −0.20 (95% CI −0.77– 0.36)

Interaction between therapy and motor left arm p = 0.098; OR = 0.54 (95% CI 0.21– 1.38) p = 0.116; estimate = −0.51 (95% CI −1.36– 0.33)

Interaction between therapy and motor right 
arm

p = 0.408; OR = 0.86 (95% CI 0.23– 3.20) p = 0.321; estimate = −0.27 (95% CI −1.41– 0.87)

Interaction between therapy and motor left leg p = 0.100; OR = 0.46 (95% CI 0.14– 1.51) p = 0.136; estimate = −0.61 (95% CI −1.68– 0.47)

Interaction between therapy and motor right leg p = 0.358; OR = 0.70 (95% CI 0.10– 4.74) p = 0.191; estimate = −0.76 (95% CI −2.44– 0.93)

Interaction between therapy and limb ataxia p = 0.438; OR = 1.09 (95% CI 0.39– 3.06) p = 0.343; estimate = −0.17 (95% CI −0.99– 0.65)

Interaction between therapy and sensory deficit p = 0.165; OR = 1.66 (95% CI 0.60– 4.60) p = 0.371; estimate = −0.14 (95% CI −0.99– 0.71)

Interaction between therapy and best language p = 0.071; OR = 1.54 (95% CI 0.87– 2.72) p = 0.378; estimate = 0.08 (95% CI −0.40– 0.56)

Interaction between therapy and dysarthria p = 0.416; OR = 0.92 (95% CI 0.41– 2.07) p = 0.345; estimate = −0.145 (95% CI −0.86– 0.57)

Interaction between therapy and extinction and 
inattention

p = 0.355; OR = 0.87 (95% CI 0.42– 1.81) p = 0.296; estimate = −1.62 (95% CI −0.75– 0.43)

Abbreviations: CI, confidence interval; IVT, intravenous thrombolysis; mRS, modified Rankin scale; NIHSS, National Institutes of Health Stroke Scale; 
OR, odds ratio.
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intravenous thrombolysis” [28]. With or without EVT, the current 
ESO thrombolysis consensus statement suggests that IVT should be 
given in minor disabling stroke with LVO [29].

Our study has several limitations. First, it was a retrospective, 
observational, non- controlled, non- randomized study with potential 
selection bias, in particular, concerning the decision to perform IVT 
and/or EVT. Second, some of the initial NIHSS evaluations were not 
performed by NIHSS- certified neurology residents, potentially mak-
ing them less reliable. However, these admission NIHSS scores were 
discussed for each patient with a NIHSS- certified stroke neurolo-
gist the following day and were retrospectively corrected if needed. 
Third, 7.3% of patients intended for treatment with IVT only received 
rescue EVT due to early neurological deterioration. Fourth, as the 
study was a quality assurance project conducted by the participating 
stroke centers, it may not be applicable to other institutions or pa-
tient cohorts, in particular, not to non- White elderly patients. Finally, 
although we present new data in patients with minor stroke and LVO 
in the anterior circulation eligible for IVT ± EVT, our study does not 
inform us whether bridging therapy is superior to IVT alone, even 
in the subgroup of patients with specific NIHSS subitems. This will 
need to be verified in randomized trials that also consider other clin-
ical and radiological prognostic markers.

In conclusion, our retrospective study demonstrated that NIHSS 
subitems at admission had little predictive value as to which mild 
stroke patients with MCA occlusion might respond to bridging ther-
apy compared to IVT alone. These results need to be corroborated 
by other multicentric observations and ongoing randomized trials to 
identify better markers to be used as EVT selection criteria in pa-
tients with minor strokes.
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