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Background  and purpose.  – To  compare  outcomes  of minor  stroke  patients  with  intracranial  vessel
occlusions  (IVO)  underwent  mechanical  thrombectomy  (MT)  versus  those  treated  with  intravenous
thrombolysis  alone  (IVT).
Methods.  – We  retrospectively  reviewed  two  large  prospective  stroke  databases  from  two  European
centers  searching  for patients  admitted  with  minor  stroke  (i.e.  NIHSS  Score  ≤  5),  baseline  mRS  =  0 and
occlusion  of  the  M1–M2  segment  of the middle  cerebral  artery  (MCA).  Groups  receiving  (A)  IVT alone  and
(B)  MT+/-IVT  were  compared.  Primary  outcome  measures  were  MT safety,  successful  recanalization  rate
(mTICI 2b-3)  and  NIHSS  shift  (discharge  NIHSS  minus  admission  NIHSS);  secondary  outcomes  included
discharge  rates  and excellent  outcome  (mRS  0-1)  at 3 months.  Univariate  and  multivariate  analyses  were
performed.
Results.  – Thirty-two  patients  were  enrolled  in  Group  B (19 MT  alone;  13  MT +  IVT)  and  24 in  Group
A.  Successful  recanalization  (mTICI  2b-3)  was  obtained  in  100%  of cases  in Group  B vs 38%  in Group
A.  Symptomatic  hemorrhagic  transformation  rate  did  not  differ  between  the  two  groups.  Multivariate
analysis  reported  MT  as  the only  predictor  of  early  (< 12  h) favorable  NIHSS  shift  and  lower  NIHSS at
discharge.  Moreover,  discharge  at home  and  excellent  outcome  at 3-month  follow-up  were  statistically

associated  with  MT.
Conclusions.  – MT  in  patients  with  minor  strokes  and intracranial  vessel  occlusion  (IVO)  is  safe and
can  determine  a  rapid  improvement  of  NIHSS  Score.  MT  seems  also  associated  with  a  higher  rate  of
patients  discharged  at home  after hospitalization  and  better  clinical  outcome  at  3-month  follow-up.

are  w
Larger  randomized  trials 

ackground and purpose

Ischemic strokes with mild symptoms have been associated
ith a good prognosis [1].
Only 5.5% of patients with a minor stroke, experience a clinical
eurological deterioration, even when no intravenous thrombo-

ysis (IVT) is provided [2]. However, the presence of intracranial
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vessel occlusion (IVO) increases the risk of early deterioration and
poor outcomes, despite the initial low neurological symptoms (i.e.
NIHSS Score ≤ 5) [3]. Indeed, up to 15% of these patients will
experience an unstable course in the first 24 hours with 90-day
significant disability rates [4].

Vessel recanalization is crucial to achieve a good clinical out-
come and IVT has been shown to yield better outcomes compared
with no treatment [3,5,6]. Anyway, some patients may  be not eli-

gible to IVT or extended thrombus burden may reduce its effect
[7].

Recently, mechanical thrombectomy (MT) was defined as the
standard of care for patients with IVO and severe strokes [8]. How-
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ver, outcomes for patients with low National Institutes of Health
troke Scale (NIHSS) Scores come from only two [9,10] of the five
eminal thrombectomy trials [11,12,13], with only a small number
f patients enrolled.

Thus, the right indication for MT  in patients with minor stroke
14] as well as MT  beneficial effect compared with IVT remains
nclear and underrepresented in existing studies.

In this study, we report the clinical outcomes of minor stroke
atients with IVO comparing MT  with a historical group of patients
reated, before the advent of MT  at our institutions, with IVT alone.

ethods

utcome definition and measurements

Minor stroke was defined by NIHSS Score of ≤ 5 [4].
IVO was defined as an intracranial arterial occlusion involving

he M1  and proximal M2  segment of the middle cerebral artery,
iagnosed using magnetic resonance imaging (MRI) or computed
omography (CT) angiography.

Neurological deterioration (ND) [15,16] was defined as an
ncrease in the NIHSS by ≥ 4 points compared to baseline, or as
he onset of new neurological symptoms whereby a subcompo-
ent of the NIHSS Scale that was previously given a score of 0 was
ubsequently given a score of 1 or more points.

Neurological fluctuation (NF) was defined by ≥ 4 points change
n NIHSS Score in the 24 hours after the onset of minor stroke
ymptoms and prior to MT.

Successful recanalization by MT  was defined by a final modi-
ed thrombolysis in cerebral infarction (mTICI) grade of 2b or 3,
ccording to Zaidat et al. [17].

