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Abstract

Background and Purpose The benefit of mechanical thrombectomy (MT) in patients with acute ischemic stroke (AIS) due
to large vessel occlusion (LVO) and baseline mild neurological symptoms remains unclear. The purpose of this study was
to evaluate the effectiveness of MT in this subgroup of patients.

Methods The databases of 9 high-volume Italian stroke centers were retrospectively screened for patients with LVO in the
anterior circulation and a baseline National Institute of Health Stroke Scale (NIHSS) score <5 that received either immediate
MT or best medical management (BMM) with the possibility of rescue MT upon neurological worsening. Primary outcome
measure was a modified Rankin Scale score of 0—1 at 90 days. Propensity score matching (PSM) analysis was used to estimate
the treatment effect of immediate MT compared to BMM/rescue MT.

Results Two hundred and seventy-two patients received immediate MT (MT group). The BMM/rescue MT group included
41 patients. The primary outcome was achieved in 78.6% (n=246) of overall patients, with a higher proportion in the MT
group (80.5% vs. 65.9%, p=0.03) in unadjusted analysis. After PSM, patients in the MT group had a 19.5% higher chance
of excellent outcome at 90 days compared to the BMM/Rescue MT group with a similar risk of death from any cause.
Conclusions Our experience is in favor of a potential benefit of MT also in patients with LVO and a NIHSS score <5 at the
time of groin puncture. Nonetheless, this issue waits for a clear-cut recommendation in a dedicated clinical trial.
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Introduction

Results from randomized trials have shown the superiority
of mechanical thrombectomy (MT) over best medical ther-
apy (including intravenous thrombolysis (IVT)) in patients
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with acute ischemic stroke (ALS) due to large vessel occlu-
sion (LVO) [1-6]. Current guidelines recommend MT in
patients with a baseline National Institute of Health Stroke
Scale (NIHSS) score > 6 and a pre-event modified Rankin
Scale (mRS) score <2, within 6 h from onset of symptoms
and between 6 and 24 h from onset in patients that meet
advanced neuroimaging criteria [7]. On the contrary, the
benefit of MT in patients with AIS due to LVO in the ante-
rior circulation and mild neurological symptoms at presen-
tation (NIHSS score <5) remains unclear [8—11]. Indeed,
few patients with minor stroke were included in the pivotal
clinical trials to draw conclusions in this specific subgroup
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[12] and decision to treat is usually considered on a case-by-
case basis and after careful evaluation of risks and benefits.
The matter of endovascular treatment in patients with AIS
due to LVO in the anterior circulation and mild neurological
symptoms is of particular interest, as they constitute a vari-
able, but not negligible, percentage of total patients [8—11,
13]. As these patients have higher odds of not receiving MT,
they possibly face later neurological worsening that can limit
the benefit of any subsequent recanalization treatment and
lead to poor long-term functional outcome [11, 13-16].

Given the uneven evidence available to date, the guide-
lines of the European Stroke Organization (ESO), as well
as those of the Italian Stroke Association (ISA), suggest the
inclusion of patients with LVO-related stroke and a base-
line NIHSS score <5 in dedicated randomized clinical tri-
als aimed to compare the efficacy of MT plus best medical
therapy versus best medical therapy alone. When this is
not possible, MT is considered reasonable in patients with
potentially disabling symptoms (e.g., significant motor defi-
cits, aphasia, or hemianopia) or in case of clinical deteriora-
tion after IVT [17, 18].

Here we report a retrospective multicenter analysis of
prospectively collected data on patients with AIS due to
LVO in the anterior circulation and low baseline NIHSS
score. The purpose of this study was to compare the outcome
of patients receiving MT with a NIHSS score <5 at the time
of groin puncture with the outcome of patients that, accord-
ing to the current ESO and ISA guidelines, are kept on best
medical management (BMM) only or are subjected to MT
upon neurological worsening (with NIHSS score > 6 at the
time of groin puncture) after BMM (including IVT).

Methods
Patients and treatment

In this retrospective observational study, the prospective
databases of 9 high-volume Italian stroke centers were
screened for consecutive patients with AIS due to LVO
diagnosed between January 2016 and December 2020. This
work is part of a nonprofit study protocol approved by the
ethics committee (protocol number 6410/20, ID 3004) of the
coordinator hospital. The local ethics committees approved
the use of patients’ data for this analysis. The need of an
informed consent was waived due to the retrospective nature
of the study.