Hemorrhagic transformation (HT) was graded based on the
CASS II classification [18]. Symptomatic HT was defined as an
ntracerebral hemorrhage with an increase in the NIHSS Score
f ≥ 4 points (HT-2). Asymptomatic HT was defined as an intra-
erebral hemorrhage with an increase in the NIHSS Score of < 4
oints (HT-1).

MT complications included: embolism in a new vascular terri-
ory, vasospasm, and femoral artery access injuries.

linical assessment

Baseline demographics and medical history were collected
rom our prospective stroke registries and comprised a neuro-
ogical examination performed at admission by a neurologist in
he emergency department, including NIHSS Score assessment and
nset-to-treatment times recording.

NIHSS Score was evaluated at admission, at 12 hours, whenever
he neurological symptoms changed, 24 hours after the MT,  and
aily until patient discharge. MT  alone was performed in case of
ontraindications for IVT or as a rescue therapy after IVT.

NIHSS shift was defined as a change in NIHSS Score between two
ssessments.

Early neurological improvement (ENI) was defined as an NIHSS
core of 0 to 1 after 24-hour from MT  [19].

Follow-up, including the modified Rankin Scale Score (mRS),
ook place during an inpatient visit after three months or via a struc-
ured telephone interview performed by a neurologist not blinded
o the type of treatment.

A mRS  Score of 0-1 at 90 days was defined as being indicative
f excellent outcomes; a mRS  Score of 2 at 90 days was defined as
ood outcomes.
atients selection

We  retrospectively reviewed two large prospective stroke
atasets from two comprehensive stroke centers.
diology 46 (2019) 225–230

Demographic data, pre-stroke mRS  Score, baseline NIHSS,
occluded vessel site, daily NIHSS during hospitalization and at dis-
charge, as well as the discharge mRS Score, discharge location
(home or rehabilitation) and the 90 days mRS  were collected.

Two groups were identified and compared: the medical group
(Group A) and the interventional group (Group B).

In the Group A we included all consecutive patients admitted
with minor stroke and IVO, demonstrated by imaging between
September 2014 and September 2015, treated with IVT alone.

The interventional group (Group B) included all consecutive
patients treated with MT  alone or in association with IVT, admitted
to the two centers involved in this study, between September 2015
and July 2017 with a diagnosis of acute ischemic stroke (within
24 h), an initial NIHSS Scores ≤ 5 and an evidence of an IVO, candi-
date to MT  due to M1–M2  segment occlusion of the middle cerebral
artery. Patients were selected for MT  if rt-PA was not effective or
contraindicated, and/or in case of neurological fluctuation. More-
over, patients were treated with MT  after rt-PA in case of new
somatosensory symptoms.

In both groups, intravenous rt-PA was  prescribed within
4.5 hours of onset according to guidelines [20] and patients were
treated only with an ASPECT [21] Score > 7.

We excluded patients with modified Rankin Scale Scores ≥ 1
prior to the MT  so as to better understand the efficacy of MT in this
subgroup of ischemic stroke patients.

Imaging studies

Patients with suspected acute ischemic stroke underwent a
standardized stroke imaging protocol either with MRI  (including
axial DWI, 3D time-of-flight MR-angiography of the intracranial
vessels, axial FLAIR, and axial gradient echo (GRE) imaging) or
three-phasic angio-CT ± CT-perfusion imaging.

For the interventional group (Group B) the occlusion site was
confirmed by digital subtraction angiography (DSA).

Cerebral infarction and post-treatment intracranial hemorrhage
were assessed with non-enhanced CT scan performed 24 hours
after treatment, or sooner in case of clinical deterioration.

Stroke therapy

In the interventional group (Group B), IVT was  administered as
a bridging therapy to all patients when eligible. In case of wake-up
stroke, the patient’s eligibility for MT  was based on imaging criteria
(e.g. CT-perfusion and/or DWI-FLAIR mismatch) [19,22].

Indication for MT was discussed by a multidisciplinary team
(neurologist and neuro-interventionist) and assessed on an indi-
vidual basis according to the patient’s comorbidities, pre-stroke
condition and common signs of neurological impairment (e.g. apha-
sia, neglect).

No age limit was defined. MT  was  performed under conscious
sedation for all of the patients.

The type of endovascular technique (e.g. stent-retriever or aspi-
ration) was  at the discretion of the treating physician. The devices
types used for MT,  the number maneuvers, and the intra-procedural
complications were assessed. Successful reperfusion was  based on
use of the modified Thrombolysis in Cerebral Infarction (mTICI)
Scale [17,23].

Statistical analysis

Median and interquartile range (IQR) of all continuous variables

were calculated for the entire patient population. Categorical vari-
ables were reported as proportions.

The Mann–Whitney rank-sum test for independent samples
was performed to compare the NIHSS parameters in the two
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Fig. 1. : Flow chart of patient inclusion and treatment allocation. IV

Table 1
Characteristics of the Patients at Baseline.

Variables Thrombectomy Group
(n = 29)

IVT Group
(n = 24)

Age, yrs (range) 70 (23–92) 68 (40–95)
Male sex, n (%) 13 (45) 15 (63)
Atrial fibrillation, n (%) 10 (34) 4 (17)
Diabetes mellitus, n (%) 1 (3) 6 (25)
Hypertension, n (%) 22 (76) 17 (71)
Smoking, n (%) 4 (14) 9 (38)
Hypercholesterolemia 11 (38) 12 (50)
Baseline NIHSS Score, Mean (SD) 4 (2–4) 4 (3.5–5)
Imaging study
RM 21 (72) 0 (0)
CT-Perfusion 6 (21) 0 (0)
CT-Angiography 11 (38) 24 (100)
Occlusion site, n (%)
M1  12 (41) 0 (0)
M2  13 (45) 24 (100)
M1  + ICA 4 (14) 0 (0)
Toast
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Cardioembolic 15 (52) 9 (38)
Large artery 8 (28) 13 (54)
Undetermined 6 (20) 2 (8)

roups (Group A and Group B). To compare NIHSS onset and NIHSS
12 hours, 24 hours, discharge), the Wilcoxon test for paired sam-
les was performed.

For categorical data Fisher’s exact test was used. The significance
evel was set at 0.05.

esults

During the study period, 32 patients of the 473 patients treated
ith Mechanical Thrombectomy (MT) did meet the inclusion crite-

ia and were enrolled in the interventional arm (Group B), while 24
f 107 patients treated with IVT alone were included in the medical
anagement arm (Group A). Fig. 1.
The primary analysis demonstrated similar demographics and

aseline characteristics between Group A and Group B.
Demographic information, medical history, onset NIHSS and

maging modalities of both groups are presented in Table 1.
All patients of Group A presented with M2  segment IVO on initial

maging (10 on the right-side; 14 on the left-side). In the medical
roup, IVT was administered with a mean onset to needle delay of

70 ± 88 min.

In Group B, IVO site on initial imaging were: M1  segment in 13
atients (7 on the right-side; 6 on the left-side); M2  segment in 15
atients (6 on the right-side; 9 on the left-side); internal carotid
T: intravenous thrombolysis; MT:  mechanical thrombectomy.

artery and M1  segment occlusion in 4 patients (3 on the right-side;
1 on the left-side).

In Group B, the occlusion site on CT or MR  imaging was con-
firmed at the next DSA in 29/32 patients (91%). In three patients
(9%), vessel recanalization was observed with DSA (two TICI 2b;
one TICI 3) and no MT  was  performed; all three patients presented
with an initial M2  occlusion on MRI  and received IVT; in one of
them an asymptomatic HT type-1 was  observed. These patients
were excluded from the final comparative analysis.

4 of the 32 patients (13%) exhibited NF.  For these patients, the
mean onset time to femoral puncture was 761 ± 227 min. In all
patients with NF, symptoms resolved after a successful MT  recanal-
ization.

Overall, in Group B, 19/32 patients (59%) received IVT + MT  [18
(95%) as a bridging therapy with a mean onset to femoral punc-
ture delay of 237 ± 78 min; one (5%) as a rescue therapy due to
IVT failure. In this case, IVT was  administered 185 min  after the
onset of symptoms. Due to a subsequent ND, a second MRI  imag-
ing evaluation was  performed and a second IVT was administered
as a bridging therapy to MT  (delay between IVTs was 297 min,
IVT-to-MT delay was 18 min).

13/32 patients (40%) underwent MT  alone [10 (77%) due to IVT
contraindication and 3 (33%) due to wake-up strokes with positive
FLAIR on MRI)].

For patients treated with MT  alone, the mean door-to-needle
time was 230 ± 20 min.

MT  was  performed with a stent-retriever and proximal balloon
catheter aspiration in 15/32 (47%) patients and 14/32 (43%) were
treated by primary aspiration thrombectomy. The mean number of
recanalization passages was  1.7 (median: 1).

Successful IVO recanalization was achieved for all of the treated
patients (100%) in Group B (24 TICI 3; 5 TICI 2b) and in 9/24 patients
(38%) in Group A (38%) (P < 0.001).