All patients were diagnosed with a comprehensive head
and neck computed tomography (CT) protocol that included
a basal scan with determination of the Alberta Stroke Pro-
gram Early CT (ASPECT) score [19], followed by mul-
tiphase CT angiography (mCTA) to define the site of occlu-
sion and evaluate the leptomeningeal collateral vessel filling
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status using the Menon score [20]. A CT perfusion (CTP)
protocol was performed in patients admitted beyond 6 h
from onset of symptoms to establish eligibility to MT [7].
Patients with an occlusion site other than the middle cerebral
artery (MCA) or tandem occlusion (M1 or M2 segments
of the MCA and internal carotid artery (ICA)), a NIHSS
score at presentation > 6, a pre-event mRS score > 1 or with
incomplete records were excluded.

Patients enrolled according to these criteria were then
divided into two cohorts based on the therapeutic approach
that was used. Patients receiving MT with a NIHSS score <5
at the time of groin puncture, either preceded or not by IVT
at the discretion of the treating physician, were defined as
the MT group. The control group (defined as the BMM/res-
cue MT group) included patients that underwent only BMM
(including IVT when applicable) and those initially receiv-
ing BMM but that were subjected to rescue MT upon early
neurological deterioration (END), defined as an increase of
NIHSS score of >4 points from baseline leading to a NIHSS
score > 6 at the time of groin puncture. The decision to per-
form MT with a NIHSS score <5 at the time of groin punc-
ture or BMM with the possibility of rescue MT upon END
was based on individual center’s protocol and the treating
physician discretion. A flow diagram of patient selection is
provided in Fig. 1.

In all participating centers, the endovascular procedure
was performed under general anesthesia or conscious seda-
tion. Due to the sparse and often contradictory evidence
available [21, 22], there was no preference concerning the
anesthesiologic approach and decision was made on a case-
by-case basis after evaluation of the patient’s capability to
cooperate or other specific factors (e.g., vomiting). MT was
conducted with a stent-retriever and proximal guide cath-
eter aspiration, direct contact aspiration, or a combination of
stent-retriever and distal aspiration. The treatment strategy
was at the discretion of each individual interventionalist.
Flow restoration at the end of each procedure was graded
using the modified Treatment In Cerebral Infarction (mTICI)
scale [23] with successful MT corresponding to a score of
2b-3. Two experienced neuroradiologists blinded to clini-
cal outcome reviewed the diagnostic radiological data and
angiographic data of all patients.

Clinical variables and measures of outcome

Our analysis included demographic data (age and sex), car-
diovascular risk factors, previous antithrombotic therapy,
and imaging data as well as therapeutic procedures of the
acute phase. Clinical outcome was measured with the mRS
score acquired at 90 days through a structural interview,
either in person or on the telephone. A mRS score of 0-1
(excellent functional outcome) at 90 days was chosen as the
primary clinical outcome measure. This was considered
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Fig. 1 Flow diagram of patient
selection
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more appropriate given the baseline condition of patients,
characterized by mild symptoms. Secondary clinical out-
come measure was a mRS score of 0-2 (functional inde-
pendence) at 90 days. Safety outcome measures were (1)
brain bleeding events following recanalization therapies,
assessed by CT scan or magnetic resonance imaging at 72 h
and classified according to previously established criteria
[24] and (2) death of any cause within 90 days after stroke.

Statistical analysis

Standard descriptive statistics were used to measure cen-
tral tendency and variability of baseline characteristics. We
examined differences in means of ordinal and continuous
variables by the Mann—Whitney U test or Welch two-sample
t-test based on their distribution. Categorical variables were
compared through the chi-squared test.

Since our data were not randomized, we used pro-
pensity score matching (PSM) to estimate the treatment
effect of MT compared to the BMM/rescue MT, account-
ing for differences in baseline variables. We estimated

the probability of being treated (propensity score) by a
multivariable logistic regression model where the out-
come variable is a binary variable indicating the treat-
ment type. Covariates included in this model were sex,
age, occlusion site at mCTA, baseline NIHSS, and IVT.
Using this model, we calculated the propensity score for
each patient. We examined the region of common support
through histograms of the estimated propensity scores by
treatment type. We used the “nearest neighbor” method to
find pairs of observations that have very similar propensity
scores, but that differ in the type of received treatment.
We assessed the covariate imbalance through (1) Welch
two-sample #-test and (2) visual inspection of the mean
of each covariate (estimated through a locally estimated
scatterplot smoothing) against the estimated propensity
score, separately by type of treatment. The treatment effect
was calculated through linear regression and presented as
a risk difference with 95% CI [25]. Statistical significance
was considered at 2-tailed p-value <0.05. All analyses
were performed using R software v.4.0.5 (https://www.r-
project.org).
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Results

A total of 5210 patients with AIS due to LVO from the
9 participating centers were screened. After exclusion of
patients with an occlusion site other than the MCA (M1
or M2 segment) and tandem occlusion (cervical ICA and
MCA), a NIHSS score at presentation > 5 or a pre-event
mRS score > 1, 313 patients were available for analysis.
Of these, 272 patients (139 females—51.1%) received
MT when having a NIHSS score <5 at the time of groin
puncture (MT group) (Fig. 1). The BMM/rescue MT
group included 41 patients (24 females—58.5%) that
received only BMM (16 patients—39.1%) or that initially
received BMM but that underwent rescue MT upon END
with a NIHSS score > 6 at the time of groin puncture (25
patients—60.9%). The two cohorts had similar demo-
graphics, baseline clinical characteristics, and vascular
risk factors except for diabetes that was more frequent in
the BMM/rescue MT group (17.1% in the BMM/rescue
MT group vs. 7.7% in the MT group; p-value =0.05). IVT
was performed in 109 patients of the MT group (40.1%), in

14 patients receiving BMM only, and in 16 of the patients
subjected to rescue MT (corresponding to 73.2% of total
control patients, p <0.001). The BMM/rescue MT group
had a higher proportion of tandem occlusions and M2
occlusions (22% vs. 11.5% and 51.2% vs. 43.8%, respec-
tively), whereas M1 occlusions were more frequent in the
MT group (44.9% vs. 26.9%). Median Menon score (inter-
quartile range) was 4 (4-5) in both groups, meaning good
collaterality. Successful recanalization (mTICI score 2b-3)
was achieved in 87.1% of patients of the MT group and
in 88% of the patients subjected to rescue MT (p=0.9).
All relevant data of the patients included in this study are
reported in Table 1.

Ninety-day excellent outcome (mRS 0-1) was achieved in
78.6% (n=246) of patients overall, with a higher proportion
in the MT group in unadjusted analysis (80.5% vs. 65.9%,
p=0.03; Table 2 and Fig. 2). Dichotomization of the mRS
score of 0-2 (functional independence) versus 3—6 (poor out-
come) showed no significant difference between the MT group
and the BMM/rescue MT group (86.8% vs. 80.5% respectively,
p=0.28). There was a non-significant difference in all-cause
mortality at 90 days between the 2 groups (Table 2).

Table 1 Demographic, baseline
clinical, radiological, and

procedural parameters

MT BMM/rescue MT  p-value
Number of patients 272 41
Mean age (+SD) 69.9 (+14.35) 69 (+15.34) 0.73
Sex (female), # patients (%) 139 (51.1%) 24 (58.5%) 0.37
Atrial fibrillation, # patients (%) 70 (25.7%) 11 (26.8%) 0.88
Diabetes, # patients (%) 21 (7.7%) 7 (17.1%) 0.05
Dyslipidemia, # patients (%) 68 (25%) 12 (29.3%) 0.56
Coronary artery disease, # patients (%) 74 (27.2%) 13 (31.7%) 0.55
Carotid atherosclerosis, # patients (%) 51 (18.7%) 9 (22%) 0.63
Chronic obstructive pulmonary disease, # patients (%) 9 (3.3%) 1(2.4%) 0.77
Previous stroke, # patients (%) 20 (7.3%) 5(12.2%) 0.29
Previous antiplatelet therapy, # patients (%) 74 (27.2%) 14 (34.1%) 0.35
Previous anticoagulant therapy, # patients (%) 42 (15.4%) 5(12.2%) 0.59
Left-sided stroke, # patients (%) 138 (50.7%) 20 (48.8%) 0.82
Median NIHSS score at baseline (IQR) 3(2-5) 3(2-5) 0.72
Occlusion site at mCTA 0.05
ICA+MCA/M1, # patients (%) 23 (8.5%) 5(12.2%)
ICA +MCA/M2, # patients (%) 8 3%) 4 (9.8%)
MCA/M1, # patients (%) 122 (44.9%) 11 (26.9%)
MCA/M2, # patients (%) 119 (43.8%) 21 (51.2%)
Median ASPECT score (IQR) 9 (8-10) 10 (9-10) 0.10
Median Menon score (IQR) 4 (4-5) 4 (4-5) 0.14
Intravenous thrombolysis, # patients (%) 109 (40.1%) 30 (73.2%) <0.001
Mean onset-to-groin time, minutes (+ SD) 342.9 (£247.2) 417 (£253.9) 0.21
Mean onset-to-recanalization time, minutes (+ SD) 400.4 (240.5) 334.3(x132.8) 0.50
Mean groin-to-recanalization time, minutes (+ SD) 57.8 (x45.2) 56.3 (x46.5) 0.94

mTICI score 2b-3, # patients (%)