NIHSS at the onset was 4 (range 2-4) for Group B and of 4 (3.5–5)
for Group A (P = 0.106).

NIHSS shift at 12 h was  1 (0–2.25) for Group B and 4 (2-5) for
Group A (P = 0.005); NIHSS shift at 24 h was 1 (0–2) for Group B and
of 3 (1-4) for Group A (P = 0.024); NIHSS shift at hospital discharge
was 1 (0–2) for Group B and of 2 (1–3.5) for Group A (P = 0.036)
(Table 2).

The mean hospitalization time was 5.6 days (median: 4 days).
In Group B, 23/29 (79%) patients were discharged at home while
13/24 patients in Group A (54%). The remaining patients were dis-
charged to rehabilitation in both groups (Fig.2).

In Group B, 3 patients experience an HI-1 (9%) and 2 patients
experienced an HT-2 (6%): the first patient exhibited a tight stenosis
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Fig. 2. : Hospital discharge location. Group A: alone; Group B: m

Table 2
Clinical outcomes.

Median NIHSS (IQR) Group A (n = 24) Group B (n = 29) P value

Onseta 4 (3.5–5) 4 (2–4) 0.106
12  ha 4 (2–5) 1 (0–2.25) 0.005
24  ha 3 (1–4) 1 (0–2) 0.024
Dischargea 2 (1–3.5) 1(0-2) 0.036
mRS  0–1b 11 (45.80%) 27 (93.10%) < 0.001
mRS 0–2b 19 (79.17%) 27 (93.10%) 0.223

IQR: interquantile range; n: number of patients.
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matched. Although also our study did not overcome this issue for
a Mann–Whitney test.
b Fisher test.

f the internal carotid artery associated with left-side M1  IVO and
ndergone MT  alone due to IVT contraindication. A successful TICI

 recanalization of the left-side M1 segment was achieved, and the
ight stenosis was initially not treated; anyway after 525 minutes
rom the procedure, new neurological symptoms appeared and a
eft internal carotid artery stenting was attempted unsuccessfully
ue to failure of crossing the carotid bulb occlusion. The patient
xperienced a symptomatic hemorrhagic transformation (HI-2) at
4 hours, with a NIHSS increase of 13 points at discharge and pre-
ented a mRS  of 2 at 90 days follow-up. The second patient with
I-2 (86 years old lady) presented with right M1  occlusion, under-
ent IVT + MT  and experienced a 24 h symptomatic hemorrhagic

ransformation (HI-2), with a 15-point increase in NIHSS Score at
ischarge and a mRS  of 6 at three month follow-up.

In Group A, 3 patients experience a HI-1 (13%) and 1 patient
eported a HI-2 (4%) at 24 hours, with a 12point increase in their
IHSS Score at discharge and a mRS  of 4 at 3-month follow-up

Overall, an excellent outcome (i.e. mRS  0-1) at three months was
btained in 27/29 patients (93%) in Group B and 11/24 in Group

 (45%) (P < 0.001). A good outcome (mRS 0–2) was observed in
7/29 patients (93%) in Group B and in 19/24 (72%) patients in
roup A (P < 0.223) (Fig.3).

iscussion

Our study demonstrated that mechanical thrombectomy is safe
nd effective in increasing chance of successful vessel recanaliza-
ion (i.e. mTICI 2b-3) in patients with minor strokes due to IVO,
btaining a more favorable NIHSS shift at hospital discharge and

n excellent outcome (mRS 0–1), as compared to medical therapy
lone, without higher complication rates.

Nowadays, the best management for minor strokes still
emained unclear and unstandardized.
echanical thrombectomy +/- intravenous thrombolysis.

Most patients admitted with a diagnosis of minor stroke are
treated with IVT alone and several others are still excluded from
IVT because considered doing clinically too good to be treated [2].

Moreover, results of the pooled meta-analysis data of recent ran-
domized trials indicate that no benefit of MT  could be statistically
demonstrated for patients with a NIHSS Score of < 10 [24].

Therefore, MT  in patients with NIHSS ≤ 5 and IVO remains
described only in small case series [8].

Anyway, despite the mild clinical onset, vessels’ recanalization
seems necessary to obtain a good outcome also for minor strokes
[3,5,6] because, when no acute recanalization is achieved, about
one third of minor stroke patients could not ambulate indepen-
dently at hospital discharge [25] and are more prone to experience
neurological deterioration with poor clinical outcomes at 90 day
follow-up [26,27,28].

Our study confirmed that the better NIHSS shift observed was
independently related with both the endovascular intervention and
the higher recanalization rate obtained with MT  compared with
medical treatment.

Even if reassuring efficacy results of medical treatment for acute
mild ischemic stroke patients are well described in larger series,
with good outcomes obtained in more than 80% of the cases, the
main concern of standalone IVT treatment is the frequent lack of
information regarding the presence of IVO for most of the studied
patients [29].

Despite mild stroke onset, when IVO is documented on imag-
ing, medical therapy demonstrated its inefficacy in more than 40%
of cases, with subsequent neurological deterioration [8] and high
disability rates [30].

In our study, IVO was confirmed by imaging in both groups and
results in terms of IVT recanalization rates were in line with those
presents in literature, confirming the reduced IVT efficacy to obtain
a successful recanalization in case of IVO in a significant number of
patients. Moreover, in this series, about 40% of the patients of Group
B had contraindications to thrombolysis. Hence, MT  was often the
only available treatment for an acute IVO recanalization.

To the best of our knowledge, at the moment there is only
one prospective study and few reports, comparing medical therapy
with endovascular intervention in minor stroke [8,31].

However, all the existing studies comparing MT  versus IVT, in
patients with NIHSS Scores of 5 or less, are based on limited number
of patients enrolled for comparison once the groups are adequately
comparison of the two treatments modalities, it seems to confirm
not only the overall improved clinical outcome in minor stroke
patients treated with MT.  In addition, it also demonstrated the
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Fig. 3. : 3-months excellent (0–1) and good (2) mRS outcomes. Group 

bility of MT  to determine a very early neurological improvement
< 12 h) as compared to medical therapy. Precisely, despite the 90-
ays good outcome (mRS 0–2) was achieved in both groups in our
omparative analysis, the rapid clinical improvement observed in
roup B patients was associated with a higher chance of being dis-
harged at home with an excellent outcome (mRS 0–1) at 90-day
ollow-up.

These results may  have potential benefit also in term of cost-
fficacy because we reported a lower number of in-hospital
ays for Group B patients, without needing further rehabilitation
eriods. Moreover, MT  seemed determinant as rescue therapy for
hose patients experiencing neurological deterioration or long last-
ng neurological fluctuation despite previous IVT administration.
ndeed, the slow progression of NF symptoms, despite previous
VT administration, was the consequence of good leptomeningeal
ollaterals. However, over time the activation of the cerebral
lood reserve, including vessels’ vasodilatory capacity and vaso-
eactivity, progressively decline and most of the time ends with

 severe cerebral blood “steal” phenomenon, followed by neuro-
ogical deterioration [28]. Thus, in case of IVO and long lasting
ymptoms or striking progression but negative FLAIR imaging on
R and/or no lesions on cerebral blood flow maps, MT  was  con-

idered a good indication despite the late time from clinical onset,
isproving the time window dogma for endovascular treatment,
hat is recently emphasized in the DAWN trial results [32].

imitations

Unfortunately, despite the two groups presented an excellent
atching, this study has several limitations. First, although the

rospective data collection, this study was based on a retrospec-
ive analysis. Secondly, the limited time during which the study
as conducted by the two involved tertiary stroke centers was
ainly responsible for the small sample size for comparison. Third,

ifferent treatments and imaging modalities were used. Indeed,
he interventions were at the physician’s discretion and imag-
ng modalities were based on MRI  or CT institution protocols (i.e.
otential selection bias). Moreover, outcome assessments were not
linded, introducing a potential assessment bias.

Anyway, although the retrospective study, each neurological
ssessment was carefully obtained by independent examinations.
Moreover, it should be noted that the medical groups (Group A)
erived from a different study period. However, the homogeneous
edical therapy, treating patients with the same protocol, reduced

he possibility of residual confounding. On the other hand, the MT
e; Group B: mechanical thrombectomy +/- intravenous thrombolysis.

cohort was  treated with contemporary techniques and should be
representative of the current real-world practice.

Fourth, a significant proportion of patients in the interventional
arm was treated after clinical deterioration or after long lasting
symptoms with neurological fluctuation, attempting a rescue MT
after IVT failure. Therefore, theoretically clinical outcome could be
improved, performing thrombectomy without delay.

Finally, Group A included only patients with M2 segment IVO.
Anyway, IVT results may  be even lower adding larger segment
occlusions to the analysis.

Conclusions

MT  in patients with minor strokes and IVO appears safe and
effective to determine a more rapid NIHSS improvement as com-
pared with medical treatment. MT  seems also associated with a
higher rate of patient discharge to home after hospitalization with
excellent outcome at 3-month follow-up and even cost-efficacy
benefits. Larger randomized prospective trials are warranted to
confirm these results.
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