237 (87.1%) 22 (88%) * 0.90

p-values by t-test for continuous variables and Chi?2 test for binary/categorical variables

(*): 25 patients of the BMM/rescue MT group were subjected to rescue mechanical thrombectomy

@ Springer



Neurological Sciences (2022) 43:3105-3112 3109
Table2 Clinical outcome MT BMM/rescue MT Total p-value
mRS score of 0-1 (% of patients) 219 (80.5%) 27 (65.9%) 246 (78.6%) 0.03
mRS score of 0-2 (% of patients) 236 (86.8%) 33 (80.5%) 269 (85.9) 0.28
mRS score of 6 (% of patients) 13 (4.8%) 1(2.4%) 14 (4.5%) 0.43
Parenchymal hematoma type 1 and 9 (3.3%) 2 (4.9%) 11 (3.5%) 0.61
2, # patients (%)
mRS =0 mRS =1 mRS =2 "mRS =3 EmRS =4 EmRS =5 EmRS =6
58.1 224 63 15 48 2.2 48
. oot _
36.6 293 146 S49/ 74 24
BMM/rescue MT group l-
49
0% 20% 60% 80% 100%

% of patients

Fig.2 Row distribution of the 90-day modified Rankin Scale scores in the two cohorts. Abbreviations: MT, mechanical thrombectomy; BMM,

best medical management

All main analysis patients (n=313) entered the propen-
sity score matching procedure, and 41 matched pairs (total
number of patients = 82) of early MT and BMM/rescue MT
patients were generated based on similar baseline covariates
(Supplementary material). After PSM, early MT was asso-
ciated with a 19.5% (95% CI: 0.9-38.1%, p=0.04) higher
chance of excellent outcome (mRS of 0-1) at 90 days com-
pared to BMM/Rescue MT. Chances of good neurological
outcome (mRS of 0-2) and death of any cause at 90 days
were similar between the two groups (9.8% difference for
mRS of 0-2 in favor of the MT group, 95% CI: —5.6-25%,
p=0.22; 2.4% difference for death of any cause in favor of
the MT group, 95% CI: —2.4-7.3%, p=0.32).

Discussion

Our multicenter retrospective observational study shows a
greater benefit of MT in patients with anterior circulation LVO
and a NIHSS score <5 at the time of groin puncture compared
to an approach based on BMM with the possibility of a res-
cue MT after neurological deterioration. This finding is best
shown by PSM analysis demonstrating that early MT is associ-
ated with a 19.5% higher probability of achieving an excellent

long-term neurological outcome. Our results are in line with
the evidence that MT has a beneficial effect on clinical out-
come across the entire baseline NIHSS severity range [12].

The appropriateness of MT in patients with AIS due to
LVO and a low NIHSS score at presentation is currently
debated and awaits clarification. The limited number of ran-
domized patients with a low baseline NIHSS score in the
main MT trials has hampered the possibility of addressing
this issue [12]. Skepticism may arise from the risks of an
invasive procedure not counterbalanced by the possible ben-
efits in patients with a so-called minor stroke. However, the
definition “minor stroke” may be misleading if simply based
on a NIHSS score cutoff value without considering the type
of symptoms (disabling or nondisabling) and the association
or not with a long-term favorable outcome [26]. Following
this consideration, setting a NIHSS score threshold for MT
eligibility may appear arbitrary.

To date, a growing body of evidence is available on MT
in patients with LVO and a low baseline NIHSS score. In
real-world practice, such option is usually considered on a
case-by-case basis, after careful evaluation of clinical and
radiological features and assessment of risks and benefits.
However, the fact that in our retrospective analysis the num-
ber of patients receiving MT with a NIHSS score <5 at the
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time of groin puncture largely exceeds that of the BMM/res-
cue MT group reveals a current tendency towards early MT,
likely due to the increasing familiarity of neurointerventionists
with the procedure and the better safety profile of the last gen-
eration thrombectomy devices [27]. This consideration, along
with recent data showing overall a noninferiority of MT alone
compared to IVT followed by MT [28, 29], possibly explains
also the lower percentage of patients receiving IVT in the MT
group compared to the BMM/rescue MT group.

The critical point in the management of patients with LVO
and a low NIHSS score not subjected to an effective recanali-
zation therapy is the possibility of neurological deterioration
upon failure of the leptomeningeal collateral network that
sustains the initial paucity of symptoms. Indeed, in a recent
single-center retrospective study, an unfavorable clinical evo-
lution was documented in a fifth of patients with stroke due to
LVO and mild symptoms and could not be predicted on the
base of the studied clinical and radiological variables [11].
Hence, the need to define the most effective treatment strategy
in this type of AIS patients has become impelling. The ini-
tial exploratory reports that have suggested the benefit of MT
when performed before neurological deterioration [9, 15, 30]
are in line with our results. Conversely, a recent multicenter
retrospective study has failed to demonstrate significant dif-
ferences in terms of functional outcome between MT and best
medical therapy (including IVT) in patients with a baseline
NIHSS score <5, regardless the site of occlusion (internal
carotid artery and M1 segment vs. M2 segment) and degree
of stroke severity at admission (NIHSS score of 0-3 vs. 4-5)
[10].

Other retrospective reports that used a PSM analysis have
also led to uneven conclusions. In the study by Nagel and
coworkers, that included also patients with posterior circu-
lation LVO, MT in patients with baseline NIHSS score <5
resulted in a higher rate of patients with functional independ-
ence (mRS score of 0-2) at 90 days compared to patients
initially undergoing BMM and eventually receiving MT
upon neurological worsening, with no relevant issues regard-
ing safety [16]. In another retrospective observational study,
intended bridging therapy with IVT followed by MT was not
superior in terms of clinical outcome compared to IVT alone
and was associated with higher odds of both symptomatic
and asymptomatic intracranial bleeding events. However,
when the study population was analyzed based on the site of
occlusion, bridging therapy resulted in significantly higher
rates of excellent neurological outcome in patients with prox-
imal occlusion (ICA and MCA/M1 segment) compared to
IVT alone [31]. Dargazanli and coworkers have shown that
patients with anterior circulation LVO and minor-to-mild
symptoms (baseline NIHSS score < 8) have an excellent out-
come after MT more often than those left on BMM, despite an
increase rate of brain bleeding events [32]. On the other hand,
a more recent multicenter study by Volny and coworkers, that
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included patients with occlusion of ICA and/or MCA (M1 and
proximal M2 segments), has shown that MT was associated
with a 8.6% higher chance of excellent outcome but with a
22.3% higher risk of neurological deterioration at 24 h and
a 2.2% higher risk of death of any cause within 90 days [33].

Because of this ambiguous scenario, to date, it is reason-
able to consider MT in patients with a NIHSS score <5 but
with disabling symptoms, using specific care to keep hem-
orrhagic rates below those reported in randomized clinical
trials, as suggested by the Standards and Guidelines Com-
mittee of the Society of Neurolnterventional Surgery [34].

The main limitations of our study derive from its observa-
tional design. A significant bias may arise from the diverse
therapeutic conduct across the different centers, as treatment
decisions were made upon the discretion of the managing
physicians and outside the more rigid criteria of a clinical
trial. In addition, patients subjected to early MT were con-
fronted with a control group that included patients left on
BMM only and patients that were initially medically man-
aged but later underwent rescue MT upon worsening of clini-
cal condition. Although this reflects current real-world prac-
tice, from an experimental standpoint, the merger of the two
subgroups of control patients into one may raise concerns
about homogeneity of treatment. Furthermore, our propensity
score analysis used a series of covariates that we believe are
more important as predictors of long-term clinical outcome,
but it is possible that other relevant factors may have not been
considered or measured. Nonetheless, while our results must
be interpreted with caution, the scenario emerging from this
retrospective study indicates a definite tendency toward early
MT, with encouraging results when this type of approach is
compared to a “wait-and-see” approach that uses BMM as
first option and eventually considers the possibility of rescue
MT upon neurological worsening.

In consideration of the sparse evidence available to date,
it is expected that forthcoming randomized controlled trails
will clarify whether early MT is beneficial in patients with
LVO and a low baseline NIHSS score.

Conclusions

The efficacy of MT in patients with AIS due to LVO and low
NIHSS score at presentation has been insufficiently studied
in the main randomized clinical trials. Our study is in favor
of a potential benefit of early MT also in this category of
patients. Nonetheless, this issue remains open for clarifica-
tion and the need for an unambiguous recommendation in
clinical practice is urgent.
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